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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,
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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

10



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

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

11
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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.

1. UAV SURVEY f, 2 FELD NVESTIGATION & 3 ©usTING DATA
m o =
: 1! %
LA 1 DTM 30 oot Coed Vivasl Survey Cocunts ol Mage Dwngs Drawings | | Other Spatiat Dty
*  Migh-resclgion imagery (DM Mavic 3 Pro) « Tamoh serpling for lsboratory analyshs o Coachastral and land reghsry data

« Photogrammetric procesying (PtDmapper) GNSS mwasuroments of key posts + Engineering and design documents

« Orthophoto, DSM, OTM, 30D paint cloud + Field cbseryations and documentation « Topographic magn and satellne imagery

o Basis for volume and area estunation o Validation of UAY-dorived deta |« Histerics sod project-selated information

E INTEGRATED DATABASE

All datasets are georefarenced and tegrated
within a commaon spatisl framework,

¥

DATA QUALITY VERIFICATION
E * AccuracCy assessment
« Comistency check

« Completeness evaluation LEGEND
* Remote sansing data
INPUT FOR STRM FRAMEWORK Foid dwta
Integrated and veeifiod data are used for Secendary /
analyses, planning and decivion-making y gy S
within the Strategic Topsod Resource w— D Row / iAegration

Management (STRM) framework

Mot The heme Klaatrates INe Mol soawrces of dole wond @ INe sty o
AV siegration Jvocest 1o nggsvt ine STAM framemvi

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

16



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

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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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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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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Abstract

The determination of design durations represents an important component of
infrastructure project planning and directly influences the quality, reliability, and effectiveness
of project preparation. However, concerns have increasingly emerged regarding the adequacy
of design schedules specified within public procurement procedures, particularly for technically
complex water infrastructure projects. This study evaluates the consistency of design durations
applied in public procurement procedures for water supply and irrigation system design services
in the Republic of Armenia.

The research is based on a comparative analysis of selected procurement procedures,
normative design duration standards, and professionally justified design periods. In addition to
direct schedule comparisons, a project complexity assessment framework was developed using
technical indicators including the number of settlements served, pipeline length, water intake
structures, pumping stations, regulating reservoirs, and water treatment facilities. The proposed
framework was used to assess whether the design durations specified in procurement
documentation were proportionate to the engineering effort required for project
implementation.

The results revealed substantial discrepancies between tender-based and normative
design durations. In many examined cases, design services were required to be completed
within 20-30 days, whereas the corresponding normative or professionally justified durations
ranged from 90 to 120 days. The observed deviations reached 75-83% in several projects. The
analysis further demonstrated that projects with significantly different complexity levels were
frequently assigned similar design durations, indicating that project complexity is not
systematically incorporated into schedule determination.

The findings suggest that the current approach to establishing design durations does not
adequately reflect the scope and complexity of engineering activities required for project
preparation. The study concludes that incorporating project complexity criteria and broader
application of normative duration standards could contribute to improving design quality,
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reducing implementation risks, and enhancing the effectiveness of public procurement
procedures for water infrastructure projects.

Keywords: public procurement; design duration; project complexity; water supply
systems; irrigation systems; infrastructure planning; engineering design; Armenia.

Introduction

Time is not merely an organizational resource in the engineering design process, but
also a critical factor influencing the quality of design decisions and the overall performance of
a project. International studies indicate that decisions made and activities undertaken during the
early stages of a project have a significant impact on its subsequent development, while
deficiencies at these stages may lead to cost overruns, schedule delays, and technical deviations
[1,2]. At the same time, the reduction of design errors and the proper development of technical
solutions are recognized as essential prerequisites for successful project implementation, since
shortcomings originating during the design phase frequently result in rework, additional
expenditures, and increased construction risks during later project stages [3,4].

International studies indicate that infrastructure project failures, cost overruns, and
schedule delays are often attributable not only to problems arising during the construction
phase, but also to inadequate assessments, design errors, and incomplete baseline data during
the design and project preparation stages [5-8].

Numerous studies in the field of construction management emphasize that design errors
may lead to redesign, additional work, cost increases, contractual disputes, and a decline in
construction quality. As a result, the effects of deficiencies arising during the design phase often
extend to subsequent stages of the project life cycle, affecting both construction performance
and operational efficiency [9-12]. In this context, the time allocated for design activities should
be regarded not merely as an organizational or contractual requirement, but also as an important
factor influencing the quality of the design process and the development of subsequent project
risks.

The design of water supply and irrigation systems is characterized by its complex and
multidisciplinary engineering nature. Unlike many conventional construction projects, the
design of water infrastructure involves spatially extensive linear systems, the assessment of
variable topographic and hydrological conditions, the investigation of water sources, hydraulic
calculations, water demand forecasting, pressure and flow distribution modeling, as well as the
integrated design of pumping stations, regulating reservoirs, control facilities, and water
metering systems [13-16]. In irrigation systems, additional importance is attached to the
assessment of seasonal water use patterns, determination of crop water requirements,
organization of water delivery regimes, accounting for water losses, and ensuring the hydraulic
reliability of canals and pipelines [17-19]. The integrated solution of such multi-component
engineering tasks requires adequate time resources, as each stage of the design process is based
on data and calculations obtained during the preceding stages.

In recent years, GIS, EPANET, WaterGEMS, and other hydraulic modeling tools have
been widely applied in the international practice of water supply and water infrastructure
design, enabling engineers to evaluate network pressures, flow rates, velocities, water losses,
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alternative operational scenarios, and overall system reliability [20-22]. However, the effective
application of these tools requires the collection of accurate baseline data, the development of
network schematics, the formulation of demand scenarios, the verification of computational
results, and the optimization of design solutions. Therefore, the availability of adequate time
resources is an essential prerequisite not only for ensuring the completeness of design
documentation, but also for supporting the reliability of hydraulic analyses and techno-
economic decision-making.

In public and municipal procurement systems, the time allocated for design services is often
determined not by the actual engineering and technical requirements of the design process, but
rather by administrative, budgetary, or procurement-related considerations. International
literature indicates that an excessive emphasis on price and the limited application of selection
criteria in public procurement may negatively affect service quality, restrict professional
competition, and reduce overall project performance [23-25]. For this reason, European and
international procurement practices are increasingly adopting value-based procurement
approaches, quality-oriented evaluation criteria, and life-cycle cost considerations, as selection
based solely on the lowest initial price or short-term economic indicators does not always ensure
the efficient use of public investments [23-25].

In the international literature, infrastructure project complexity is commonly regarded
as a multidimensional characteristic determined by the number of technical components within
a project, the degree of interconnection among these components, the diversity of engineering
solutions, and the range of professional disciplines involved [30-34]. Several authors have
noted that increasing project complexity is accompanied by a greater volume of design
activities, increased coordination requirements, a larger number of engineering calculations,
and longer design durations. Consequently, complexity assessment approaches based on the
structural and technical characteristics of projects are widely applied in the evaluation of
infrastructure developments [30-34].

In the design of water supply and irrigation systems, complexity is primarily determined
by the configuration of the system, the number of settlements served, the extent of linear
infrastructure, the presence of water intake structures, and the need to design pumping stations,
regulating reservoirs, and water treatment facilities [13—-22, 30-34]. Therefore, when estimating
the time required for design activities, it is appropriate to consider not only project cost or
financial indicators, but also the scope and interconnection of the technical components that
must be developed during the design process.

Conflict Setting

Despite the extensive body of international literature addressing design errors,
construction delays, cost overruns, and risks associated with infrastructure projects, relatively
few studies have quantitatively evaluated the discrepancy between the actual timeframes
allocated for design activities and the engineering-based durations required for their proper
execution. This research gap is particularly evident in the field of water supply and irrigation
systems, where the design process involves the integrated development of technical, hydraulic,
geodetic, engineering-geological, and economic components.
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This issue is especially relevant in countries where short implementation periods are
commonly applied in public and municipal procurement of design services, while design
organizations are simultaneously expected to conduct field investigations, collect baseline
data, perform engineering calculations, develop design solutions, prepare cost estimates, and
complete other mandatory project tasks within the same timeframe. Under such conditions, a
conflict arises between the actual complexity of the design process and the time constraints
imposed by procurement documentation, potentially creating additional risks for the quality of
design solutions and the overall performance of infrastructure projects.

The aim of this study is to evaluate time constraints as a risk factor in the design process of
water supply and irrigation systems by comparing the actual design durations specified in
procurement procedures with normative or professionally justified design durations and
assessing the deviations between them. The main research question addressed in this paper is
the extent to which the design timeframes established in public procurement procedures
correspond to the actual engineering requirements of water infrastructure design and what
risks may arise under such time-constrained conditions.

Materials and Methods

The study is based on a comparative assessment of public procurement procedures
conducted for the design of water supply and irrigation systems. The analysis examined projects
implemented by state and municipal authorities, in which the actual design durations specified
in procurement documents were compared with normative or professionally justified design
durations. The research utilized procurement documentation, technical specifications,
contractual requirements, and the provisions of SN RA 12-01-2022 “Design Work Duration
Standards”’, which regulates the duration of design activities in the Republic of Armenia [26].

To assess schedule deviations, the ratio between the design duration specified in the
procurement documentation and the normative or professionally justified design duration was
calculated for each project. This comparative assessment made it possible to determine the
degree of conformity between the actual design timeframes and the real engineering
requirements of the design process, as well as to identify projects characterized by elevated
levels of risk.

Research Results

The analysis of public procurement procedures for water supply and irrigation system
design services implemented in the Republic of Armenia revealed substantial discrepancies
between the design durations specified in tender documentation and the durations justified by
normative requirements or professional engineering practice. In several cases, only 20-30 days
were allocated for the completion of design services, whereas the corresponding normative or
professionally justified durations ranged from 90 to 120 days, depending on the scale and
complexity of the project [26].

The identified discrepancies indicate that the evaluation of design schedules cannot be
limited to a direct comparison between actual and normative durations. Since the engineering
effort required for project implementation may vary significantly depending on project
characteristics, the adequacy of design schedules should also be assessed with consideration of
project technical complexity.
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As the duration of the design process is directly determined by the scope and complexity
of the engineering activities involved, a comparative assessment of projects requires the
application of a unified design complexity criterion. Based on a review of international practice,
this study proposes that project complexity should be evaluated not by the construction cost of
the facility, but by the number of technical components to be developed during the design
process and the degree of interconnection among them.

For the purpose of comparative project assessment, design complexity is proposed to be
characterized by the following principal technical components:

1. Number of settlements served by the system;
Total length of transmission and distribution pipelines;
Presence of water intake structures;
Number of pumping stations;
Number of regulating reservoirs;
Presence of water treatment facilities.
These components were selected as indicators reflecting the scope and complexity of
the principal engineering activities involved in the design of water supply and irrigation
systems. If the design assignment includes additional engineering or technological facilities that
are not covered by the above-listed components, their impact on the required design duration
should be assessed separately and justified through additional calculations.

o gk whN

Table 1
Proposed Weighting System for Project Complexity Assessment
Complexity Assigned Score Engineering Justification
Component
Number of 2 points per Increases field investigations, stakeholder coordination, demand
settlements served settlement assessment, and network design requirements
Pipeline length 1 point per 10 | Increases surveying activities, hydraulic calculations, and design
km documentation volume
Water intake 5 points Requires hydrological, hydraulic, and structural design studies
structure
Pumping station 4 points Requires hydraulic, structural, electrical, and mechanical design
solutions
Regulating reservoir 3 points Requires hydraulic and structural design as well as operational
analysis
Water treatment 6 points Represents the most technically complex component, requiring
facility process, hydraulic, structural, electrical, and mechanical design

The weighting system presented in Table 1 was developed to provide a unified basis for
the comparative assessment of project complexity. The assigned scores do not represent exact
engineering labor requirements but rather reflect the relative contribution of each technical
component to the overall complexity of the design process. The total project complexity score
(PCS) was calculated as the sum of the scores assigned to all technical components included in
a project.
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PCS=Y Wi

where: PCS — Project Complexity Score; W; — score assigned to each technical component
included in the project.

Based on the calculated PCS values, the examined projects were classified into three
relative complexity categories (Tab. 2).

Table 2
Project Complexity Classification

Project Complexity Score (PCS) | Complexity Level
0-10 Low Complexity
11-20 Medium Complexity

>20 | High Complexity

To provide a consistent basis for comparative assessment, the selected technical
components were used as the foundation for evaluating project design complexity. This
approach is not intended to determine the exact engineering effort required for each project but
rather to serve as a comparative indicator of the relative complexity of different design
assignments. Projects that include a larger number of interconnected technical components
generally require more extensive hydraulic calculations, field investigations, development of
technological solutions, engineering coordination activities, and preparation of technical
documentation. Consequently, such projects require longer design periods to ensure the proper
completion of all engineering tasks.

To facilitate the comparative assessment of projects with different engineering
characteristics, the proposed design complexity components were subsequently used to classify
the examined projects according to their relative complexity levels. This classification provided
the basis for evaluating whether the design durations specified within public procurement
procedures were proportionate to the engineering effort required for project implementation.

Comparative Assessment of Project Complexity

To enable the comparative assessment of projects with different technical

characteristics, the selected components were used as a unified basis for evaluating design
complexity. The assessment was based on the assumption that an increase in project complexity
leads to a corresponding increase in the volume of engineering activities, which, in turn,
requires a longer design period.
The complexity assessment considered the number of settlements served by the system, the
total length of transmission and distribution pipelines, as well as the presence of major hydraulic
and technological facilities included in the project. The increase in these factors results in a
greater volume of field investigations, hydraulic calculations, development of technological
solutions, engineering coordination activities, and preparation of design documentation.

For the purposes of comparative analysis, the examined projects were classified into
three main categories:

= Low-complexity projects;
=  Medium-complexity projects;
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= High-complexity projects.

The classification was based on the number of technical components included in the
project and the degree of interconnection among them. High-complexity projects typically
involve multiple settlements, extensive pipeline systems, and various hydraulic or technological
facilities, whereas low-complexity projects are generally limited to relatively simple
engineering solutions.

This classification makes it possible to compare the design durations specified for
different projects and to assess the extent to which they are proportional to the engineering
effort required for project implementation.

The comparative assessment of the examined projects revealed substantial differences
in their relative complexity levels. While some projects were limited to the design of a water
supply system for a single settlement or a relatively short pipeline network, others involved
multi-settlement systems, extensive transmission pipelines, water intake structures, pumping
stations, regulating reservoirs, and other hydraulic facilities. Consequently, the engineering
effort required for project design may vary considerably from one project to another.

However, despite the existing differences in technical complexity, the design durations
specified in tender documentation were often similar or of the same order of magnitude. In
several cases, high-complexity projects were assigned design periods that did not differ
substantially from those established for relatively simple projects. This finding indicates that
project technical complexity was not adequately considered in the determination of design
schedules.

Fig. 1 and Fig. 2 present the results of the comparative assessment of design durations
applied in the examined procurement procedures. The analysis demonstrates that the design
periods specified in tender documentation were substantially shorter than both the normative
durations and the minimum professionally justified design periods adopted in this study. In
several projects, the observed deviations reached 75-83%, indicating a significant mismatch
between the engineering effort required for project design and the time allocated for its
completion.

B 120 days (Noemative Dueation)
B 90 days (Conditionaly Adopted Duration)
B Tonder-Based Duration

L

Procurement Procedures

Duration [days)
3 8 8 3

| 3
S

8

Fig. 1 Comparative Assessment of Design Durations in the Examined Procurement Procedures
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Fig. 1 illustrates the design durations specified in the examined public procurement
procedures compared with the minimum professionally justified design duration adopted in this
study. The results demonstrate that the majority of procurement procedures allocated
substantially shorter periods for design activities than those required for the proper completion
of engineering investigations, calculations, and documentation. In several cases, design periods
were limited to 20-30 days, despite the significantly greater effort required for project
preparation.

Fig. 2 presents the percentage deviations between the design durations specified in
procurement documentation and the corresponding normative or professionally justified
durations. The results indicate that the observed deviations frequently exceed 50% and, in
several projects, reach 75-83%. Such discrepancies suggest that the allocated design periods
are often insufficient for the completion of the engineering activities required by projects of
similar scale and complexity.

The largest deviations were identified in projects involving multi-settlement water
supply and irrigation systems. Such projects require field investigations, geodetic surveys,
hydraulic calculations, development of technological solutions, preparation of cost-estimation
documentation, coordination procedures, and expert review processes, all of which demand
substantial time and professional resources.

2000 M Devation from Normative Duraton

) Devation from Conditionally Adopted Duration (90 days)

1500
1250

1000

Deviation (%

500

250

1 2 3] 2% 27 ']
Procurement Procedures

Fig. 2 Comparative Assessment of Design Duration Deviations

The results indicate that the differences between the design durations specified in tender
documentation and those justified by normative requirements or professional practice represent
a systemic rather than an isolated phenomenon. The findings suggest that the process of
establishing design schedules does not adequately reflect project technical complexity and the
engineering effort required for successful project implementation.

Discussion
The results of this study demonstrate that the design durations specified in public
procurement procedures for water supply and irrigation system design services in Armenia are
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frequently substantially shorter than both normative requirements and professionally justified
design periods. The observed deviations, which in several cases reached 75-83%, indicate that
the current approach to determining design schedules does not adequately reflect the actual
scope and complexity of design activities.

The findings suggest that design duration is often treated as an administrative or
organizational parameter, whereas it should be directly determined by project scope and
complexity. International studies on project complexity have demonstrated that complexity is
one of the principal factors influencing engineering workload, planning requirements, and
overall project performance [30-34]. Consequently, projects involving multiple settlements,
extensive transmission pipelines, and complex hydraulic infrastructure require substantially
greater design effort than relatively simple infrastructure projects.

The comparative assessment conducted in this study revealed that projects with
significantly different complexity levels were frequently assigned similar design durations. This
observation indicates that project complexity is not systematically incorporated into the
determination of design schedules. Such an approach may create conditions in which
engineering investigations, hydraulic calculations, design verification activities, and technical
coordination procedures must be performed under severe time constraints.

International research has repeatedly demonstrated that deficiencies in project
preparation and shortcomings during the design phase may lead to design errors, rework, quality
deviations, and implementation problems during subsequent project stages [3-5, 9, 10, 12]. In
construction and infrastructure projects, excessively compressed design schedules may limit
opportunities for field investigations, engineering reviews, and other essential technical
activities, thereby increasing technical uncertainty and the likelihood of project modifications
during implementation [4, 6, 9, 10].

The results obtained in this study are also consistent with findings from the broader
project management literature, according to which unrealistic planning assumptions frequently
contribute to schedule-related risks, implementation difficulties, and reduced project
performance [2,6, 29, 37]. Although the present study focuses specifically on design services,
the identified patterns suggest that establishing design durations without adequate consideration
of project complexity and engineering workload may generate similar risks in the water
infrastructure sector.

From a policy perspective, the findings highlight the need for more structured and
technically justified approaches to determining design durations within public procurement
procedures. The incorporation of project complexity criteria into procurement planning,
together with the broader application of normative duration standards, could contribute to
improving the quality of design documentation and reducing implementation risks. Such
measures would also be consistent with international practice, which emphasizes adequate
project preparation as a prerequisite for successful infrastructure delivery [23-25].

Overall, the results suggest that improving the methodology used to determine design
durations may represent an important step toward enhancing the quality, efficiency, and long-
term sustainability of water infrastructure projects.
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Conclusions

. The study revealed a systemic mismatch between the design durations specified in public
procurement procedures and the durations justified by normative requirements and
professional engineering practice. In many cases, projects requiring extensive engineering
investigations and design activities were assigned design periods significantly shorter than
those considered technically reasonable.

. The results demonstrated that project complexity is not systematically incorporated into the
determination of design schedules. Projects with substantially different technical
characteristics, engineering workloads, and infrastructure components were frequently
assigned similar design durations, indicating the absence of a complexity-based approach
to schedule determination.

. The findings suggest that improving the methodology used to establish design durations,
including the integration of project complexity criteria and wider application of normative
standards, could contribute to enhancing design quality, reducing implementation risks, and
improving the overall effectiveness of public procurement procedures for water
infrastructure projects.
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Bupwywnnigywdpwiht bwfuwgdtiph nbwpnud: Unyu  hbGunwgnnnggjwtu  uwywwnwyu |
quwhwuwnt  <wjwunwuh  Lwupwwbinnejniund  opwdwwnmwywpwpdwtu b nnngdwt
hwdwlwnpgbph twfuwgddwu dwnwjnyenwitubtph whnwywu qunwiubph gnpdpupwgutipnid
Yhpwnynn bwiuwgdwihu dwdybinubiph hhduwynpywdnyeniup:

Lbnwgnunygyniup hpdujwd £ punpdwd  dpgnypwiht pupwgwlywnpgbph,
twhuwgdwiht - woluwwnwupubph  wnbinnnygjwu - unpdwwpdubph b dwutwghwnwwu
inbuwuyniuhg hhduwynpguwsd bwfuwgdwihu dwdytiinubiph hwdbdwwnwywu Jbipindniejut
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Jpw: dwdybnubph ninpnwyph  hwdbdwunnyeiniuhg  pwgh  dowldt) £ Gwfuwgdtiph
pwpnhypjwl  quwhwwndwu  dninbgnd, npp hhdudws £ puwlywduwiptph  pwuwyh,
funnnquiywpwptiph Bplwpnyejui, — gppunniuhs  Yunnygubiph,  wndwwluwywutiph,
Ywipquiynphg gpwidpwiptiiph W oph dwippdw Yuywuph wnlwjnysjwt Ypw: Unwgwiplynn
dninbignidt ogunwgnpddtp £ quwhwwnbiint hwdwp, pE nppwund Gu  dpgnipwiht
thwunwpenpebpny  vwhdwudwsd  twhuwgdwiht  dwdlbiwmubpp  hwdwwwunwufuwunid
Uwfuwgdtph hpwlwuwgdwu hwdwp wuhpwdbon hudbubipwlwt wyfuwwnmwdwywihu:

Upryniupubipp gnyg indbght dpgnipwjhtu b unpdwinhy bwjuwgdwihtu dwdybuinubiph
dholl. wnyw twlwu  wuhwdwwwwwufuwunyenwubpp:  NwnwWtwuppdws  pwqdwehy
nbwpbpnd  bwhuwgdwht - woluwwnwuptbph  hpwlwiwgdwt  hwdwp  uwhdwudb] Gu
punwdbup 20-30 opw dwdytinubip, dhugnbn  hwdwwywwnwufuwt  Unpdwunpy Yud
dwutwghwnwywunpbu hhduwdnpywd inlinnniginiuttipp Yuqdb| tu 90-120 op: Unwudhu
twhuwagdtpnd wpdwuwagpywsd otinnwdubipp hwubs Gu 75-83 %-h: Ybipinidnieyniup twl gnyg
wnytig, np bwlwunpbu twppbip pwpnnygjwu dwwpnuyubip niubignn bwfuwgdtiph hwdwp
hwowfu uwhdwuyb) Gu unyu Yud dhdjutg dnn bwfuwgdwihu dwdybwnubp, husp yyuynwd
E, np Uwfuwgdtiph pwpnnyeniup  hwdwlwpgywd duny sh ubipwnynid dwdybinmubipp
uwhdwudwt gnpdpupwgntd:

Unwgywd wpryntupbpp gnyg U wwihu, np whiwgdwht  dwdlbunubph
uwhdwudwt gnpdnn dnuinbignidubpp pwywpwp swihnd sGU wpunwgnind bwuwgdtiph
Uwuwwwunpwunmdwt hwdwp wuhpwdbon hudbubpwlwu woluwwmwuptbph dwywiu nt
pwpnnusjntup:  LbGnwgnunyejwt - wpryntupubpp  pny; Gu - wwihu  Ggpulwgub, np
Uwfuwqgdtiph pwpnniejwt swithwupoubph Ubpwnnwip b bwjuwgdwiht woluwwnwupubiph
nlnnnigjwt Unpdwunphyubph wnwyb) wju 4hpwnnwdp Yupnn Gu bywuwmnb| bwiuwgdwiht
thwuwnwenpbph npwyh pwpdpwgdwup, dSpwapbph hpwlwuwgdwu nhulbiph tjugqbgdwup
W opwjht tupwlwnnigwdpubiph npnpunnd whmwlwu qunwiubph wpryniuwybunniejwu
pwndpwgdwun:

Pwbwih pwnbp wbunwlwu qunuiubp, twhwgdwhtu dwdlbun, uwjuwgdtiph
pwpnnyntt,  gpwdwwmwlwpwpdwu  hwdwywpgbp,  nnngdwu  hwdwlwpgbp,
Gupwlwnnigjwdputiph wjwuwynpnw, hudbubpwlwi bwiuwgdnwd, <wjwunwl:

BPEMEHHBIE OI'PAHUYEHUSA KAK PUCK-®AKTOP ITPU ITPOEKTUPOBAHUU
CUCTEM BOAOCHABXXEHUWSA U OPOLLHEHUSA

2.10. Tajcran

Hnucmumym 600HbIX npobiem u cudpomexnuku um. axao. U.B.Eeuazaposa

O60CcHOBaHHOE ONpEJENICHNE MPOJOIKUTEILHOCTH TPOEKTHBIX paboT sBIsSETCS
BRXHBIM  DJIEMEHTOM IIJJAHUPOBAaHUS HMHQPACTPYKTYPHBIX IPOEKTOB M  OKa3bIBAaeT
HETOCPEACTBEHHOE BIIMSHUE Ha KadecTBO, HAAEXKHOCTb M A(PPEKTUBHOCTb HNOATOTOBKU
npoekToB. B mocienHue roasl Bce Ooliblliee BHUMAaHME YNENSETCS JTOCTaTOYHOCTH CPOKOB
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MPOEKTUPOBAHMSI, YCTAHABIMBAEMBIX B paMKax MpPOLEAYp TOCYJapCTBEHHBIX 3aKYIOK,
0COOEHHO JJIsl TEXHUYECKHU CIOKHBIX OOBEKTOB BOJOXO3SIMCTBEHHONH HHEOPACTPYKTYPHI.
Ilenbto  HACTOSILIErO  MCCIENOBAHUS  SBISIETCS  OLEHKAa OOOCHOBAaHHOCTH  CpPOKOB
IIPOEKTUPOBAHMS, IPUMEHSAEMBIX IIPU FOCYJAPCTBEHHBIX 3aKyNKaX yCIYT 110 IPOEKTUPOBAHUIO
CHCTEM BOJIOCHAOXeHUS U opolieHus B PecriyOmnmke ApmeHust.

HccnenoBanre OCHOBAaHO Ha CPAaBHUTEIBHOM aHAJIU3€ OTAEIBHBIX MIPOLENYP 3aKYIIOK,
HOPMAaTUBOB TPOJIOJDKUTEIIBHOCTH MPOEKTHBIX PAabOT U MpOQecCHOHANBHO O00OCHOBAaHHBIX
CpoKkoB npoekTupoBanus. [lToMmumo npsiMoro cpaBHeHUs CPOKOB Obllla pa3paboTaHa METOIMKA
OLICHKH CIIO)KHOCTH IPOEKTOB, OCHOBaHHas HAa TaKUX TEXHUYECKUX IOKa3aTelnsX, Kak
KOJMYECTBO OOCTYKHMBAEMBIX HACEICHHBIX IYHKTOB, MPOTSHKEHHOCTh TPyOOIpPOBOIOB,
HaJIMYue BOJ03a00PHBIX COOPYKEHUH, HACOCHBIX CTAHIIMM, PETyJUPYIOLIUX PE3EPBYapoOB U
BOJIOOYMCTHBIX COOpykeHMM. [IpennoKeHHbId TMOAXOJA HCIOJb30BAJICA I OUEHKHU
COOTBETCTBUSI CPOKOB IPOEKTUPOBAHUS, YCTAHOBJIEHHBIX B 3aKyNOYHOM JOKYMEHTallUH,
00BEMY WHKCHEPHBIX padO0T, HEOOXOIMMOMY JIJISl pEeaTH3aI[IH IPOCKTOB.

Pe3ynbTarhl MccnenoBaHus BBISIBUIM CYIIECTBEHHBIC PACXOXKIACHHUS MEXAY CPOKaMu
MIPOEKTUPOBAHMSI, YCTAHOBICHHBIMU KOHKYPCHOH JOKyMEHTAllMel, U HOPMATHUBHBIMH JTHOO
npodeccnoHanTbHO OOOCHOBAaHHBIMU CpOKaMH. BO MHOTMX pacCMOTPEHHBIX clydasx Ha
BBITIOJTHEHUE MPOEKTHBIX paboT oTBOAMIOCH uilbh 20—30 AHEl, Toraa Kak COOTBETCTBYIOIIAs
HOpMaTUBHas WIK NpoecCHOHaTIbHO 000CHOBAaHHAs MPOAOIKUTENBHOCTh cocTaBisia oT 90
1o 120 gueit. B psine mpoekToB OTKJIOHEHUs qocTurainu 75—83 %. AHanu3 Takke mokasal, 4To
JUIS. TIPOEKTOB C CYIIECTBEHHO PA3JIMYHBIM YPOBHEM CJIOXHOCTH HEPEIKO YCTaHaBJIUBAIUCH
OJINHAKOBbIE WM OJIM3KHE CPOKH IMPOEKTUPOBAHMS, YTO CBHJIETEIHCTBYET 00 OTCYTCTBUU
CHUCTEMATUYECKOr'0 Y4eTa CI0KHOCTH ITPOEKTa IIPU ONPEIEIIEHUN CPOKOB.

ITosrydeHHBIE pe3yIbTaThl HOKA3bIBAIOT, YTO CYIECTBYIOINN NOAX0/ K YCTaHOBIIEHUIO
CPOKOB MPOEKTHUPOBAHUS HEJOCTATOYHO OTPAXKAET 00BEM U CIIOKHOCTh MHXKEHEPHBIX PadoT,
HEOOXOIUMBIX JJIsl TOATOTOBKH MPOEKTOB. ClenaH BBIBOJA O TOM, YTO BKJIFOUEHUE KPUTEPHUEB
CJIO)KHOCTH MPOEKTOB M 0ojiee MIMPOKOE MPUMEHEHHE HOPMATHUBOB MPOJIOJIKUTEIBHOCTH
MIPOEKTHBIX padOT MOTYT CIIOCOOCTBOBATH MOBBIIIEHUIO KAYECTBA MPOEKTHON IOKYyMEHTAIINH,
CHIDKEHHIO PUCKOB pealn3alii IPOeKTOB U MOBBIIIEHUIO 3()(PEKTUBHOCTH rOCYAaPCTBEHHBIX
3aKyTOK B chepe BOJOXO03AUCTBEHHOW HH(PACTPYKTYPHI.

Knwueevie cnosa: TOCYJapCTBCHHBIC 3aKYIIKHW; CPOKH IPOCKTUPOBAHUA; CIIOKHOCTb
IMPOCKTOB;, CHUCTCMBbI BOI[OCHa6)KCHI/IH; OPOCUTCIIBHBIC  CHUCTCMBI; I/IH(I)paCTp}/KTypHOC
ITaHUPOBAHUC,; HHIKCHCPHOC IIPOCKTUPOBAHUC, ApMeHI/I}I.
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Abstract

The Access to drinking water is increasingly recognized as one of the most important
global development challenges of the twenty-first century. Although the human right to
drinking water has been formally recognized by the international community, significant
inequalities in drinking water accessibility continue to exist across countries and regions.
Climate change, uneven distribution of freshwater resources, infrastructure limitations,
financial constraints, and demographic pressures are further increasing the complexity of this
challenge. This study examines the limitations of the traditional national-responsibility model
for ensuring universal access to drinking water and explores the need for broader international
cooperation mechanisms. Particular attention is given to the South Caucasus region and
Armenia as examples of territories where long-term drinking water accessibility may be
affected by environmental, infrastructural, and climatic factors. The strategic role of Lake
Sevan as a potential long-term freshwater reserve is also discussed. Based on the analysis, the
study proposes a new conceptual framework, the Global Drinking Water Accessibility Principle
(GDWAP), which seeks to integrate national responsibility with international solidarity. The
proposed principle is founded on five core pillars: sustainable water resource development,
drinking water conservation and efficiency, technology transfer and knowledge sharing,
international financial solidarity, and shared responsibility for universal access to drinking
water. The study argues that future water policies should increasingly emphasize cooperation,
long-term resource preservation, and coordinated international support mechanisms in order to
improve drinking water accessibility and strengthen global water resilience.

Keywords: drinking water accessibility; water security; international solidarity;
GDWAP; water governance; Lake Sevan; South Caucasus; sustainable development.

Introduction

Access to safe and sufficient drinking water is increasingly recognized as one of the
most fundamental prerequisites for human well-being, public health, and sustainable
development. Although water has traditionally been regarded as a natural resource and an
economic good, its role extends far beyond purely economic considerations. Access to drinking
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water directly affects human survival, health, food security, education, economic productivity,
and social stability [1,2]. The recognition of water as a fundamental human right represents one
of the most significant developments in international water policy during the twenty-first
century. In 2010, the United Nations General Assembly explicitly recognized the human right
to safe and clean drinking water and sanitation, affirming that access to sufficient, safe,
acceptable, physically accessible, and affordable water is essential for the full enjoyment of life
and all human rights [3]. This position was subsequently reinforced through various
international frameworks, including the Sustainable Development Goals (SDGs), particularly
Goal 6, which seeks to ensure the availability and sustainable management of water and
sanitation for all by 2030 [4].

Despite substantial progress in water infrastructure development, access to drinking
water remains highly unequal across the world. According to recent international assessments,
billions of people continue to experience periodic or permanent limitations in access to safely
managed drinking water services [5]. These disparities are particularly pronounced in low-
income countries, arid and semi-arid regions, small island states, and areas affected by conflict,
climate change, or weak institutional capacity [6].

The growing gap between water demand and available freshwater resources has
transformed drinking water from a local service-delivery issue into a matter of global concern.
Climate change, population growth, urbanization, pollution, and increasing competition among
water users are intensifying pressures on freshwater systems worldwide [7,8]. Consequently,
ensuring universal access to drinking water can no longer be viewed solely as a national
responsibility but increasingly requires international cooperation and collective action.

From this perspective, access to drinking water should be considered not only a technical
or economic challenge but also an ethical, social, and global development imperative. The
principle that every individual should have reliable access to sufficient drinking water
regardless of geographical location or economic circumstances provides an important
foundation for rethinking existing approaches to water governance and international
cooperation.

Global Inequality in Access to Drinking Water

Despite the recognition of access to drinking water as a fundamental human right, the
availability of safe and reliable drinking water remains highly uneven across the world.
Significant disparities exist not only between developed and developing countries but also
among regions within the same country. These inequalities are influenced by climatic
conditions, geographical location, economic capacity, institutional effectiveness, infrastructure
development, and political stability [9,10].

Sub-Saharan Africa remains one of the regions most affected by inadequate access to drinking
water. Millions of people continue to rely on unimproved water sources, while rapid population
growth and climate variability further increase pressure on already limited water resources [11].
Similar challenges are observed in parts of the Middle East and North Africa, where extremely
low renewable water availability has led to chronic water scarcity and increasing dependence
on desalination and water imports [12].

In Central Asia, growing competition among agricultural, industrial, and domestic water users
has intensified concerns regarding long-term water availability. Transboundary river systems,
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aging infrastructure, and climate-related reductions in glacier resources are expected to increase
future water stress throughout the region [13].

Small island developing states face additional challenges associated with limited freshwater
resources, saltwater intrusion, and vulnerability to extreme weather events. Many such
countries depend heavily on rainfall harvesting, groundwater abstraction, or costly desalination
technologies to satisfy drinking water demand [14].

Recent global assessments indicate that water scarcity is no longer confined to traditionally arid
regions. Climate change, population growth, urbanization, pollution, and increasing water
demand are contributing to growing water stress in many parts of the world, including regions
previously considered relatively water-secure [8,15].

These findings demonstrate that access to drinking water is influenced not only by natural
resource availability but also by economic, technological, and institutional capacities.
Consequently, the persistence of large disparities in drinking water access raises important
questions regarding the adequacy of existing governance mechanisms and the distribution of
responsibilities for ensuring universal access to drinking water.

Limitations of the National Responsibility Model

The prevailing approach to drinking water governance is largely based on the principle
of national responsibility. Under this model, individual states are expected to develop, finance,
operate, and maintain the infrastructure necessary to provide their populations with adequate
drinking water services. While this approach has achieved significant successes in many
countries, it also exhibits important limitations when applied to regions facing severe water
scarcity, limited financial resources, or unfavorable geographical conditions [16,17].

The distribution of freshwater resources across the world is highly uneven. Some
countries possess abundant renewable water resources that significantly exceed domestic
demand, whereas others face chronic water deficits resulting from climatic, hydrological, and
geographical constraints [18]. Consequently, the ability of governments to ensure universal
access to drinking water is often influenced not only by political commitment and institutional
effectiveness but also by factors beyond their direct control.

Economic disparities further complicate the situation. The construction of reservoirs,
water-transfer systems, desalination facilities, treatment plants, and distribution networks often
requires substantial capital investments that exceed the financial capacities of many low-income
countries [19]. As a result, populations living in water-deficient regions may experience
persistent limitations in access to drinking water despite the existence of internationally
recognized human rights obligations.

Climate change introduces an additional layer of uncertainty. Increasing drought
frequency, declining snow and glacier resources, changing precipitation patterns, and growing
competition among water users are expected to intensify water stress in many regions during
the coming decades [20]. Under such conditions, reliance exclusively on national resources and
national financing mechanisms may prove insufficient for ensuring universal access to drinking
water.

These considerations suggest that the traditional national-responsibility model, while
necessary, may no longer be sufficient as the sole framework for ensuring universal access to
drinking water. As water scarcity increasingly becomes a global challenge, greater international
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cooperation and shared responsibility mechanisms may be required to complement national
efforts.

From National Responsibility to International Solidarity

The recognition of access to drinking water as a fundamental human right raises an
important question regarding the distribution of responsibilities for ensuring that right. While
national governments remain the primary actors responsible for providing drinking water
services to their populations, the growing scale and complexity of global water challenges
suggest that exclusive reliance on national efforts may no longer be sufficient in all
circumstances [21,22].

The availability of drinking water is influenced by factors that frequently extend beyond
national boundaries. Climate change, transboundary river systems, regional droughts,
migration, economic inequalities, and technological disparities increasingly shape the capacity
of countries to secure reliable water supplies for their populations [23]. Consequently, access
to drinking water should not be viewed solely as a domestic policy issue but also as a matter of
international concern.

The concept of international solidarity has already been applied in various fields of
global development, including public health, food security, disaster response, and climate
adaptation [24]. Similar principles may be relevant for addressing growing inequalities in
access to drinking water. Under such an approach, countries possessing greater financial,
technological, and institutional capacities could contribute to improving drinking water access
in water-deficient regions through investment, technology transfer, capacity building, and
infrastructure support.

Importantly, international solidarity does not imply replacing national responsibility.
Rather, it represents a complementary mechanism designed to assist countries facing structural
constraints that cannot be overcome solely through domestic efforts. In this context, the
objective is not the redistribution of water resources themselves, but the strengthening of global
capacities to ensure universal access to drinking water.

Based on the above considerations, this study proposes a new conceptual framework,
termed the Global Drinking Water Accessibility Principle (GDWAP), aimed at
strengthening universal access to drinking water through the integration of national
responsibility and international solidarity mechanisms.

Conflict Setting

Despite the international recognition of access to drinking water as a fundamental
human right, hundreds of millions of people continue to experience inadequate or unreliable
access to drinking water. At the same time, the natural distribution of freshwater resources,
financial capacities, technological capabilities, and institutional effectiveness remain highly
uneven across countries and regions. As a result, the ability to ensure universal access to
drinking water is often determined not only by national efforts but also by factors beyond the
control of individual states.

This situation creates a fundamental contradiction between the universal nature of the
right to drinking water and the predominantly national mechanisms currently responsible for its
implementation. The present study addresses this contradiction by exploring whether the
traditional national-responsibility model remains sufficient under conditions of increasing
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global water stress and by proposing a conceptual framework based on international solidarity
and shared responsibility for improving universal access to drinking water.

Research Results

Drinking Water Accessibility Challenges in the South Caucasus

The South Caucasus is characterized by significant geographical, climatic, and
hydrological diversity. Although the region possesses considerable freshwater resources
compared with many arid parts of the world, access to reliable drinking water remains uneven
across countries and communities. The growing impacts of climate change, demographic
pressures, and infrastructure limitations increasingly challenge the long-term sustainability of
drinking water supply systems throughout the region.

Mountainous regions generally receive higher levels of precipitation and generate most
of the surface runoff, while many lowland and densely populated areas depend on complex
water-supply systems and long-distance water transfers. Consequently, the physical presence
of water resources does not always guarantee reliable access to drinking water for local
populations, particularly during dry periods and years characterized by hydrological extremes.
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Fig 1. Comparative Indicators of Drinking Water Accessibility in the South Caucasus

Climate change is expected to become one of the most significant drivers of future
drinking water challenges in the South Caucasus. Rising temperatures, changing precipitation
patterns, increasing drought frequency, and the gradual reduction of snow and glacier resources
may alter the hydrological regimes of many river basins. These processes are likely to increase
seasonal variability in water availability and reduce the reliability of traditional drinking water
sources in several parts of the region.
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In addition to natural and climatic factors, the region faces significant infrastructure-
related challenges. Many water-supply systems were constructed decades ago and now operate
with varying degrees of physical deterioration. Water losses, insufficient investment in
maintenance and modernization, and limited financial resources in certain areas reduce the
overall efficiency of drinking water supply systems and increase vulnerability to future water
shortages.

Another important challenge arises from the transboundary nature of many water
resources within the South Caucasus. Major rivers and watersheds frequently cross national
borders, creating interdependencies among countries and increasing the importance of regional
cooperation in water-resource management. Under conditions of growing water demand and
climate uncertainty, effective coordination among neighboring countries may become
increasingly important for maintaining long-term drinking water accessibility and regional
water stability.

Taken together, these factors demonstrate that future drinking water accessibility in the
South Caucasus cannot be evaluated solely on the basis of available water volumes. Equal
attention must be given to climate resilience, infrastructure reliability, water-management
efficiency, and long-term strategic planning. Consequently, the region provides an important
example of how drinking water accessibility is increasingly becoming a multidimensional
challenge that requires integrated solutions extending beyond traditional water-resource
assessments.

The Fig. 1 illustrates substantial differences in renewable freshwater resource
availability among the South Caucasus countries. Georgia possesses significantly higher per-
capita freshwater resources than Armenia and Azerbaijan, highlighting the unequal natural
distribution of water resources within the region.

The comparison reveals that water availability alone does not determine drinking water
accessibility. Georgia possesses the highest renewable freshwater resources per capita in the
region, yet experiences the highest water losses and does not demonstrate the highest level of
safely managed drinking water services. Conversely, Armenia achieves the highest drinking
water accessibility despite significantly lower per-capita water resources. These findings
indicate that infrastructure performance and management efficiency play a critical role in
determining actual drinking water accessibility.

The comparison reveals that water availability alone does not determine drinking water
accessibility. Georgia possesses the highest renewable freshwater resources per capita in the
region, yet experiences the highest water losses and does not demonstrate the highest level of
safely managed drinking water services. Conversely, Armenia achieves the highest drinking
water accessibility despite significantly lower per-capita water resources. These findings
indicate that infrastructure performance and management efficiency play a critical role in
determining actual drinking water accessibility.

Armenia as a Case of Emerging Drinking Water Accessibility Challenges

Armenia is often regarded as a country relatively rich in freshwater resources due to its
extensive river network, numerous springs, groundwater reserves, and the presence of Lake
Sevan, one of the largest high-mountain freshwater lakes in the world. Nevertheless, the
availability of water resources at the national scale does not automatically guarantee equal and
reliable access to drinking water across all regions of the country. Significant differences in
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geographical conditions, settlement patterns, infrastructure quality, and local water availability
continue to influence drinking water accessibility in many communities.

At the same time, Armenia faces a number of challenges that may affect the long-term
sustainability of drinking water supply. Population decline in some rural areas, continued
migration toward urban centers, aging infrastructure, and increasing climate variability create
new pressures on existing water-management systems. In addition, the unequal spatial
distribution of water resources means that certain communities experience periodic difficulties
in securing reliable drinking water supplies despite the country's overall water-resource
potential.

Water losses within drinking water supply systems remain another important concern.
Although considerable improvements have been achieved in recent decades, physical losses,
leakage from aging networks, and operational inefficiencies continue to reduce the effective
availability of drinking water in certain areas. Consequently, improving infrastructure
performance may in some cases provide benefits comparable to the development of new water
sources, while requiring significantly lower environmental impacts and financial investments.

Climate change introduces an additional dimension of uncertainty for the future of
drinking water accessibility in Armenia. Rising temperatures, changes in precipitation patterns,
increasing evaporation rates, and potential reductions in snow accumulation may alter the
seasonal distribution of water resources. Under such conditions, ensuring long-term drinking
water accessibility will increasingly depend not only on the availability of water resources but
also on the capacity to store, manage, and utilize those resources efficiently and sustainably.

These circumstances highlight the importance of adopting a long-term strategic
perspective toward drinking water security in Armenia. Rather than focusing exclusively on
current water demand, future planning should consider the potential impacts of climate change,
demographic shifts, infrastructure aging, and increasing variability in water availability. In this
context, the protection and sustainable management of strategic water reserves become
increasingly important components of national water policy.

Lake Sevan as a Strategic Drinking Water Reserve for the Future

Lake Sevan occupies a unique position within the water-resource system of Armenia
and the South Caucasus. As one of the largest high-mountain freshwater lakes in the world, it
represents not only an important ecological and economic asset but also a strategic reserve of
freshwater with potential significance for future drinking water security. In the context of
increasing climate uncertainty and growing pressure on water resources, the long-term value of
Lake Sevan is likely to increase substantially.

Historically, Lake Sevan has played a critical role in Armenia's water management,
supporting hydropower generation, irrigation, fisheries, recreation, and ecosystem services.
However, future water challenges may require a broader strategic perspective. As climate
change increases the frequency of droughts and intensifies pressure on conventional water
sources, the role of large freshwater storage systems is expected to become increasingly
important for ensuring reliable drinking water accessibility.

From a long-term perspective, Lake Sevan may be viewed not only as a national water
resource but also as a strategic freshwater reserve whose significance could extend beyond
present-day economic functions. The preservation of its water quantity and quality should
therefore be regarded as an investment in future water security. Water resources that are
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available today may become substantially more valuable under future climatic and demographic
conditions, particularly in regions where alternative drinking water sources are limited or
increasingly vulnerable.

Historically, the long-term restoration target for Lake Sevan has been established at 1903.5 m
above sea level. However, previous scientific studies have suggested that the historical lake
level of 1915.57 m above sea level should be considered as a long-term strategic objective [26].

1917.5 According to these
o 191557 m

assessments, achieving this
level could create
approximately 22 km?3 of
additional freshwater
storage.  Such a reserve
would substantially
strengthen Armenia’s long-
term drinking-water security
T —— e and significantly increase the
- e o strategic value of Lake Sevan

within the South Caucasus region.
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Fig. 2 Existing and Proposed Strategic Water Levels of Lake Sevan
and Additional Freshwater Storage Potential

The comparison presented in Figure 2 demonstrates that the strategic importance of
Lake Sevan extends beyond its current ecological and economic functions. The potential
increase of approximately 22 km3 in freshwater storage highlights the considerable reserve
capacity that could be available under a long-term water-security perspective. In an era
characterized by increasing climate uncertainty, growing water demand, and rising pressure on
conventional water sources, such large-scale freshwater reserves may acquire exceptional
strategic significance. Consequently, the future management of Lake Sevan should be evaluated
not only from the perspective of present-day water use but also in terms of its potential
contribution to long-term drinking water accessibility and regional water resilience.

An equally important consideration is that the strategic value of Lake Sevan is
determined not only by the volume of stored water but also by the possibility of preserving that
resource for future generations. In a world where access to reliable drinking water is becoming
increasingly uncertain, the protection of major freshwater reserves should be viewed as a long-
term public investment rather than solely as a matter of current resource utilization. This
perspective emphasizes the importance of balancing present-day water demands with the
responsibility to maintain strategic reserves capable of supporting future societal needs.

The case of Lake Sevan illustrates a broader principle that may become increasingly
relevant in the twenty-first century: water resources should be evaluated not only according to
their current economic use but also according to their potential contribution to future drinking
water accessibility. As uncertainty regarding future water availability increases, the strategic
preservation of major freshwater reserves may become an essential component of long-term
water-security planning. This perspective provides an important link between national water-
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management policies and the broader concept of international responsibility for ensuring
universal access to drinking water. Beyond its national importance, Lake Sevan may also be
considered within a broader regional context. The South Caucasus is expected to experience
increasing pressure on water resources as a result of climate change, economic development,
and demographic transformations. Under such conditions, large freshwater reserves acquire
strategic significance that extends beyond administrative and sectoral boundaries.
Consequently, the long-term protection and sustainable management of Lake Sevan should be
regarded not only as a national priority but also as a contribution to regional water resilience
and future drinking water accessibility.

GLOBAL DRINKING WATER ACCESSIBILITY CHALLENGE

Water scarcity Climate change Population growth Inequality Weak governance

¥

Strategic
Freshwater
Reserves

Water Technology
Infrastructure Transfer
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Global Drinking
Water Accessibility
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Fig. 3 Conceptual Framework of the
Global Drinking Water Accessibility Principle (GDWAP)

The case of Lake Sevan illustrates a broader principle that may become increasingly
relevant in the twenty-first century: water resources should be evaluated not only according to
their current economic use but also according to their potential contribution to future drinking
water accessibility. As uncertainty regarding future water availability increases, the strategic
preservation of major freshwater reserves may become an essential component of long-term
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water-security planning. This perspective provides an important link between national water-
management policies and the broader concept of international responsibility for ensuring
universal access to drinking water. The analysis conducted in this study indicates that the
growing disparity between the universal recognition of the human right to drinking water and
the unequal capacity of countries to ensure that right requires a new conceptual approach.
Existing governance mechanisms remain predominantly based on national responsibility,
whereas many of the factors influencing drinking water availability, affordability, and
reliability increasingly operate at regional and global scales.

Based on the findings presented above, this study proposes the Global Drinking Water
Accessibility Principle (GDWAP) as a conceptual framework intended to complement existing
national approaches. The proposed principle is founded on the premise that universal access to
drinking water should be regarded not only as a national obligation but also as a shared
international responsibility. Under this approach, countries retain primary responsibility for
managing and developing their own water resources, while the international community
contributes through cooperation, financing, technology transfer, capacity building, and support
for sustainable water infrastructure development.

The proposed principle seeks to establish a balance between national sovereignty over
water resources and international solidarity in ensuring universal access to drinking water.
Rather than promoting the redistribution of water resources themselves, GDWAP emphasizes
the redistribution of opportunities, knowledge, technologies, and financial capacities necessary
to improve drinking water accessibility in water-deficient regions.

Relationship Between GDWAP and Existing International Frameworks.

The proposed Global Drinking Water Accessibility Principle (GDWAP) is intended to
complement rather than replace existing international water and development frameworks. The
principle is fully consistent with the human right to drinking water recognized by the United
Nations, Sustainable Development Goal 6 (Clean Water and Sanitation), and ongoing
international efforts aimed at improving water security and sustainable water management.
GDWAP expands these existing approaches by emphasizing the role of international solidarity
in addressing persistent inequalities in drinking water accessibility. While current frameworks
primarily define objectives and responsibilities, GDWAP highlights the need for enhanced
cooperation, technology transfer, financial support, and capacity-building mechanisms to help
achieve universal access to drinking water.

Consequently, the proposed principle should be viewed as a complementary framework that
strengthens and supports existing international initiatives rather than creating a parallel
governance structure.

Core Pillars of the Global Drinking Water Accessibility Principle
(GDWAP)

The proposed Global Drinking Water Accessibility Principle (GDWAP) is based on five
interconnected pillars intended to strengthen universal access to drinking water through
cooperation between national governments, international organizations, development
institutions, and the private sector.

Pillar 1 — Sustainable Water Resource Development.
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Countries should promote the sustainable development of available drinking water
resources, including groundwater, springs, rivers, reservoirs, rainwater harvesting systems,
desalination technologies, and water reuse where appropriate.

Pillar 2 — Drinking Water Conservation and Efficiency.

Reducing physical water losses, improving operational efficiency, promoting water-
saving technologies, and encouraging responsible water consumption are essential components
of long-term accessibility.

Pillar 3 — Technology Transfer and Knowledge Sharing.

Access to modern water-treatment technologies, monitoring systems, digital
management tools, and engineering expertise should be expanded through international
cooperation mechanisms.

Pillar 4 — International Financial Solidarity.

Water-deficient regions frequently face financial constraints that limit infrastructure
development. International financing mechanisms, development assistance programs, and
public-private partnerships can contribute to improving drinking water accessibility.

Pillar 5 — Shared Responsibility for Universal Access.

While national governments retain primary responsibility for drinking water provision,
the international community shares a collective responsibility to support efforts aimed at
ensuring universal access to drinking water, particularly in regions facing structural water
scarcity and limited development capacity.

Together, these pillars establish a framework that integrates local action with
international cooperation and provides a foundation for improving global drinking water
accessibility in a sustainable and equitable manner.

Implementation Mechanisms of GDWAP

The effectiveness of the proposed Global Drinking Water Accessibility Principle
(GDWAP) depends on the establishment of practical implementation mechanisms capable of
translating international solidarity into measurable improvements in drinking water
accessibility. The principle is intended to complement existing national water-management
systems rather than replace them. Accordingly, implementation should occur through
coordinated actions at local, national, regional, and international levels.

One of the primary implementation mechanisms involves the development of
sustainable water-storage infrastructure. In regions experiencing seasonal water availability, the
construction of reservoirs, rainwater harvesting systems, managed aquifer recharge projects,
and other storage facilities can significantly improve long-term drinking water accessibility.
Water that is available during wet periods should be conserved and strategically managed to
support populations during periods of scarcity.

A second mechanism concerns the reduction of water losses and the improvement of
water-use efficiency. In many countries, substantial volumes of treated drinking water are lost
through aging distribution systems, leakage, and inadequate management practices.
Investments in modern monitoring technologies, digital water-management systems, leakage
control programs, and infrastructure rehabilitation can substantially increase effective water
availability without requiring the development of additional water sources.

Technology transfer represents another important implementation pathway. Advanced
treatment technologies, desalination systems, smart monitoring tools, water-quality
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management systems, and engineering expertise are often concentrated in a relatively small
number of countries. International cooperation can facilitate the transfer of such technologies
and knowledge to regions facing water scarcity and limited technical capacity.

Financial cooperation constitutes a further essential component of GDWAP
implementation. International financial institutions, development banks, donor organizations,
climate-finance mechanisms, and public-private partnerships can support the construction of
critical drinking water infrastructure in regions where national resources are insufficient. Such
investments should be viewed not only as development assistance but also as contributions to
global stability, public health, and sustainable development.

Finally, the implementation of GDWAP requires strengthened international cooperation
and governance. Existing global initiatives related to water, climate adaptation, sustainable
development, and disaster-risk reduction provide a foundation upon which more coordinated
efforts to improve universal access to drinking water can be developed. In this context,
international solidarity becomes a practical instrument for addressing one of the most important
challenges of the twenty-first century.

Potential Benefits and Challenges of GDWAP

The proposed Global Drinking Water Accessibility Principle (GDWAP) offers several
potential advantages for improving universal access to drinking water. First, it expands the
traditional understanding of responsibility for drinking water provision by recognizing that
global water challenges increasingly require cooperative solutions. Second, it creates
opportunities for strengthening international partnerships aimed at improving water
infrastructure, technological capacity, and institutional development in water-deficient regions.
Third, it encourages a more efficient use of global financial and technological resources by
directing support toward areas where drinking water accessibility remains critically limited.

Another important benefit of the proposed principle is its compatibility with existing
international development frameworks. The objectives of GDWAP are consistent with the
Sustainable Development Goals, climate adaptation strategies, public-health initiatives, and
international efforts to reduce poverty and inequality. Consequently, the principle can
complement rather than compete with existing global development agendas.

At the same time, several challenges should be acknowledged. Differences in national
priorities, financial capacities, political interests, and governance systems may complicate the
implementation of international solidarity mechanisms. In addition, questions may arise
regarding the allocation of financial responsibilities, the measurement of effectiveness, and the
coordination of international support programs.

Another challenge concerns the balance between national sovereignty and international
cooperation. While countries retain sovereign rights over their water resources, effective
implementation of GDWAP requires the recognition that universal access to drinking water
represents a broader humanitarian and developmental objective extending beyond national
boundaries.

Despite these challenges, the increasing global importance of drinking water
accessibility suggests that the development of cooperative mechanisms may become an
essential component of future water governance. In this context, GDWAP should be viewed as
a conceptual framework intended to stimulate discussion and encourage the development of
practical approaches for improving universal access to drinking water.
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Conclusions
Access to drinking water has evolved from a purely technical and infrastructure-related
issue into a global development challenge closely linked to public health, social stability,
economic growth, and human well-being.
Despite the international recognition of access to drinking water as a fundamental human
right, significant inequalities in drinking water accessibility persist across countries and
regions due to differences in natural water availability, economic capacity, technological
development, and institutional effectiveness.
The analysis indicates that the traditional national-responsibility model remains necessary
but is increasingly insufficient as the sole mechanism for ensuring universal access to
drinking water under conditions of growing water scarcity, climate change, and global
interdependence.
The study demonstrates that many factors influencing drinking water accessibility,
including climate variability, transboundary water systems, technological disparities, and
financial constraints, extend beyond national boundaries and require cooperative responses.
To address these challenges, this study proposes the Global Drinking Water Accessibility
Principle (GDWAP), a conceptual framework that combines national responsibility with
international solidarity in support of universal access to drinking water.
The proposed principle is based on five core pillars: sustainable water resource
development, drinking water conservation and efficiency, technology transfer and
knowledge sharing, international financial solidarity, and shared responsibility for universal
access to drinking water.
Future international water policies should increasingly emphasize cooperation, capacity
building, sustainable infrastructure development, and coordinated financing mechanisms in
order to improve drinking water accessibility and support long-term global water resilience.
The proposed Global Drinking Water Accessibility Principle (GDWAP) should be viewed
as an initial conceptual step toward a broader framework of international water solidarity.
Future research should focus on developing the theoretical foundations of water solidarity,
capacity-based international responsibility, governance mechanisms, and implementation
pathways capable of strengthening universal access to drinking water at the global level.

Recommendations
Promote recognition of universal access to drinking water as a shared international
responsibility in addition to a national obligation.
Strengthen international financing mechanisms for drinking water infrastructure
development in water-deficient regions.
Expand technology-transfer programs and professional capacity-building initiatives in the
water sector.
Encourage investments in water-storage infrastructure, water-loss reduction, and efficient
water-use technologies.
Support further research aimed at developing quantitative indicators, assessment
methodologies, financing models, and practical implementation tools for the Global
Drinking Water Accessibility Principle (GDWAP).
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Promote comparative studies evaluating the role of strategic freshwater reserves, including
major lakes and reservoirs, in strengthening long-term drinking water accessibility under
climate-change conditions.
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BCEOBIIAS JOCTYIHOCTH MATHEBOM BOJIbl: OT HAIITMOHAJIBHOM
OTBETCTBEHHOCTH K MEXKJIYHAPOJHOMN COJIMIAPHOCTH

A.K. ApyTioHsIH

Hucmumym 600Hbix npobiem u eudpomexuuxuy um. axao. U.B.Eeuaszaposa

JlocTynm K TIMTHEBOM BOJIe BCE dYallle paccMaTpPUBAETCS KaK OJWH W3 BaKHEHIIMX
r1100anbHBIX BEI30BOB pa3Butus X X| Beka. HecMoTpst Ha TO, 4TO IpaBo yenoBeKa Ha MUTHEBYIO
BOAY OQUIIMAILHO MPU3HAHO MEXIYHAPOJHBIM COOOIECTBOM, CYIIECTBEHHBIE pa3luyus B
JOCTYITHOCTH MUTHEBOM BOJBI MO-TIPEKHEMY COXPAHSIOTCS MEXKIY CTpaHAMH M PETHOHAMHU.
H3meHeHne kiMMara, HEPaBHOMEPHOE pachpelelieHne IPECHOBOAHBIX  PECypCOB,
orpaHuueHus: UHPPACTPYKTyphl, (HDUHAHCOBBIE TPYIHOCTH U JeMorpaduvecKoe IaBlieHUE
JIOTIOJTHATEIBHO YCIIOKHSIOT PEIICHUE TAHHOW MPOOIIEMEI.

B HacrosmeM nuccieIoBaHUN pacCMaTPUBAIOTCS OTPAHWYCHUS TPATUIIHOHHON MOJICITH
HallMOHAJIBHOW OTBETCTBEHHOCTH 3a OOECIIEYEHHE BCEOOIEro J0CTyINa K MUThEBOM BOJE
000OCHOBBIBAETCS HEOOXOIMMOCTH 0Oo0Jiee IIMPOKUX MEXaHHU3MOB  MEXIYHApOJIHOTO
cotpyanndectBa. Ocoboe BHUMaHME yaenseTcs: pernony FHOxknoro KaBkasza u ApMeHUHU Kak
npuMepaM TEPPUTOPHUH, TNIe IOJTOCPOUYHAs JOCTYMHOCTh MUTHEBON BOABI MOXKET OKa3aThCs
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T0/] BO3/IEHCTBHEM DKOJIOTHUYECKUX, HHPPACTPYKTYPHBIX U KIIMMATHYECKUX (hakTopoB. Taxke
AHAIM3UPYETCsl CTpaTernveckas poib o3epa CeBaH KaK MOTCHIMAJIBHOTO JOJTOCPOYHOTO
pe3epBa NPECHOM BOJIBI.

Ha ocHOBe mpoBeEHHOTO aHAM3a MPEUIAracTCsl HOBasi KOHICTITYaIbHAsS MOJICIh —
[Mpuniun roobansHoM goctynmHocTH nuTheBoi Boasl (Global Drinking Water Accessibility
Principle, GDWAP), nampaBieHHass Ha HHTEIPAI[MI0 HAI[MOHAIBLHOW OTBETCTBEHHOCTH H
MEXIyHapOIHON CoMMaapHOCTH. [Ipe iaraeMplil IPUHITUIT OCHOBBIBAETCS HA IISATH KIFOYEBBIX
HAIPABJICHUAX: YCTONYMBOE pa3BHTHE BOIHBIX PECYpCOB, COXpaHeHHe U 3(deKTHBHOE
UCITIOJIb30BaHME MTUTHEBOM BOJIBI, TIEpeiadya TEXHOJIOTUI U 0OMEH 3HAHUSIMH, MEKTyHAPOIHASL
(vHAHCOBasI COJMIAPHOCTh, @ TAK)KE COBMECTHAs OTBETCTBCHHOCTh 3a OOCCIICUCHHUE
BCEOOIIETO IOCTYIA K IIUTHEBOM BOJIE.

B wucciieoBannn yTBEpIKIACTCA, 9TO Oyaymiast BOJHAs MOJMTHKA JOJKHA B OOJIBIICH
CTEINICHH OPUEHTHUPOBATHCS Ha COTPYIHHYECTBO, JOJITOCPOYHOE COXPAaHEHUE BOJHBIX PECYPCOB
U KOOPJAMHMPOBAHHBIE MEXaHM3Mbl MEXKIYHAPOJHON IMOJICPKKH, HAIlPABICHHBIE Ha
HOBBIIICHUE TOCTYITHOCTH ITUTHEBOM BOIBI M YKPEIUICHUE TII00AIbHOM BOAHONW YCTOWYHBOCTH.

Kntouesvie cnosa: [OCTyNMHOCTh TUTHEBOM BOJABI; BOAHAasS  O€30MACHOCTD;
MeXIyHapoaHas commnapaocts; GDWAP; ynpasnenue BogabiME pecypcamu; o3epo CeBan;
FOxnb1it KaBkas; ycToliunBoe pa3BUTHE.

Submitted on 16.02.2026
Sent for review on 18.02.2026
Guaranteed for printing on 15.06.2026

57



Bulletin Of High Technology N 2 (38) 2026.-pp.58-71. WATER SYSTEMS

V.R. Grigoryan

ECONOMIC AND INSTITUTIONAL MECHANISMS FOR ENVIRONMENTAL RISK
MANAGEMENT OF TAILINGS STORAGE FACILITIES

UDC - 556:711.554: 316.344.25

ECONOMIC AND INSTITUTIONAL MECHANISMS FOR
ENVIRONMENTAL RISK MANAGEMENT
OF TAILINGS STORAGE FACILITIES

Vahan R. Grigoryan

Institute of Water Problems and Hydro-Engineering
Named After I.V. Yeghiazarov

125/3 Armenakyan St., 0011, Yerevan

e-mail: vahan.gvr@gmail.com

ORCID iD: 0009-0003-2277-3055

Republic of Armenia

https://doi.org/10.56243/18294898-2026.2-58

Abstract

Tailings storage facilities (TSFs) are among the most hazardous anthropogenic
structures associated with the mining industry due to their potential long-term impacts on
surface water, groundwater, soil resources, ecosystems, and public health. Despite significant
technological advances in the design, construction, and operation of tailings facilities,
numerous environmental accidents continue to occur worldwide, demonstrating that
engineering solutions alone are insufficient without effective economic and institutional
management mechanisms. The objective of this study is to analyze the economic and
institutional instruments used for environmental risk management of tailings storage facilities,
evaluate their effectiveness, and identify opportunities for improving environmental safety.
Particular attention is given to the application of the Polluter Pays Principle and the User Pays
Principle, environmental charges and penalties, financial assurance mechanisms, as well as
monitoring and regulatory control systems. The analysis indicates that the safe and sustainable
operation of tailings facilities requires the integration of engineering, economic, and
governance measures within a comprehensive risk management framework. The study
concludes that strengthening financial accountability, improving environmental monitoring
systems, and enhancing institutional oversight can significantly reduce environmental risks
associated with tailings storage facilities and contribute to the long-term sustainability of
mining activities.

Keywords: tailings storage facility, environmental risk, mining industry, pollution
control, Polluter Pays Principle, financial assurance, environmental monitoring, institutional
governance.

Introduction

Mining is one of the strategic sectors of the global economy, providing essential raw
materials for industry, energy production, construction, and high-technology development. At
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the same time, the extraction and processing of mineral resources generate significant quantities
of waste, among which tailings and tailings storage facilities (TSFs) represent some of the most
hazardous components of mining activities [1-3].

Tailings storage facilities are complex hydraulic and geotechnical systems designed for
the containment of solid and semi-liquid wastes generated during mineral processing. One of
their key characteristics is their ability to exert environmental impacts not only during operation
but also for decades or even centuries after mine closure [3,4]. Heavy metals, sulfide
compounds, and other hazardous constituents contained in tailings may migrate into the
environment, causing contamination of surface water, groundwater, soils, and ecosystems [3].

Over recent decades, numerous major tailings dam failures have occurred worldwide,
resulting in significant environmental, social, and economic consequences. These incidents
have demonstrated that even under conditions of advanced engineering design and operational
practices, tailings safety remains one of the most critical challenges facing the mining industry.
International experience further indicates that risks associated with tailings facilities are
determined not only by technical factors but also by the effectiveness of management systems,
environmental oversight, and financial accountability mechanisms [2-4].

Water resource contamination is considered one of the most sensitive environmental
issues associated with tailings storage facilities. Acid mine drainage and metal-rich effluents
generated by mining activities can significantly deteriorate water quality and restrict the
availability of water resources for human and ecological use [3,5]. Consequently, international
environmental policy increasingly relies on economic regulatory instruments based on the
Polluter Pays Principle and the User Pays Principle [5].

Economic regulatory mechanisms include pollution charges, environmental penalties,
financial assurance systems, insurance instruments, and other economic incentives designed to
reduce adverse environmental impacts and ensure the availability of financial resources for
environmental restoration and remediation. However, the effective implementation of these
instruments requires reliable monitoring systems, environmental supervision, and efficient
institutional governance structures [5].

In the Republic of Armenia, mining constitutes an important sector of the national
economy, and several large tailings storage facilities are currently in operation. Therefore, the
implementation of effective environmental risk management systems for tailings facilities is
essential for both environmental protection and the sustainable development of the mining
sector. In this context, economic and institutional mechanisms capable of preventing,
mitigating, and controlling tailings-related environmental risks acquire particular significance.

Literature Review

The safe management of tailings storage facilities has become one of the most important
and widely studied topics in the mining sector during recent decades. Most research has focused
on structural safety, causes of failures, environmental impacts, and risk management
approaches associated with tailings facilities [3, 13-15, 19, 20].

Studies on the environmental impacts of tailings facilities indicate that mineral
processing residues may contain heavy metals, sulfide compounds, and other hazardous
substances capable of exerting long-term effects on surface water, groundwater, soils, and
ecosystems [3,15]. Research conducted by Golik and co-authors demonstrated that the
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environmental influence of tailings facilities often extends far beyond their immediate
boundaries due to the migration of contaminants through aquatic environments [3].

The investigation of tailings dam failures and their consequences occupies a prominent
place in international scientific literature. Studies by Rico and co-authors revealed that tailings
dam failures are primarily associated with design deficiencies, hydrological factors, operational
violations, and management shortcomings [13,14]. Similar conclusions were reached by Lin
and co-authors, who analyzed tailings dam failures across different regions of the world and
found that, in addition to technical causes, governance and regulatory deficiencies play a
significant role in accident occurrence [19]. The study conducted by Lyu and co-authors further
confirmed that tailings dam failures are generally caused by multiple interacting factors,
including engineering, organizational, and management-related components [25].

Particular attention has been devoted in recent years to the Mariana (Fund&o) and
Brumadinho tailings dam disasters in Brazil, which are considered among the largest
technological and environmental disasters in the history of the mining industry [16-18].
Investigations of these events demonstrated that even the application of advanced engineering
solutions cannot guarantee environmental safety in the absence of effective governance
systems, monitoring mechanisms, and accountability frameworks [16-18].

Research aimed at improving the technical safety of tailings facilities has emphasized
the application of innovative materials and technologies. Avanesyan demonstrated that the use
of polymer-mineral materials can improve the protective characteristics of tailings facilities,
reduce filtration losses, and enhance operational reliability [2]. Nevertheless, several authors
have emphasized that technical solutions alone cannot completely eliminate environmental
risks unless they are accompanied by effective economic and institutional management systems
[6,15,20].

International standards and guidelines play a significant role in contemporary tailings
management practices. The Global Industry Standard on Tailings Management (GISTM)
represents the most comprehensive international framework for tailings governance,
emphasizing risk assessment, transparency, stakeholder engagement, accountability, and long-
term responsibility throughout the entire life cycle of tailings facilities [6]. Similarly, the
guidelines developed by UNECE and ICMM highlight the importance of safety culture,
continuous monitoring, emergency preparedness, and preventive risk management measures
[8,21]. The literature concerning economic regulatory mechanisms is largely based on the
Polluter Pays Principle and the User Pays Principle [10,11]. OECD documents identify these
principles as fundamental economic instruments of environmental governance aimed at
internalizing environmental costs within production processes and natural resource utilization
activities [10,11]. Studies conducted by Tokmajyan, Markosyan, and Simonyan demonstrated
that environmental charges, penalties, and other economic instruments can function effectively
only when supported by reliable monitoring and enforcement systems [5].

Recent years have also witnessed increasing attention toward financial accountability
and financial assurance mechanisms. Studies conducted by the World Bank and the
International Institute for Sustainable Development (1ISD) indicate that environmental
insurance, reclamation funds, financial guarantees, and closure assurance instruments constitute
essential components of modern tailings governance. These mechanisms help ensure the
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availability of sufficient financial resources for mine closure, land reclamation, environmental
remediation, and long-term post-closure management activities [22—-24].

The literature review demonstrates that the majority of existing studies focus either on
the technical safety of tailings facilities or on the assessment of their environmental impacts.
Comparatively few studies examine economic and institutional mechanisms for environmental
risk management as an integrated system. In particular, limited attention has been devoted to
the interconnected assessment of financial accountability, environmental charges, monitoring
systems, regulatory oversight, and governance effectiveness within a unified conceptual
framework.

Consequently, there remains a significant need for an integrated approach that combines
engineering safety, economic regulation, financial responsibility, and institutional governance
within a single environmental risk management framework for tailings storage facilities.

Addressing this scientific gap constitutes the primary objective of the present study.

Conflict Setting

Despite substantial investments in engineering safety improvements, environmental
incidents associated with tailings facilities continue to occur worldwide, indicating that
technical measures alone are insufficient for ensuring long-term environmental protection. As
mining activities continue to expand, environmental risks associated with tailings storage
facilities are also increasing. Numerous cases of water, soil, and ecosystem contamination
continue to be reported in different countries despite advances in tailings design, construction,
and operational technologies.

At the same time, international literature remains primarily focused on engineering and
geotechnical aspects of tailings safety, whereas comparatively limited attention has been
devoted to economic and institutional mechanisms of environmental risk management. Existing
governance systems often fail to provide adequate prevention of environmental impacts,
effective compensation for environmental damage, and reliable long-term monitoring of
tailings-related risks.

Consequently, a contradiction emerges between the continuous improvement of
technical safety measures and the persistent occurrence of environmental impacts associated
with tailings storage facilities. This contradiction highlights the need for a more comprehensive
approach that integrates engineering solutions with economic regulatory instruments, financial
responsibility mechanisms, and institutional governance frameworks.

The objective of this study is to investigate the economic and institutional mechanisms
for environmental risk management of tailings storage facilities, analyze international
experience in their application, and identify opportunities for improving environmental safety
within the context of mining activities.

Research Results

Economic Instruments for Environmental Risk Management of Tailings Storage
Facilities

The analysis of international experience demonstrates that economic instruments
constitute one of the principal mechanisms for reducing environmental risks associated with
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tailings storage facilities. Unlike purely technical measures, economic instruments influence
the behavior of mining operators by creating financial incentives for pollution prevention,
environmental protection, and long-term responsibility.

Among the most widely applied economic mechanisms are environmental charges,
pollution fees, environmental taxes, financial assurance systems, reclamation funds,
environmental insurance schemes, and compensation mechanisms. These instruments are
generally based on the Polluter Pays Principle (PPP) and the User Pays Principle (UPP), which
seek to internalize environmental costs into mining activities and ensure that environmental
damage is not transferred to society.

The Polluter Pays Principle requires mining operators to bear financial responsibility
for environmental impacts resulting from their activities. In the context of tailings management,
this principle is implemented through environmental charges, penalties for regulatory
violations, compensation payments, and mandatory remediation obligations. International
experience indicates that properly designed pollution charges encourage companies to invest in
safer technologies and environmental protection measures, thereby reducing the probability of
environmental accidents.

The User Pays Principle complements the Polluter Pays Principle by ensuring that the
costs associated with the use of natural resources are incorporated into operational expenditures.
This mechanism contributes to more efficient resource utilization and supports the generation
of financial resources necessary for environmental monitoring, reclamation, and post-closure
management activities.

A growing number of countries have introduced financial assurance mechanisms
requiring mining companies to provide financial guarantees prior to project implementation.
These guarantees may take the form of reclamation bonds, trust funds, bank guarantees,
environmental insurance, or other financial instruments. Their primary objective is to ensure
the availability of sufficient financial resources for mine closure, rehabilitation, and
environmental restoration regardless of the future financial condition of the mining operator.

The analysis indicates that economic instruments are most effective when implemented
as part of an integrated environmental governance framework. Pollution charges alone are often
insufficient to prevent environmental damage unless accompanied by effective monitoring
systems, transparent reporting procedures, regulatory enforcement, and institutional
accountability mechanisms. Consequently, economic instruments should be considered not as
independent tools but as components of a broader environmental risk management system.

Institutional Mechanisms for Environmental Risk Management of Tailings
Storage Facilities

Institutional governance mechanisms play a crucial role in ensuring the environmental
safety of tailings storage facilities. International experience demonstrates that even the most
comprehensive systems of environmental charges and financial responsibility cannot
effectively manage tailings-related risks in the absence of reliable governance, monitoring, and
regulatory oversight mechanisms.

The institutional governance framework encompasses the activities of regulatory
authorities, environmental monitoring systems, inspection and enforcement mechanisms,
emergency preparedness programs, as well as instruments that ensure stakeholder participation
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and transparency. The integrated functioning of these components enables not only the response
to environmental problems after they occur but also the prevention of potential risks at an early
stage.

Environmental monitoring represents one of the most important institutional
instruments in tailings management. Monitoring systems are designed to continuously assess
the structural condition of tailings facilities, water quality, groundwater levels, soil
contamination, and other environmental indicators. Modern international standards
increasingly require real-time data collection and analysis, enabling the early detection of
hazardous trends and the prevention of potential accidents.

Regulatory oversight constitutes another fundamental element of institutional
governance. Government authorities are responsible for supervising the design, construction,
operation, and closure of tailings storage facilities. International studies indicate that a
significant proportion of tailings-related incidents are associated not only with technical
deficiencies but also with inadequate regulatory control, weak enforcement, and insufficient
compliance with environmental requirements. Consequently, the effectiveness of regulatory
oversight directly influences the level of environmental risk.

In recent years, increasing attention has been devoted to stakeholder participation and

transparency. International organizations and professional associations emphasize that
information regarding tailings management should be accessible to local communities, non-
governmental organizations, and other interested stakeholders. Enhanced transparency
contributes to stronger public oversight, increased trust, and earlier identification of potential
environmental risks.
Particular importance is also attached to the management of mine closure and post-closure
periods. Numerous studies have demonstrated that environmental risks associated with tailings
facilities often persist long after mining activities have ceased. For this reason, contemporary
institutional approaches require long-term monitoring programs, clearly defined post-closure
responsibilities, and organizational mechanisms capable of ensuring environmental protection
for decades following mine closure.

The analysis indicates that the effectiveness of institutional mechanisms largely
determines the overall success of environmental risk management in tailings storage facilities.
Even facilities characterized by advanced engineering design and adequate financial resources
may become sources of environmental hazards if effective monitoring, regulatory oversight,
accountability, and stakeholder engagement mechanisms are absent. Therefore, institutional
governance systems should be regarded as a fundamental component of environmental safety
and sustainable tailings management.

Integrated Framework for Environmental Risk Management of Tailings Storage
Facilities

The analysis of international experience indicates that neither economic instruments nor
institutional mechanisms alone are sufficient to ensure an adequate level of environmental
safety in tailings storage facilities. Economic instruments provide financial incentives for
environmental protection and responsibility, while institutional mechanisms establish the
governance structures necessary for monitoring, enforcement, and accountability.
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Consequently, effective environmental risk management requires the integration of these
mechanisms into a unified framework.

The proposed integrated framework is based on four interconnected pillars: economic
responsibility, financial assurance, institutional governance, and environmental monitoring.
The interaction among these pillars creates a comprehensive system capable of preventing
environmental impacts, minimizing risks, and ensuring long-term environmental protection
throughout the entire life cycle of a tailings storage facility.

The first pillar, economic responsibility, is founded on the Polluter Pays Principle and
the User Pays Principle. Through environmental charges, penalties, compensation payments,
and resource-use fees, mining operators are encouraged to reduce environmental impacts and
invest in safer technologies and management practices.

The second pillar consists of financial assurance mechanisms designed to guarantee the
availability of financial resources for mine closure, reclamation, environmental remediation,
and post-closure monitoring. Financial guarantees, environmental insurance, reclamation
bonds, and dedicated rehabilitation funds reduce the risk of transferring environmental
liabilities to governments or local communities.

The third pillar is institutional governance, which includes regulatory oversight,
compliance control, emergency preparedness, stakeholder engagement, and transparency
mechanisms. Effective governance ensures that environmental requirements are properly
implemented and continuously monitored throughout project development and operation.

The fourth pillar is environmental monitoring. Continuous monitoring of water quality,
groundwater conditions, soil contamination, structural stability, and ecological indicators
enables the early detection of environmental threats and supports timely corrective actions.
Modern digital monitoring technologies further enhance the effectiveness of risk management
systems by providing real-time information for decision-making.

The proposed framework emphasizes that environmental safety cannot be achieved
through isolated measures. Instead, sustainable tailings management requires the simultaneous
application of economic incentives, financial guarantees, institutional oversight, and
environmental monitoring. The integration of these components strengthens environmental
governance, reduces the probability of environmental accidents, and improves the long-term
sustainability of mining activities.

The results of the analysis suggest that the implementation of integrated environmental
risk management frameworks can significantly improve the environmental performance of
tailings storage facilities and contribute to achieving higher standards of environmental
protection and sustainable resource development.

A tailings facility operator should not be treated only as an ordinary taxpayer. In addition
to standard tax obligations, the operator should finance the environmental costs required to
prevent, monitor, control, and remediate both current and future risks generated by tailings
storage activities. In this context, environmental responsibility should be understood not as a
single payment or penalty, but as a structured system of financial obligations covering
monitoring, insurance, reclamation, emergency response, and damage compensation.

Based on the analysis conducted in this study, a conceptual environmental responsibility
model for tailings storage facility operators is proposed (Fig.). Unlike the conventional
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approach, which primarily relies on taxes, royalties, and permit fees, the proposed model
extends financial responsibility to include environmental monitoring, environmental insurance,
emergency preparedness, reclamation activities, post-closure management, and environmental
damage compensation. This approach seeks to ensure that both current and future
environmental costs associated with tailings storage facilities are borne by the operator rather
than transferred to society or future generations.

TAILINGS STORAGE FACILITY OPERATOR l’

ENVIRONMENTAL RESPONSIBILITY MODEL
(Proposed Approach)

=

CONVENTIONAL MODEL
(Current Practice)

Operator's financial responsibility is limited Operator sdditionally finances the full cycle of enviconmental
to standard payments to the state. risk management beyond standard payments
[ /". 3 \ /
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Figure 1. Comparisen of conventional and enviconmental responsibility models for tallings storsge facility operntors
The proposed model requines operators to finance environmental costs associated with the peevention, monitoring,
contrel, und remediation of current and future risks

Fig. Comparison of Conventional and Environmental Responsibility Models for Tailings
Storage Facility Operators

The proposed environmental responsibility model extends the financial obligations of
tailings storage facility operators beyond conventional taxes, royalties, and permit fees. In
addition to standard payments, operators are required to finance environmental monitoring,
environmental insurance, emergency preparedness, reclamation activities, post-closure
management, and environmental damage compensation. This approach aims to ensure that the
costs associated with the prevention, control, monitoring, and remediation of current and future
environmental risks are borne by the operator rather than transferred to society or future
generations.

Conclusions

This study investigated the economic and institutional mechanisms for environmental
risk management of tailings storage facilities, analyzed international experience in their
application, and evaluated opportunities for improving environmental safety within the context
of mining activities.
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The results demonstrate that the environmental safety of tailings storage facilities cannot
be ensured solely through engineering and technical measures. Despite significant advances in
tailings design, construction, and operational technologies over recent decades, environmental
incidents and major failures continue to occur worldwide, resulting in contamination of water
resources, soils, and ecosystems.

The literature review revealed that environmental risks associated with tailings facilities
are determined not only by technical factors but also by governance effectiveness, regulatory
oversight, financial accountability, and institutional performance. International experience from
major tailings disasters indicates that deficiencies in management and supervision frequently
constitute key contributing factors to environmental accidents.

The study confirms that the Polluter Pays Principle and the User Pays Principle represent
important economic instruments for environmental risk management in the mining sector.
Environmental charges, penalties, compensation mechanisms, and financial assurance
instruments can encourage more responsible environmental behavior and contribute to risk
reduction.

At the same time, the effectiveness of economic instruments largely depends on the
quality of institutional governance. Effective monitoring systems, regulatory oversight,
transparency, stakeholder participation, and accountability mechanisms are essential
prerequisites for ensuring environmental safety and reducing long-term environmental risks.

One of the principal outcomes of the study is the development of an integrated
environmental risk management framework and a conceptual environmental responsibility
model for tailings storage facility operators (Fig.). The proposed framework consists of four
interconnected components: economic responsibility, financial assurance, institutional
governance, and environmental monitoring. This approach enables tailings management to be
viewed as a unified system and enhances the overall effectiveness of environmental risk
management.

Based on the findings of the study, the following recommendations are proposed:

1. Strengthen the implementation of the Polluter Pays Principle within tailings management
systems.

2. Expand the application of financial assurance mechanisms and environmental insurance
instruments in mining projects.

3. Improve environmental monitoring systems through the adoption of modern digital
technologies and real-time data collection methods.

4. Enhance regulatory oversight and environmental auditing procedures.

5. Promote greater participation of local communities and civil society organizations in
environmental decision-making processes.

6. Develop long-term strategies for mine closure and post-closure management of tailings
facilities.

7. Implement integrated environmental risk management systems that combine technical,
economic, and institutional measures.

Overall, the study demonstrates that improving the environmental safety of tailings
storage facilities requires a comprehensive and multi-dimensional approach in which
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engineering solutions, economic responsibility, and institutional governance operate as
mutually reinforcing components of a unified environmental management system.
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IKOHOMUMYECKHUE U THCTUTYLHUOHAJIbBHBIE MEXAHHWU3MbI
YIHPABJIEHUSA 9 KOJOI'MYECKUMHU PUCKAMMU XBOCTOXPAHUJIMIIL

B.P. I'puropsin
Hucmumym 600HbIX npobiem u 2uopomexruku um. akao. M.B.Eeuasaposa

XBOCTOXpaHUWJIMILA OTHOCATCA K YMCITy HauOoJiee OMACHBIX TEXHOTEHHBIX OOBEKTOB
FOPHOJOOBIBAIOLIEN  MPOMBIIUIEHHOCTH,  CIHOCOOHBIX  OKa3blBaTh  JOJTOBPEMEHHOE
BO3/ICIICTBHE HA IOBEPXHOCTHHIE U INOA3EMHBIE BOJbl, IIOUBEHHBIE PECYPCHI, IKOCUCTEMBI U
310poBbe HaceneHus. HecMOTps Ha 3HAUMTENBHBIM TEXHOJIOIMUYECKUN IpOrpecc B 00JacTH
IPOEKTUPOBAHUS U HKCIUTyaTAallMM XBOCTOXPAHUIIMIL, BO MHOTUX CTpaHaX MUpPA MPOJOKAIOT
(bUKCUpPOBATbCA HKOJOIMUYECKHE aBapHUM, CBHUJETEJbCTBYIOLUIME O TOM, YTO TEXHMYECKHX
peleHnii  HefocTaToyHO 6e3 3()(EKTUBHBIX SKOHOMUYECKMX M HHCTUTYLHOHAJIBHBIX
MEXaHU3MOB ympasieHus. Llenbro ucciaenoBaHus SBISETCS aHAIM3 HKOHOMMUYECKUX U
MHCTUTYLIMOHAJIBHBIX UHCTPYMEHTOB yHpaBJIeHUs HKOJIOTHUECKUMHU pUCKamMu
XBOCTOXPAaHWIUII, OIEHKAa MX A(PQPEKTUBHOCTH W BBISBICHHE HANPABICHUN IOBBIMICHHUS
IKOJIOTHYECKOH Oe30macHoCTH. B paboTe paccMOTpeHBI MPUHIUIIBI «3arpsi3HUTENb IUIATHTY U
«I10JIb30BATENIb IUIATUT», CHCTEMbl SKOJIOIMYECKHMX IUIaTeXeW u 1TpadoB, MEXaHU3MbI
(UHAHCOBBIX TapaHTHUW, a TaKK€ HWHCTUTYLHUOHAJIbHbIE HMHCTPYMEHTHl MOHMUTOPHUHIA U
HKOJIOTUYECKOT0 KOHTpoJs. Pe3ynbraThl HcciaenoBaHMs MOKa3bIBAalOT, YTO Oe3omacHas
HKCIUTyaTalsi XBOCTOXPAHWIHI TpeOyeT KOMIUIEKCHOTO NPUMEHEHUs HHXEHEPHBIX,
HKOHOMHMUYECKUX U ympaBieHdeckux mep. OOOCHOBaHO, UYTO pa3BUTHE CUCTEM (PMHAHCOBOU
OTBETCTBEHHOCTH, HEMPEPHIBHOIO MOHUTOPUHTA U 3(PPEKTUBHOIO IKOJOTHUECKOro Haa30pa
CHOCOOHO CYIIECTBEHHO CHM3MTh JKOJOIMUYECKHE PHCKH, CBSI3aHHBIE C OJKCILTyaTaluen
XBOCTOXPAHUJIHILL.

Knrwuesvie cnoea. XBOCTOXPAHWIMILE, SKOJIOTMYECKMHA PHCK, TOPHOIOOBIBAIOLIAS
IPOMBIIIJICHHOCTb, KOHTPOJIb 3arpsi3HEHUs], IPUHLIUI «3arps3HUTENb IJIaTUTY», (PUHAHCOBBIE
rapaHTHUH, MOHUTOPHHT.
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Armenia possesses substantial drinking water resources, including high-quality
groundwater, springs, and mineral water reserves, which constitute an important component of
the country's environmental, economic, and strategic assets. At the same time, increasing
bottled water production, climate change, growing water demand, and the need to ensure long-
term water security are creating new challenges for the sustainable management of these
resources. Although Armenia is generally considered a water-rich country, the long-term
availability of drinking water cannot be assessed solely on the basis of current resource
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abundance. Strategic management requires the integration of climatic, environmental,
economic, and institutional factors that influence both water availability and resource
sustainability.

This study presents a comprehensive assessment of Armenia’s drinking water resources
and evaluates the interactions between climate change, bottled water production, and long-term
water security. The analysis is based on official statistical data, hydrological information,
climate indicators, and institutional documents describing water resource management and
bottled water production trends. The study examines recent changes in water abstraction,
production dynamics, resource utilization, and the potential impacts of climate variability on
drinking water resources.

Based on the identified challenges, the paper proposes an integrated strategic
management framework aimed at balancing economic development with long-term resource
conservation. The framework emphasizes sustainable groundwater management, climate
adaptation, protection of drinking water sources, improved monitoring systems, efficient
allocation of water resources, and evidence-based decision-making. The proposed approach
demonstrates that effective drinking water resource management should move beyond
traditional resource accounting and incorporate long-term resilience, ecosystem protection, and
adaptive governance.

The findings contribute to the development of sustainable water resource management
policies and provide practical recommendations for balancing bottled water production with the
preservation of Armenia's strategic drinking water resources under changing climatic
conditions.

Keywords: drinking water resources; strategic water management; bottled water
production; climate change; groundwater; water security; sustainable resource management;
Armenia.

Introduction

Freshwater resources are among the most valuable strategic assets for ensuring
sustainable development, protecting public health, supporting economic growth, and
maintaining ecosystem integrity. Although approximately 71% of the Earth's surface is covered
by water, less than 1% of global water resources is readily available as accessible freshwater
for human use. Rapid population growth, urbanization, industrial expansion, agricultural
intensification, and climate change are increasing pressure on freshwater resources worldwide,
making their sustainable management one of the most important global environmental
challenges of the twenty-first century.

Access to safe drinking water is internationally recognized as a fundamental human
right and constitutes a key component of the 2030 Agenda for Sustainable Development,
particularly Sustainable Development Goal 6, which calls for universal and equitable access to
safe and affordable drinking water. Nevertheless, ensuring long-term drinking water security
extends beyond guaranteeing present-day access. It also requires protecting water sources,
maintaining groundwater recharge, adapting to climate change, improving governance, and
balancing environmental, economic, and social interests over extended planning horizons.
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During the last decade, scientific attention has increasingly shifted from conventional
water resource development toward integrated strategic water resource management. This
transition reflects the growing recognition that countries possessing relatively abundant
freshwater resources are not immune to water-related risks. Climate variability, changing
precipitation regimes, increasing evaporation, groundwater depletion, pollution, and competing
water demands may gradually reduce the reliability of drinking water supplies even where
current resource availability appears sufficient. Consequently, modern water management
strategies increasingly emphasize long-term resilience, adaptive governance, and sustainable
resource management rather than the continuous expansion of water abstraction.

Armenia is among the countries endowed with substantial high-quality drinking water
resources, primarily supplied by groundwater aquifers, mountain springs, and mineral water
sources. These resources form the foundation of the country's drinking water supply system and
support a steadily expanding bottled water industry that contributes significantly to national
economic development and export growth. However, increasing water demand, climate-
induced hydrological changes, and the continued expansion of bottled water production are
creating new challenges for the long-term sustainability and strategic management of these
valuable resources.

Although numerous scientific studies have addressed Armenia's drinking water
resources, most have focused on individual aspects such as hydrogeological conditions, water
quality, water balance, water supply systems, or statistical assessments of bottled water
production. Comparatively few studies have comprehensively examined the interrelationships
among climate change, drinking water resource utilization, the expansion of bottled water
production, and long-term water security within a unified strategic management perspective.
Consequently, there is a clear need for an integrated strategic approach to the management of
Armenia’s drinking water resources that extends beyond conventional resource assessment and
incorporates long-term resource conservation, climate resilience, sustainable economic
development, and the safeguarding of water security.

Global Approaches to Drinking Water Resource Management

The management of drinking water resources has evolved considerably over the past
several decades in response to growing environmental, socio-economic, and climatic
challenges. Traditionally, water management policies primarily focused on expanding water
supply through the construction of reservoirs, groundwater abstraction systems, inter-basin
water transfers, and centralized distribution infrastructure. This engineering-oriented approach
was largely driven by the objective of meeting increasing water demand and supporting
economic development. However, the accelerating impacts of climate change, rapid
urbanization, population growth, environmental degradation, and increasing competition
among water users have demonstrated that expanding water supply alone is insufficient to
ensure long-term drinking water security [1,5,7].

These challenges have led to a gradual transition from conventional water resource
development toward integrated and strategic management approaches. One of the most
influential concepts introduced during this transition is Integrated Water Resources
Management (IWRM), which promotes the coordinated management of water, land, and related
natural resources to maximize economic and social benefits while preserving ecosystem
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sustainability. Since its introduction by the Global Water Partnership, the IWRM framework
has become one of the fundamental principles guiding national water policies and international
water governance. Complementary governance frameworks developed by the Organisation for
Economic Co-operation and Development have further emphasized transparency, institutional
coordination, stakeholder participation, accountability, and evidence-based decision-making as
essential elements of effective water governance [7-10].

In recent years, scientific and policy attention has increasingly shifted toward the
broader concept of water security, which extends beyond ensuring adequate water quantity and
quality. Contemporary approaches recognize that long-term drinking water security depends on
the resilience of water resources to climate change, the sustainability of groundwater recharge,
ecosystem protection, effective governance, adaptive management, and the capacity of
institutions to respond to emerging environmental risks. This transition is reflected in the United
Nations World Water Development Reports and the Sustainable Development Goal 6
framework, which advocate integrated management strategies capable of balancing
environmental sustainability, economic development, and social equity while strengthening
resilience to climate-related pressures [1-6,12-14].

Despite the substantial progress achieved in strategic water resource management
during the past two decades, existing international approaches primarily focus on integrated
governance, water-use efficiency, climate adaptation, and ecosystem protection at the general
water-resource level. Comparatively less attention has been devoted to the strategic
management of drinking water resources as a distinct category of national natural assets,
particularly in countries possessing abundant high-quality groundwater reserves and rapidly
expanding bottled water industries. Furthermore, limited emphasis has been placed on
balancing long-term drinking water security with the increasing economic utilization of potable
water resources. These knowledge gaps indicate the need for more specialized strategic
management approaches capable of integrating climate resilience, groundwater sustainability,
economic development, and long-term protection of drinking water resources within a unified
management framework.

Despite the significant progress achieved in strategic water resource management,
increasing scientific attention is now focused on understanding how climate change influences
the long-term sustainability of drinking water resources, thereby necessitating a more detailed
examination of climate-related impacts on water availability and security.

Climate Change and Drinking Water Resources

Climate change has emerged as one of the most significant challenges affecting the
sustainability of drinking water resources worldwide. Rising air temperatures, changing
precipitation patterns, increasing evapotranspiration, more frequent droughts, and the growing
occurrence of extreme hydrological events are altering the natural processes that regulate water
availability and groundwater recharge. These changes directly influence both the quantity and
quality of drinking water resources and increase uncertainty regarding their long-term
availability [1-6,12-14].

Numerous studies have demonstrated that groundwater systems, traditionally
considered more resilient than surface water resources, are also becoming increasingly
vulnerable to climate variability. Reduced recharge rates, prolonged dry periods, changing
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snow accumulation and snowmelt dynamics, and increasing abstraction pressures may
gradually diminish groundwater reserves and alter spring discharge regimes. Since groundwater
constitutes the principal source of drinking water in many countries, including Armenia, these
processes have become a major concern for long-term water resource planning and sustainable
management [3,11-14].

Beyond physical impacts on water availability, climate change also affects drinking
water quality through increased sediment transport, higher concentrations of dissolved
pollutants, changing hydrochemical conditions, and greater risks of contamination during
extreme hydrological events. Consequently, ensuring drinking water security increasingly
requires integrated monitoring systems capable of simultaneously evaluating hydrological,
hydrogeological, climatic, and water-quality indicators rather than relying on individual
environmental parameters [1-6,12-14].

Recent international research emphasizes that adaptation to climate change should
become an integral component of strategic drinking water resource management. Modern
adaptation measures include the protection of groundwater recharge areas, enhancement of
monitoring systems, improvement of water-use efficiency, diversification of drinking water
sources, development of climate-resilient infrastructure, and the incorporation of climate
projections into long-term water resource planning. These approaches contribute not only to
reducing climate-related risks but also to strengthening the resilience and sustainability of
national drinking water systems [1-6,9,12—14].

Despite considerable progress in understanding climate-related impacts on water
resources, most existing studies primarily assess the physical consequences of climate change
on hydrological systems. Comparatively limited attention has been devoted to evaluating how
climate change interacts with the expanding economic utilization of drinking water resources,
particularly bottled water production, and how these combined pressures influence long-term
strategic management and national water security. This issue is particularly relevant for
countries where drinking water resources represent both an essential public resource and a
growing economic asset.

Bottled Water Production, Groundwater Sustainability, and Research Progress in
Armenia

The global bottled water industry has experienced remarkable growth during the past
two decades, driven by increasing consumer demand for safe drinking water, urbanization,
changing lifestyles, and concerns regarding the quality of public water supplies. In many
countries, bottled water production has become an important economic sector, contributing to
employment, regional development, and export revenues. However, this rapid expansion has
also intensified scientific discussions regarding the long-term sustainability of groundwater
abstraction, protection of drinking water sources, and the need to balance economic
development with the conservation of strategic water resources [1-6].

Groundwater represents the principal source of bottled drinking water in most producing
countries. Although groundwater generally provides high-quality drinking water with relatively
limited treatment requirements, excessive abstraction may gradually exceed natural recharge
rates, resulting in declining groundwater levels, reduced spring discharge, ecosystem
degradation, and increasing vulnerability to climate variability. Consequently, international
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studies increasingly emphasize that bottled water production should be managed within the
broader framework of sustainable groundwater management and long-term water security
rather than solely through economic considerations [3,5,9,11-14].

Armenia possesses abundant high-quality groundwater resources and numerous natural
springs, creating favorable conditions for the development of bottled drinking water and
mineral water production. During recent decades, this sector has become an important
component of the national economy and has strengthened its position in international markets.
At the same time, the sustainable utilization of these resources has become an increasingly
important issue as climate change, growing water demand, and expanding economic activities
continue to increase pressure on strategic drinking water reserves.

Among the studies devoted to Armenia's drinking water resources, the work of
Markosyan et al. (2018) represents one of the first comprehensive assessments integrating
information on national drinking water resources with the country's bottled water production
and export potential [15]. The study demonstrated the significant availability of high-quality
drinking water resources in Armenia and highlighted their economic importance as a strategic
natural asset. It also emphasized the country's considerable opportunities for expanding bottled
water exports based on its favorable hydrogeological conditions.

Since the publication of that study, however, substantial changes have occurred. New
statistical data, advances in scientific understanding of climate change, evolving international
approaches to water security, growing bottled water production, and increasing attention to
sustainable groundwater management have considerably altered the context within which
Armenia's drinking water resources should be evaluated. These developments indicate that
previous assessments require further expansion toward integrated strategic management
approaches capable of simultaneously addressing climate resilience, groundwater
sustainability, economic development, and long-term drinking water security.

Conflict Setting

Despite the significant progress achieved in drinking water resource management during
recent decades, an important scientific contradiction remains unresolved. On the one hand,
countries possessing abundant high-quality drinking water resources are generally considered
to have a favorable long-term water security outlook. On the other hand, climate change,
increasing groundwater abstraction, expanding bottled water production, and growing socio-
economic demand are progressively altering the conditions under which these resources are
utilized and conserved. Consequently, resource abundance alone can no longer be regarded as
a sufficient indicator of long-term drinking water security.

This contradiction is particularly evident in Armenia. The country possesses substantial
reserves of high-quality groundwater and spring water, while bottled water production has
become an increasingly important economic sector. Simultaneously, climate change, changing
hydrological conditions, and increasing pressure on groundwater resources introduce new
uncertainties regarding the long-term sustainability of drinking water resources. These
interacting processes require a management approach that extends beyond conventional
resource inventories and production statistics.
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The analysis of the available scientific literature indicates that existing studies generally
examine hydrogeological conditions, water quality, climate impacts, groundwater utilization,
or bottled water production as separate research topics. Comparatively few studies have
attempted to integrate these components within a unified strategic management framework
capable of simultaneously evaluating climate resilience, groundwater sustainability, economic
development, and long-term drinking water security.

Accordingly, there is a need to develop a comprehensive strategic management
approach that considers drinking water resources not only as environmental assets but also as
strategic national resources requiring long-term protection, adaptive management, and
evidence-based policy development.

The objective of this study is to comprehensively assess the current status and
development trends of Armenia’s drinking water resources, evaluate the potential impacts of
climate change and bottled water production, and develop an integrated strategic management
framework that supports balanced decision-making between economic development,
conservation of drinking water resources, and long-term water security. The proposed
framework represents the principal scientific contribution of this study and is intended to
provide methodological support for strategic drinking water resource management in Armenia
and in other countries facing similar environmental and socio-economic challenges.

Materials and Methods

Study Area

The Republic of Armenia was selected as the study area because of its considerable
reserves of high-quality drinking water resources, extensive groundwater systems, numerous
mountain springs, and well-developed bottled water industry. These characteristics make
Armenia an appropriate case for evaluating the interactions among climate change, drinking
water resource utilization, economic development, and long-term water security. Particular
attention was given to groundwater resources, which constitute the principal source of drinking
water for both public supply and bottled water production.

Data Sources

The study was based on the integration of multiple data sources, including official
statistical publications of the Statistical Committee of the Republic of Armenia (ArmStat),
reports of the Ministry of Environment, national water cadastre information, hydrogeological
and climatic datasets, and international publications issued by UNESCO, UN-Water, the World
Meteorological Organization (WMO), the Intergovernmental Panel on Climate Change (IPCC),
the Organisation for Economic Co-operation and Development (OECD), and the World Bank.
Data covering the period 2018-2025 were used to evaluate recent developments in drinking
water resources, bottled water production, groundwater utilization, and climate-related
indicators.

Research Methodology

The research employed an integrated methodological approach combining literature
review, statistical analysis, comparative assessment, trend analysis, hydrogeological evaluation,
climate assessment, and policy analysis. Temporal trends in drinking water resource utilization
and bottled water production were analyzed using official statistical data. Climate-related
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influences were evaluated through the assessment of temperature and precipitation trends
together with internationally recognized climate reports. Comparative analysis was applied to
identify relationships among climate change, groundwater sustainability, bottled water
production, and long-term drinking water security. The results of these analyses were
synthesized to identify the principal strategic challenges affecting drinking water resource
management in Armenia.

Development of the Strategic Drinking Water Resource Management Framework

Based on the identified scientific gaps, literature review, statistical evaluation, climate
assessment, and policy analysis, a Strategic Drinking Water Resource Management Framework
(SDWRMF) was developed. The framework integrates four interrelated components: (i)
assessment of drinking water resource availability and sustainability; (ii) evaluation of climate-
related pressures and groundwater resilience; (iii) assessment of economic utilization, including
bottled water production; and (iv) strategic management and policy decision-making. The
proposed framework provides a systematic methodology for evaluating drinking water
resources as strategic national assets while simultaneously considering environmental
sustainability, economic development, and long-term water security. The practical application
and validation of the framework are presented in the subsequent Results and Discussion section.

Research Results

Drinking Water Resources of Armenia

Armenia possesses substantial high-quality drinking water resources that constitute one
of the country's most valuable strategic natural assets. Drinking water is supplied predominantly
from groundwater aquifers and natural springs, which are characterized by favorable
hydrogeological conditions and generally high water quality. These resources satisfy the
majority of the country's public drinking water demand while simultaneously supporting the
production of bottled drinking and mineral water. Owing to their strategic importance for public
health, socio-economic development, and environmental sustainability, the long-term
protection and rational management of these resources have become fundamental priorities of
national water policy. Consequently, the assessment of drinking water resources should extend
beyond conventional quantitative inventories and incorporate considerations of sustainability,
resilience, and long-term water security.

The hydrogeological structure of Armenia plays a decisive role in the formation and
long-term availability of drinking water resources. The country's mountainous terrain, complex
geological setting, and diverse aquifer systems provide favorable conditions for the
accumulation, natural filtration, and continuous recharge of groundwater. As a result,
groundwater constitutes the primary source of drinking water for most settlements and
represents the principal resource supporting bottled water production. Compared with surface
water resources, groundwater generally exhibits greater stability in both quantity and quality,
making it particularly valuable under conditions of increasing climatic variability.
Nevertheless, the sustainability of groundwater resources depends on maintaining a balance
between natural recharge and water abstraction, emphasizing the importance of continuous
monitoring and scientifically based resource management.
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General Characteristics of Armenia‘s Water Resources

Indicator Value Unit

Average annual river runoff 7.2-7.7 | billion m3/year
Renewable internal freshwater resources | 6.85-7.0 | billion m3/year
Number of rivers ~0,480 | —

Number of reservoirs 74 —

Total reservoir storage capacity 0.988 billion m3
Lake Sevan water volume ~38.0 billion m3
Official strategic national water reserve | 39.3 billion m3

Table 1

Note: The value of 39.3 billion m?3 is adopted in this study as the official indicator of Armenia's strategic national
water reserve in accordance with the Law of the Republic of Armenia "On the National Water Program of the
Republic of Armenia” (Law No. HO-232-N, adopted on 27 November 2006). This value represents the legally
recognized strategic water reserve ensuring the country's long-term water and environmental security. Values such
as 45.5 billion m3, occasionally reported in the literature, refer to the gross national water resource potential and
are therefore not used as the official strategic water reserve indicator in the present study.

Water Resources of Armenia: Structure and Key Components
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Fig. 1 illustrates the general structure of Armenia’'s water resources, including surface
water, groundwater, lake resources, and reservoirs, together with their principal quantitative
characteristics. The figure highlights the central role of Lake Sevan and groundwater resources
in ensuring the country's long-term water security and provides the conceptual basis for the
subsequent assessment of strategic drinking water resources using the Strategic Drinking Water
Resource Management Framework (SDWRMF).
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The analysis of Armenia’'s water resources demonstrates that the country possesses
considerable freshwater potential, forming a strong basis for long-term water security. As
summarized in Tab.1 and illustrated in Fig.1, Armenia's water resources comprise surface
waters, groundwater, lake resources, and reservoirs, which together constitute an integrated
national water system. Surface water resources are represented by an average annual river
runoff of approximately 7.2—7.7 billion m3 and an extensive hydrographic network of nearly
9,480 rivers. Lake Sevan, with an estimated water volume of approximately 38 billion m3,
constitutes the country's principal strategic freshwater reserve, while the existing network of 74
reservoirs provides a total storage capacity of approximately 0.988 billion m3, contributing to
seasonal flow regulation and water supply reliability. According to the National Water Program
of the Republic of Armenia, the officially recognized strategic national water reserve amounts
to 39.3 billion m3, representing the legally protected long-term freshwater reserve that
underpins the country's water and environmental security.

Table 2
Characteristics of Armenia's Strategic Groundwater Resources
Indicator Value Unit

Total renewable groundwater resources 4.017 | billion

m3/year
Spring discharge 1.595 | billion

m3/year
Drainage discharge 1.419 | billion

m3/year
Deep groundwater discharge 1.003 | billion

m3/year
Potential exploitable groundwater resources >3.0 | billion

m3/year
Officially approved exploitable groundwater reserves 1.215 | billion

m3/year
Drinking water supplied from groundwater 9% | %
Official strategic groundwater reserve 1.3 | billion m3
Principal strategic hydrogeological basin Ararat Artesian | —

Basin

Contribution of the Ararat Artesian Basin to national groundwater 45-50 | %
resources

Note: Renewable groundwater resources represent the annually replenished groundwater potential of the country.
Potential exploitable groundwater resources (>3.0 billion m3/year) refer to the estimated maximum volume that
could theoretically be abstracted under favorable hydrogeological and engineering conditions without causing
irreversible depletion. In contrast, the officially approved exploitable groundwater reserves (1.215 billion m3/year)
represent the legally verified and technically proven portion of groundwater resources approved for sustainable
use through the state hydrogeological assessment system. In accordance with the objectives of this study, both
indicators are presented because they characterize different dimensions of Armenia's strategic groundwater
potential and its currently approved sustainable utilization capacity.

Fig. 2 presents the structure of Armenia's renewable groundwater resources and their
role in national drinking water supply. The figure illustrates the distribution of renewable
groundwater into spring, drainage, and deep groundwater flow components, together with the
relationship between renewable resources, potential exploitable resources, officially approved
exploitable groundwater reserves, and the strategic groundwater reserve. It also highlights the
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dominant contribution of the Ararat Artesian Basin to the country's groundwater resources and
the fundamental role of groundwater in providing centralized drinking water supply.

Armenia s Strategic Groundwater Resources
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Fig. 2 Structure and Utilization of Armenia’s Strategic Groundwater Resources

The characteristics of Armenia's strategic groundwater resources are presented in Table
2 and illustrated in Figure 2. The country possesses approximately 4.017 billion m3/year of
renewable groundwater resources, which are replenished through natural hydrological
processes and constitute the principal source of drinking water. Renewable groundwater
consists of three major components: spring discharge (1.595 billion m3/year), drainage
discharge (1.419 billion md/year), and deep groundwater flow (1.003 billion m3/year),
indicating a well-balanced hydrogeological system. Although the country's potential
exploitable groundwater resources exceed 3.0 billion m3/year, the officially approved
exploitable groundwater reserves amount to 1.215 billion m3/year, reflecting the volume that
has been hydrogeologically verified and authorized for environmentally sustainable abstraction.
Groundwater supplies approximately 96% of Armenia's centralized drinking water,
highlighting its critical importance for national water security. Furthermore, the officially
recognized strategic groundwater reserve of 1.3 billion m3, together with the dominant
contribution of the Ararat Artesian Basin, demonstrates the strategic significance of
groundwater resources for ensuring long-term drinking water security under increasing climatic
and socio-economic pressures.
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Table 3

Climate Change Indicators Affecting Drinking Water Resources in Armenia (2018-2025)

Year Mean Annual Temperature Annual Precipitation Relative to
Temperature (°C) Anomaly (°C) | Precipitation (mm) Climate Normal (%)

2018 9.1 +1.5 480-520 80-87
2019 8.5 +0.7 480-520 80-87
2020 9.0 +1.2 480-520 80-87
2021 8.9 +1.1 550 92
2022 8.2 +0.3 570 96
2023 9.02 +1.2 510 86
2024 8.87 +1.0 740.98 125
2025* 8.9-9.0 ~+1.0 ~490** 82-84

Preliminary estimates based on official hydrometeorological observations.

Climate normal (1991-2020): Mean annual precipitation: 592 mm. Temperature anomalies are
calculated relative to the official climatic normal (1991-2020).
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Fig. 3. Trends in Mean Annual Temperature Anomalies and Annual Precipitation in

The Fig. 3 illustrates the temporal variation of two principal climatic indicators affecting

drinking water resources in Armenia during 2018-2025. Annual precipitation is presented as
bars, while mean annual temperature anomalies relative to the 1991-2020 climatic normal are
shown as a line. The combined presentation highlights the persistent warming trend together
with pronounced interannual precipitation variability, emphasizing the increasing climatic
uncertainty influencing the long-term sustainability of drinking water resources.

Climate data presented in Table 3 and Figure 3 demonstrate a clear warming trend and

increasing climatic variability in Armenia during the period 2018-2025. Mean annual air
temperature remained consistently above the climatic normal throughout the study period, with
positive anomalies ranging from +0.3°C to +1.5°C, confirming the ongoing warming observed
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across the country. At the same time, annual precipitation exhibited pronounced interannual
variability, ranging from prolonged drought conditions during 2018-2020 and again in 2025 to
exceptionally wet conditions in 2024. Such fluctuations indicate increasing climatic instability
rather than a simple linear change in precipitation patterns.

These climatic changes have direct implications for the long-term sustainability of
drinking water resources. Reduced snow accumulation, earlier snowmelt, and increasing
evapotranspiration decrease groundwater recharge, while declining spring discharge and
increasing dependence on groundwater abstraction place additional pressure on strategic
drinking water reserves. According to national assessments, climate change has already
contributed to measurable reductions in the discharge of mountain springs and has intensified
pressure on the Ararat Artesian Basin. Climate projections indicate that by 2050, renewable
groundwater resources may decline by approximately 8-10%, emphasizing the necessity of
integrating climate adaptation measures into the strategic management of drinking water
resources.

Table 4
Bottled Water Production and Groundwater Utilization in Armenia (2018-2025)

Indicator Value Unit
Bottled drinking and natural mineral water 145-155 | million
production (2024—-2025) liters/year
Groundwater abstraction for bottled water 0.145-0.155 | million
production m3/year
Share of officially approved exploitable ~0.013 | %
groundwater reserves
Bottled water export (2024) 30.9 | million liters
Planned annual export growth 58| %
Principal export markets Russia, USA, UAE, Kazakhstan, Ukraine | —
Main strategic groundwater pressure Aquaculture and agricultural irrigation | —
identified at the national level
Strategic environmental requirement for the Continuous hydrogeological monitoring of | —
bottled water industry mineral water sources

Note: Current official assessments indicate that bottled water production utilizes only a very small fraction of
Armenia’s officially approved exploitable groundwater reserves and therefore does not presently constitute a
significant threat to national strategic drinking water resources. Nevertheless, continued industry expansion,
combined with climate change and increasing groundwater demand, underscores the importance of preventive
strategic groundwater management and continuous hydrogeological monitoring.

Fig. 4 illustrates the relative position of bottled water production within the overall
structure of groundwater utilization in Armenia. The figure demonstrates that, although the
bottled water industry has experienced continuous production and export growth, its current
groundwater abstraction represents only a negligible proportion of the officially approved
exploitable groundwater reserves. In contrast, aquaculture and agricultural irrigation constitute
the principal anthropogenic pressures on groundwater resources. Nevertheless, considering
projected climate change, increasing water demand, and the expected expansion of bottled
water production, preventive strategic management and continuous hydrogeological monitoring
remain essential to ensure the long-term sustainability of Armenia’s strategic drinking water
resources.

84



Bulletin Of High Technology N 2 (38) 2026.-pp.72-95. WATER SYSTEMS

A.Kh. Markosyan, A.K. Harutyunyan, L.V. Tokmajyan, G.H. Martirosyan
STRATEGIC MANAGEMENT OF DRINKING WATER RESOURCES IN ARMENIA: BALANCING CLIMATE
CHANGE, BOTTLED WATER PRODUCTION, AND LONG-TERM WATER SECURITY

Figure 4. Strategic Position of Bottled Water Production within Armenia's Groundwater Use Framework (2024-2025)
Based on official data of RA Statistical Committee and RA Ministry of Erviromment
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Fig. 4 Groundwater Utilization Structure and the Position of Bottled Water Production within
Armenia's Strategic Water Resources Management Framework

The results presented in the preceding sections demonstrate that Armenia currently
possesses sufficient strategic drinking water resources to ensure long-term national water
security. However, the analysis also reveals that future sustainability cannot be evaluated solely
on the basis of resource availability. Climate change is gradually reducing groundwater
recharge, increasing climatic variability and uncertainty, while socio-economic development is
expected to increase future water demand. At the same time, the bottled water industry
continues to expand and contributes to economic growth and export development, although its
current groundwater abstraction remains negligible in comparison with the officially approved
exploitable groundwater reserves.

These findings indicate that strategic drinking water management should move beyond
the traditional assessment of available water resources toward an integrated preventive
management approach capable of simultaneously considering natural resource availability,
climate-related risks, economic utilization, environmental sustainability, and long-term national
water security. To address these challenges, this study proposes the Strategic Drinking Water
Resource Management Framework (SDWRMF) as an integrated decision-support framework
for balancing resource conservation, economic development, and sustainable groundwater
utilization under changing climatic conditions.

The Strategic Drinking Water Resource Management Framework (SDWRMF) is
designed to support long-term decision-making by integrating the principal factors affecting
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drinking water resource sustainability into a unified management system. Unlike conventional
approaches that primarily focus on the availability of water resources, the proposed framework
simultaneously considers the quantity and quality of drinking water resources, climate-related
pressures, groundwater utilization, economic development, environmental protection, and
institutional governance. This integrated perspective enables strategic decisions to be based not
only on current resource availability but also on future risks and sustainability objectives,
thereby strengthening the resilience of national drinking water resource management.

STRATEGIC DRINKING WATER RESOURCE MANAGEMENT FRAMEWORK (SOWRMF)

SOWRMF integrates key natural, climatic, sconomic, anvironmental and institutional factors
10 support balanced and sustanable management of drinking water resources
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Fig. 5 Strategic Drinking Water Resource Management Framework (SDWRMF)

Fig. 5 presents the Strategic Drinking Water Resource Management Framework
(SDWRMF) proposed in this study. The framework integrates five interrelated management
dimensions: drinking water resources, climate change and associated risks, groundwater
utilization, economic use and development, and institutional governance. These components
are linked through an integrated assessment and decision-support process that enables
comprehensive evaluation of resource conditions, climate-related pressures, groundwater
sustainability, economic development, and governance effectiveness. The framework supports
adaptive and preventive decision-making aimed at balancing resource conservation, sustainable
economic development, and the long-term security of Armenia's strategic drinking water
resources under changing climatic conditions.

Drinking Water Resources

The first component of the Strategic Drinking Water Resource Management Framework
(SDWRMF) is based on the comprehensive assessment of drinking water resources. It
encompasses not only the quantitative evaluation of available water resources but also the
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assessment of their quality, natural recharge capacity, strategic importance, and long-term
sustainability. Particular attention is given to the interrelationship between surface water and
groundwater resources, the protection of strategic water reserves, continuous monitoring of
drinking water quality, and the maintenance of sustainable abstraction limits. This component
forms the foundation of the SDWRMF, as all subsequent management decisions should be
based on an objective assessment of the current condition of the country's drinking water
resources and their capacity to ensure long-term water security.

Climate Change and Risk Assessment

The second component of the Strategic Drinking Water Resource Management
Framework (SDWRMF) focuses on the assessment of climate change and its implications for
the long-term sustainability of drinking water resources. This component evaluates trends in air
temperature, precipitation, drought frequency, extreme hydrological events, and their influence
on groundwater recharge, spring discharge, and drinking water availability. It also incorporates
climate projections, vulnerability assessment, and scenario analysis to identify potential future
risks affecting strategic water resources. By integrating climate-related information into the
decision-making process, the framework supports adaptive management strategies that enhance
the resilience of drinking water resources under changing environmental conditions and reduce
the long-term risks associated with climate uncertainty.

Sustainable Groundwater Utilization

The third component of the Strategic Drinking Water Resource Management
Framework (SDWRMF) focuses on ensuring the sustainable utilization of groundwater
resources, which constitute the principal source of drinking water in Armenia. This component
emphasizes maintaining a balance between groundwater abstraction and natural recharge while
preserving groundwater quality and the long-term functionality of aquifer systems. It includes
continuous hydrogeological monitoring, assessment of groundwater abstraction rates,
protection of strategic groundwater reserves, regulation of groundwater use by different
economic sectors, and prevention of localized overexploitation. Particular attention is given to
preserving the hydrogeological stability of strategically important groundwater basins,
especially the Ararat Artesian Basin, through science-based management, regular monitoring,
and adaptive regulatory measures. This component ensures that groundwater utilization remains
environmentally sustainable while supporting national drinking water security and socio-
economic development.

Economic Development and Bottled Water Production

The fourth component of the Strategic Drinking Water Resource Management
Framework (SDWRMF) addresses the relationship between economic development and the
sustainable utilization of drinking water resources. The framework recognizes bottled drinking
and natural mineral water production as an important contributor to national economic growth,
employment, and export development. At the same time, it emphasizes that economic activities
relying on strategic groundwater resources should be managed within scientifically justified
and environmentally sustainable limits. This component promotes the integration of economic
planning with groundwater resource protection through regular assessment of groundwater
abstraction, continuous hydrogeological monitoring, environmental impact evaluation, and
adaptive management mechanisms. Such an approach ensures that economic development can
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continue without compromising the long-term sustainability and strategic security of Armenia's
drinking water resources.

Institutional Governance and Decision Support

The fifth component of the Strategic Drinking Water Resource Management Framework
(SDWRMF) focuses on institutional governance and evidence-based decision support. It
provides the organizational and regulatory foundation necessary for implementing integrated
drinking water resource management at the national level. This component promotes
coordination among governmental institutions, scientific organizations, water utilities,
environmental authorities, and other stakeholders involved in water resource management. It
also emphasizes continuous data collection, monitoring, information exchange, and periodic
reassessment of management decisions based on updated scientific evidence and changing
environmental conditions. By integrating reliable scientific information with adaptive
governance mechanisms, this component enhances the effectiveness, transparency, and long-
term resilience of strategic drinking water resource management while supporting informed
policy development and sustainable decision-making.

Expected Benefits of Implementing the Strategic Drinking Water Resource
Management Framework (SDWRMF)

The implementation of the Strategic Drinking Water Resource Management Framework

(SDWRMF) is expected to strengthen the long-term sustainability, resilience, and efficiency of
drinking water resource management in Armenia. By integrating hydrological, climatic,
environmental, economic, and institutional information into a unified decision-support
framework, SDWRMF enables a comprehensive assessment of both current conditions and
future risks.
The proposed framework supports early identification of emerging threats to strategic drinking
water resources, improves coordination among responsible institutions, promotes evidence-
based policy development, and facilitates adaptive management under changing climatic and
socio-economic conditions. Furthermore, SDWRMF provides a balanced approach that
simultaneously supports groundwater conservation, sustainable economic development, and the
protection of national drinking water security.

Beyond its application in Armenia, the conceptual structure of SDWRMF may also
serve as a transferable decision-support framework for other countries facing similar challenges
related to climate change, increasing groundwater demand, and the need to balance economic
development with the long-term protection of strategic drinking water resources.

Discussion

Principal Scientific Findings

The present study demonstrates that Armenia possesses substantial strategic drinking
water resources, primarily supplied by high-quality groundwater, which currently provide
approximately 96% of the country's centralized drinking water supply. The assessment
confirmed that the existing groundwater resources and officially approved exploitable reserves
remain sufficient to support both domestic water supply and the continuing development of the
bottled water industry. Nevertheless, the analysis indicates that the long-term sustainability of
these resources cannot be evaluated solely on the basis of their current availability.
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The results further demonstrate that climate change has become one of the principal
long-term drivers influencing the sustainability of drinking water resources in Armenia.
Persistent positive temperature anomalies, increasing climatic variability, changes in
precipitation patterns, and projected reductions in groundwater recharge collectively increase
uncertainty regarding future drinking water availability. These findings support the growing
international consensus that strategic water management should increasingly focus on resilience
and adaptive capacity rather than solely on resource abundance.

The study also demonstrates that the current scale of bottled drinking and mineral water
production does not constitute a significant pressure on Armenia's strategic groundwater
resources. According to the available official data, groundwater abstraction for bottled water
production represents only a negligible proportion of the officially approved exploitable
groundwater reserves. The principal anthropogenic pressures continue to originate from other
sectors, particularly aquaculture and agricultural irrigation. However, the combination of
climate change, increasing groundwater demand, and the expected long-term expansion of
water-dependent economic activities justifies the adoption of preventive strategic management
approaches.

The principal scientific contribution of this research is the development of the Strategic
Drinking Water Resource Management Framework (SDWRMF), which integrates
hydrological, climatic, environmental, economic, and institutional factors within a unified
decision-support framework. Unlike conventional approaches that evaluate these factors
separately, SDWRMF provides an integrated methodology for balancing drinking water
resource conservation, sustainable economic development, and long-term national water
security under changing climatic conditions.

Comparison with Previous Studies

Previous studies on Armenia's drinking water resources have primarily focused on
individual aspects of water resource management, including hydrogeological characteristics,
groundwater resources, drinking water quality, water supply systems, climate change impacts,
or bottled water production. These studies have made important contributions to understanding
the country's water resources and have provided valuable scientific and technical information
for sectoral planning and resource management.

The findings of the present study are generally consistent with previous research
regarding the strategic importance of groundwater resources, the increasing influence of climate
change, and the growing economic significance of bottled water production. However, unlike
earlier studies, which have largely examined these issues independently, the present research
integrates them within a single strategic management perspective.

The principal distinction of the proposed Strategic Drinking Water Resource
Management Framework (SDWRMF) lies in its ability to simultaneously consider resource
availability, groundwater sustainability, climate-related risks, economic utilization,
environmental protection, and institutional governance within a unified decision-support
framework. This integrated approach provides a broader basis for strategic planning and policy
development than conventional resource assessment methodologies.

Furthermore, although the framework was developed using Armenia as a case study, its
conceptual structure is sufficiently flexible to be adapted for application in other countries
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facing similar challenges associated with climate change, increasing groundwater demand, and
the need to balance economic development with long-term drinking water security.

Practical Implications of the Strategic Drinking Water Resource Management
Framework (SDWRMF)
The proposed Strategic Drinking Water Resource Management Framework

(SDWRMF) has important practical implications for the sustainable management of drinking
water resources in Armenia. By integrating hydrological, climatic, environmental, economic,
and institutional information into a unified decision-support framework, SDWRMF provides a
systematic basis for strategic planning and evidence-based policy development.

The framework can support governmental institutions in evaluating alternative
management scenarios, identifying emerging risks, prioritizing investments, and developing
adaptive measures aimed at protecting strategic drinking water resources. It also facilitates
coordination among institutions responsible for water management, environmental protection,
climate adaptation, and economic development, thereby improving the overall effectiveness of
water governance.

From an operational perspective, SDWRMF may be applied as a planning and
assessment tool for groundwater monitoring programs, abstraction licensing, climate adaptation
strategies, and long-term water resource planning. Its flexible conceptual structure allows
periodic updating as new scientific information, monitoring data, and policy priorities become
available, ensuring that management decisions remain responsive to changing environmental
and socio-economic conditions.

The practical implementation of SDWRMF therefore represents not only a scientific
contribution but also a potential management instrument for strengthening national drinking
water security and supporting sustainable development under increasing climatic uncertainty.

Study Limitations and Future Research

Although the proposed Strategic Drinking Water Resource Management Framework

(SDWRMF) provides an integrated approach to strategic drinking water resource management,
several limitations should be acknowledged. First, the framework was developed using
Armenia as the primary case study, and its application in other geographical and institutional
settings will require adaptation to local hydrological, climatic, and governance conditions.
Second, the present study is based primarily on officially available statistical, hydrological, and
environmental data, which may be refined as new monitoring results and updated national
databases become available.
Future research should focus on the practical implementation and validation of SDWRMF
through detailed regional case studies, quantitative performance indicators, and scenario-based
modelling under different climate and socio-economic development pathways. Additional
research may also investigate the integration of remote sensing, geographic information
systems, artificial intelligence, and real-time monitoring technologies into the framework to
further improve decision support and adaptive water resource management.

Despite these limitations, the proposed framework establishes a comprehensive
scientific foundation for strategic drinking water resource management and provides a flexible
basis for future methodological development and international application.
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Conclusions
The present study confirms that Armenia possesses substantial strategic drinking water
resources, with groundwater constituting the principal source of the country's centralized
drinking water supply. The current resource base remains sufficient to support both
domestic water demand and the continued development of the bottled water industry.
Climate change represents one of the most significant long-term challenges for the
sustainable management of Armenia's drinking water resources. Persistent warming,
increasing climatic variability, and projected reductions in groundwater recharge highlight
the necessity of integrating climate adaptation into strategic water resource management.
The analysis demonstrates that bottled drinking and natural mineral water production
currently utilizes only a negligible proportion of the officially approved exploitable
groundwater reserves. At present, the principal anthropogenic pressures on groundwater
resources originate primarily from aquaculture and agricultural irrigation rather than from
the bottled water industry.
The findings indicate that the long-term sustainability of strategic drinking water
resources should be evaluated through an integrated perspective that simultaneously
considers hydrological, climatic, environmental, economic, and institutional factors
instead of relying solely on resource availability.
The Strategic Drinking Water Resource Management Framework (SDWRMF) proposed
in this study provides an integrated decision-support framework capable of balancing
drinking water resource conservation, sustainable groundwater utilization, economic
development, and long-term national water security under changing climatic conditions.
The proposed framework offers practical opportunities for improving strategic planning,
adaptive management, institutional coordination, and evidence-based policy development
related to drinking water resource management in Armenia.
. Although developed using Armenia as a case study, the conceptual structure of SDWRMF
may also be adapted for application in other countries facing similar challenges associated
with climate change, increasing groundwater demand, and the long-term protection of
strategic drinking water resources.
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ApMeHMs pacrojlaraeT 3HAYUTENIbHBIMHM 3allacaMM BBICOKOKAUYECTBEHHBIX PECYPCOB
IIATBEBOW BOJBI, BKJIKOYas IOA3EMHBIC BOJbI, POJHUKM M MHMHEPAIBHBIE BOJBI, KOTOPBIE
SABJSIIOTCA  OAHUM W3 BaXHEHIIUX IPUPOJHBIX, HKOJIOTUYECKHUX, D3KOHOMHMYECKHX U
CTpaTEernyecKrux pecypcoB CTpaHbl. BMecTe ¢ TeM pocT mpou3BOACTBA Oy TUIMPOBAHHOM BOJIBI,
M3MEHEHHE KJIMMaTa, yBEJIMYeHHe MOTPeOHOCTH B BOJHBIX pecypcax M HEoO0XOAMMOCThb
obecrieyeHus: JIOJITOCPOYHOM BOAHOM Oe30macHOCTH (OPMHUPYIOT HOBBIE BBI3OBBI IS
YCTOMYMBOIO YIIpaBJIEHUs dTUMHU pecypcamu. HecMoTps Ha TO 4yTo ApMEHHUS TpaIuLMOHHO
CUMTAETCs CTPaHOI, 60raToil BOIHBIMU PECYypCaMu, TOJATOCPOUHAs 00€CeUeHHOCTh MUTHEBON
BOJIOM HE MOJKET OLICHUBAaThCS HUCKIIOYUTEIBHO IO 00bEMY CYHIECTBYIOIIMX 3aIlacoB.
Crpareruueckoe yrpaBieHHE TPeOyeT KOMIUIEKCHOTO y4eTa KIMMaTHUECKHUX, SKOJIOTHUECKHUX,
SKOHOMMYECKUX U MHCTUTYLHOHAJIBHBIX ()aKTOPOB, BIMSIOMINX KaK Ha JOCTYITHOCTh, TaK U Ha
YCTOMYHMBOCTH BOJIHBIX PECYPCOB.

B nHacrosmeM nccineqoBaHuu IPEACTaBIeHa KOMIUIEKCHAS OLICHKA PECYPCOB ITUTHEBOU
BOABI APMEHHHU C aHAJIM30M B3aMMOCBA3E€H MEXKIy M3MEHEHHEM KIMMaTa, MPOU3BOJCTBOM
OyTHJIMPOBAHHOI BOJBI M JIOJITOCPOYHOM BOAHOI OezomacHocThio. MccnenoBanne OCHOBaHO
Ha 0UIHMATBHBIX CTATUCTUYECKUX JaHHBIX, THIPOJIOTHYECKOH HH(OpMAIMU, KIUMAaTHUYECKUX
[IOKA3aTesIX WM HOPMAaTHBHO-MHCTUTYLHMOHAIBHBIX  MaTepHAllaX, XapaKTEePU3YIOIIHUX
yOpaBlieHUE BOJHBIMH pecypcaMd U pa3BUTHE MPOU3BOJICTBA OYTHUIMPOBAHHOW BOJIBI.
BoinonHeH aHanu3 JUMHAMUKKA BOJ03a00pa, MPOM3BOACTBA OYTHWJIIMPOBAaHHOW  BOJBI,
WCIIOJIb30BAaHUS BOJHBIX PECYPCOB, a TAK)KE MOTEHIIMAIBHOTO BO3JIECUCTBHUS KIMMATHYECKUX
U3MEHEHUN Ha PECYPCHI IUTHEBOU BOJIBI.

Ha ocHOBe BBIBICHHBIX MpOOJIeM TNpeJIo)KeHAa HMHTEIPUPOBAHHAs CHUCTEMa
CTPATETHUECKOT0 YIMpaBJICHUS PEeCypcaMu MHUTHEBOM BOJbI, HAalpaBleHHAas Ha oOecredeHue
OamaHca MEXIy SKOHOMHUYECKMM pa3BUTHEM U JOJITOCPOYHBIM COXPAaHEHHEM BOJHBIX
pecypcoB. Ilpemnaraemslli MOAXOX OCHOBAaH HA IIPUHLMUIIAX YCTOMYMBOIO YIIPaBICHUS
MOA3CMHBIMU BOJAMH, aJaNTAallMd K MU3MEHEHHUIO KIMMAaTa, OXPaHbl MCTOYHHKOB IHUTHEBOU

94



Bulletin Of High Technology N 2 (38) 2026.-pp.72-95. WATER SYSTEMS

A.Kh. Markosyan, A.K. Harutyunyan, L.V. Tokmajyan, G.H. Martirosyan
STRATEGIC MANAGEMENT OF DRINKING WATER RESOURCES IN ARMENIA: BALANCING CLIMATE
CHANGE, BOTTLED WATER PRODUCTION, AND LONG-TERM WATER SECURITY

BOJIbI, COBEPIIEHCTBOBAHUSI CUCTEM MOHUTOPUHTA, 3((HEKTUBHOTO pacHpeesieHUs BOIHBIX
PECYpPCOB U MPUHATHS HAaydHO OOOCHOBAHHBIX YIpaBiICHUECKUX pemieHuid. [lomyueHHble
pe3yJIbTaThl MOTYT CIOCOOCTBOBATH COBEPIICHCTBOBAHWIO BOJHOW TOJUTHKA ApPMEHHH W
pa3paboTKe T0JITOCPOUHBIX CTPATErwii 00eCieYeH s BOAHOM 0€301MacHOCTH.

Kniouesvie cnosa. pecypcbl IIUTBEBOM BOABI, CTPATETMYECKOE YIIPaBJICHUE,
MPOU3BOJICTBO OyTUIMPOBAHHOM BOJBI, M3MEHEHUE KJIMMAaTa, IMOJ3EMHbIE BOJbI, BOIHAs
0€30MacHOCTb, YCTOWYMBOE yIpaBiIeHHE, APMEHHUS.

Submitted on 22.12.2025
Sent for review on 24.12.2025
Guaranteed for printing on 15.06.2026

95



Bulletin Of High Technology N 2 (38) 2026.-pp.96-117. WATER SYSTEMS

H.V. Tokmajyan, A.Kh. Markosyan, E.Yu.. Galstyan
PROJECT COMPLEXITY AND DESIGN SERVICE PRICING IN PUBLIC PROCUREMENT OF WATER
INFRASTRUCTURE PROJECTS

UDC - 556:628.171.033:627.81

PROJECT COMPLEXITY AND DESIGN SERVICE PRICING IN PUBLIC
PROCUREMENT OF WATER INFRASTRUCTURE PROJECTS

Hovhannes V. Tokmajyan

Institute of Water Problems and Hydro-Engineering
Named After I.V. Yeghiazarov

125/3 Armenakyan St., 0011, Yerevan

e-mail: tokmajyan.hovhannes@gmail.com

ORCID iD: 0000-0002-2315-7233

Republic of Armenia

Ashot Kh. Markosyan

«AMBERD» Research Center

Armenian State University of Economics
128 Nalbandyan str., Yerevan

e-mail: ashotmarkos@rambler.ru
ORCID iD: 0000-0002-5077-4253
Republic of Armenia

Edgar Yu. Galstyan

Institute of Water Problems and Hydro-Engineering
Named After 1.V. Yeghiazarov

125/3 Armenakyan St., 0011, Yerevan

e-mail: galstyanedgar21@gmail.com

ORCID iD: 0009-0002-5595-2976

Republic of Armenia

https://doi.org/10.56243/18294898-2026.2-96

Abstract

The pricing of engineering design services represents an important component of
infrastructure project preparation and directly influences the ability of design organizations to
perform the investigations, calculations, and technical activities required for the development
of reliable project documentation. However, in public procurement procedures, design service
prices may be determined without systematic consideration of project technical complexity and
the actual scope of engineering work.

This study evaluates the adequacy of design service pricing in public procurement
procedures for water supply and irrigation infrastructure projects in the Republic of Armenia.
The research is based on a comparative analysis of selected procurement procedures, project
characteristics, contract prices, and estimated design costs derived from applicable pricing
approaches. Project technical complexity is assessed using the Project Complexity Score (PCS),
which integrates the principal engineering components of water infrastructure projects,
including the number of settlements served, pipeline length, water intake structures, pumping
stations, regulating reservoirs, and water treatment facilities.
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The analysis compares project complexity levels with the design prices established in
procurement procedures and examines whether increases in technical complexity are
accompanied by corresponding increases in the financial resources allocated for design
activities. To support the comparative assessment, a Design Price Adequacy Ratio (DPAR) is
introduced as the ratio between the contracted design price and the estimated justified design
price.

The results reveal substantial inconsistencies between project technical complexity and
design service pricing. Projects with considerably different engineering workloads may receive
similar levels of design financing, while in several cases the contracted design prices are
significantly lower than the estimated values required for adequate project preparation. These
findings indicate that project complexity and engineering workload are not systematically
incorporated into the determination of design service prices.

The study concludes that integrating project complexity criteria and quantitative price
adequacy indicators into public procurement planning could improve the transparency and
technical justification of design service pricing, reduce the risks associated with underfunded
design activities, and contribute to improving the quality and effectiveness of water
infrastructure project preparation.

Keywords: public procurement; design service pricing; project complexity; Project
Complexity Score; Design Price Adequacy Ratio; water supply systems; irrigation systems;
engineering design.

Introduction

The preparation of reliable engineering design documentation is a critical stage in the
development of infrastructure projects. Decisions made during the design phase influence
project feasibility, construction cost, implementation schedules, operational reliability, and
long-term infrastructure performance. Deficiencies originating during project preparation and
design may subsequently lead to design modifications, rework, construction delays, cost
overruns, quality deviations, and additional expenditures during project implementation [1-6].
Therefore, the effectiveness of infrastructure investment depends not only on the financial
resources allocated for construction but also on the adequacy of resources provided for
engineering investigations, technical analysis, and design activities before construction begins.
Engineering design services represent a knowledge-intensive professional activity involving
the integration of field investigations, engineering calculations, analysis of alternatives,
development and verification of technical solutions, preparation of cost estimates,
interdisciplinary coordination, and production of design documentation. The scope and
intensity of these activities vary substantially depending on project size, technical
configuration, the number and diversity of infrastructure components, environmental
conditions, technological requirements, and the degree of interconnection among individual
project systems [7-10]. Consequently, the resources required for engineering design should
reflect the actual engineering workload and technical complexity of the project rather than being
determined solely by the financial scale of the planned construction.
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Water supply and irrigation infrastructure projects are particularly relevant in this
context because their design frequently combines spatially extensive linear networks with
hydraulic structures, mechanical and electrical equipment, and technological facilities.
Engineering activities may include topographic and engineering-geological investigations,
assessment of water sources, hydrological studies, water demand analysis, hydraulic modeling,
pipeline design, and the development of water intake structures, pumping stations, regulating
reservoirs, water treatment facilities, automation systems, and cost-estimation documentation
[11-16]. The integrated development of these components requires the participation of
specialists from several engineering disciplines and sufficient professional, organizational, and
financial resources.

Public procurement procedures are intended to promote competition, transparency,
equal treatment of economic operators, and efficient use of public resources. However, the
economic efficiency of procurement cannot be evaluated solely through reductions in initial
contract prices. Procurement approaches dominated by price competition may result in contract
values that do not adequately reflect the actual scope, complexity, and professional effort
required for engineering services [17-20]. This issue is particularly important for intellectual
and professional services, where service quality depends strongly on specialist competence,
labor input, data quality, technical analysis, and interdisciplinary coordination.

International research has demonstrated that procurement strategies and tender
evaluation methods may significantly affect project performance. Excessive emphasis on the
lowest initial price can encourage aggressive bidding and increase the risk that contractors or
consultants operate under financial constraints inconsistent with the actual requirements of the
assignment [17-22]. Although competitive pricing is an essential element of public
procurement, insufficient financial resources for engineering design may restrict field
investigations, reduce the depth of technical analyses, limit the assessment of alternative
solutions, and decrease the resources available for design verification and coordination. Such
limitations may subsequently contribute to design deficiencies, rework, project modifications,
cost growth, and implementation difficulties [1-6, 21-24].

The determination of appropriate prices for engineering design services is complicated
by the substantial differences among infrastructure projects. Projects with similar construction
costs may require considerably different volumes of engineering work, whereas projects with
different financial scales may involve comparable levels of technical effort. Construction cost
alone therefore cannot provide a sufficient basis for evaluating the resources required for
engineering design. Project complexity is a multidimensional characteristic associated with the
number of technical components, their interdependencies, technological diversity,
organizational interfaces, uncertainty, and the range of professional disciplines involved [7—
10]. These characteristics directly affect the volume of investigations, engineering calculations,
coordination activities, technical verification, and documentation required during the design
process.

In water supply and irrigation projects, technical complexity may be influenced by the
number of settlements served, total pipeline length, water intake structures, pumping stations,
regulating reservoirs, water treatment facilities, and other hydraulic and technological
components. An increase in the number and interconnection of such components generally
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increases the engineering workload required for project preparation. Nevertheless, procurement
prices for design services are not always established using transparent quantitative criteria that
explicitly reflect these differences in technical complexity and engineering effort.

Existing studies on public procurement primarily focus on competition, tender
evaluation methods, procurement efficiency, construction costs, schedule performance, cost
overruns, and the consequences of lowest-price selection [17-22, 25-27]. Research on project
complexity, meanwhile, has developed conceptual and multidimensional approaches for
understanding the influence of technical, organizational, and environmental characteristics on
project management and performance [7-10]. However, considerably less attention has been
given to the quantitative relationship between the technical complexity of infrastructure projects
and the financial resources allocated for engineering design services, particularly in the water
infrastructure sector.

This research addresses this gap by evaluating the relationship between project technical
complexity and design service pricing in public procurement procedures for water supply and
irrigation infrastructure projects in the Republic of Armenia. To provide a quantitative basis for
comparative assessment, the study applies a Project Complexity Score (PCS) based on the
principal technical components of water infrastructure projects. The obtained complexity scores
are compared with contracted and estimated design prices to determine whether increasing
project complexity is accompanied by a corresponding increase in the financial resources
allocated for engineering design activities.

In addition, the study introduces the Design Price Adequacy Ratio (DPAR), defined as
the relationship between the contracted design price and the estimated justified design price.
The indicator is intended to support the identification of potential underpricing, overpricing,
and disproportionality in the financing of engineering design services and to provide a
guantitative basis for comparing procurement procedures involving projects with different
technical characteristics.

The aim of the study is to determine whether the prices established for engineering
design services adequately reflect the technical complexity and engineering workload of water
supply and irrigation infrastructure projects and to identify potential inconsistencies in existing
pricing practices. The results are expected to contribute to the development of more transparent,
technically justified, and complexity-sensitive approaches to the pricing and procurement of
engineering design services.

Literature Review

The scientific literature relevant to the pricing of engineering design services can be
divided into several interconnected research directions: the consequences of deficiencies during
project preparation and design, the multidimensional nature of project complexity, the technical
characteristics of water infrastructure design, and the influence of procurement mechanisms
and price-based competition on project performance. Although these research areas have
developed largely independently, their integration provides an important theoretical basis for
examining whether the financial resources allocated for engineering design services correspond
to the technical complexity and engineering workload of infrastructure projects.

A substantial body of research has demonstrated that deficiencies originating during the
design stage may significantly affect subsequent project implementation. Design errors,
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incomplete documentation, insufficient coordination, and inadequate technical analysis may
contribute to rework, cost growth, delays, quality deviations, and additional expenditures during
construction [1-6]. These findings indicate that engineering design should not be considered
merely as a preliminary administrative stage of infrastructure development. Rather, it represents
a critical professional process whose quality depends on the availability of sufficient technical,
organizational, and financial resources.

Research on rework and design deficiencies has also shown that the consequences of
inadequate project preparation may extend beyond direct correction costs. Design changes and
errors can generate additional coordination requirements, disrupt construction processes,
increase uncertainty, and affect overall project performance [1-6, 23, 24]. From the perspective
of engineering service pricing, these findings are particularly relevant because insufficient
resources allocated during the design stage may reduce the ability of design organizations to
perform comprehensive investigations, evaluate alternatives, verify technical solutions, and
coordinate the work of different engineering disciplines.

A second important research direction concerns the concept of project complexity.
Project complexity has been described as a multidimensional characteristic that cannot be
adequately represented by project size or construction cost alone. Baccarini conceptualized
project complexity in terms of differentiation and interdependency among project elements [7],
while subsequent studies expanded this understanding by incorporating technical,
organizational, and environmental dimensions [8—10]. These approaches demonstrate that the
resources required for project preparation and implementation depend not only on the financial
scale of the project but also on the number of components, their interrelationships, technological
diversity, organizational interfaces, uncertainty, and the range of professional disciplines
involved.

The literature on project complexity therefore provides an important theoretical basis
for evaluating engineering design services. As technical components and their
interdependencies increase, the need for investigations, calculations, modeling, coordination,
verification, and documentation also increases. However, most existing complexity frameworks
have been developed primarily for project management, organizational analysis, and
assessment of implementation risks [7—-10]. Considerably less attention has been given to the
direct quantitative relationship between project complexity and the financial resources required
for engineering design activities.

Water supply and irrigation infrastructure projects provide a particularly relevant
context for examining this relationship. The design of such projects may involve hydraulic
modeling, optimization of water distribution systems, assessment of irrigation performance,
design of pipelines and hydraulic facilities, and coordination of multiple interconnected
technical components [11-16]. The literature demonstrates the increasing analytical and
computational requirements associated with the design and optimization of water infrastructure
systems. However, these studies primarily focus on technical performance, hydraulic
optimization, system reliability, and operational efficiency rather than on the pricing and
financial adequacy of professional engineering design services.

Another major research direction concerns public procurement and the mechanisms
used for selecting contractors and professional service providers. Existing studies have
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examined tender evaluation methods, the role of price and non-price criteria, competition
among bidders, and the influence of procurement strategies on project outcomes [17-22]. This
literature demonstrates that the selection mechanism applied in procurement procedures may
influence bidder behavior, contract prices, and subsequent project performance.

Particular attention has been given to procurement approaches dominated by the lowest
initial price. Competitive bidding may contribute to the efficient use of public resources, but
excessive price competition can also create incentives for aggressive bidding and contract prices
that may not correspond to the actual requirements of the assignment [17-22]. For engineering
design services, this issue is especially important because the final quality of the service
depends strongly on specialist labor, professional expertise, investigation activities, technical
analysis, interdisciplinary coordination, and design verification.

Studies addressing construction performance, cost overruns, and project implementation
risks further demonstrate that decisions made during procurement and project preparation can
have long-term consequences [23—-27]. However, much of this literature focuses on construction
contracts, large infrastructure projects, and implementation-stage performance. Professional
engineering services are often considered indirectly, despite their critical role in determining
the technical quality and reliability of project documentation.

The reviewed literature therefore reveals an important research gap. Existing studies
provide substantial evidence regarding the consequences of design deficiencies, the
multidimensional nature of project complexity, the technical requirements of water
infrastructure design, and the influence of procurement and price competition on project
performance. Nevertheless, these research directions have rarely been integrated into a
quantitative framework for evaluating whether the prices established for engineering design
services are proportionate to project technical complexity and engineering workload.

In particular, limited attention has been given to the development of measurable
indicators that enable the comparison of project complexity with contracted design prices and
justified design costs. The absence of such indicators restricts the ability of contracting
authorities, researchers, and engineering organizations to identify potential underpricing,
overpricing, or disproportionality in the financing of engineering design services.

Accordingly, the present study integrates two analytical dimensions that have generally
been examined separately in previous research: the technical complexity of infrastructure
projects and the financial adequacy of engineering design service pricing. The Project
Complexity Score (PCS) is applied to provide a quantitative representation of the principal
technical components affecting engineering workload, while the Design Price Adequacy Ratio
(DPAR) is introduced to evaluate the relationship between contracted design prices and
estimated justified design prices. The integration of these indicators provides the conceptual
basis for the subsequent formulation of the research problem and methodological framework.

Conflict Setting

The pricing of engineering design services in public procurement involves a
fundamental conflict between the objective of achieving cost efficiency through competitive
procurement and the need to allocate sufficient financial resources for the proper preparation
of technically complex infrastructure projects. Contracting authorities seek to obtain
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engineering services under economically advantageous conditions, whereas design
organizations must perform the full scope of investigations, calculations, technical analyses,
coordination activities, and documentation required to produce reliable design solutions.

This conflict becomes particularly significant when the financial resources allocated for
engineering design are determined without explicit consideration of project technical
complexity and engineering workload. Water supply and irrigation infrastructure projects may
differ substantially in the number of settlements served, pipeline length, number and type of
water intake structures, pumping stations, regulating reservoirs, treatment facilities, and other
hydraulic and technological components. Consequently, projects included within the same
general procurement category may require substantially different levels of professional effort,
specialist participation, investigation activities, engineering calculations, and interdisciplinary
coordination.

However, the pricing of engineering design services may not adequately reflect these
differences. Projects characterized by substantially different technical configurations and
engineering workloads may receive comparable levels of design financing. Conversely,
projects with similar levels of technical complexity may be assigned considerably different
contract prices. Such inconsistencies indicate that the relationship between project complexity
and design service pricing requires systematic quantitative assessment.

A further methodological problem concerns the determination of a justified reference
price for engineering design services. The contracted price resulting from a competitive
procurement procedure represents the market outcome of bidding but does not necessarily
indicate the financial resources objectively required for the adequate performance of the design
assignment. At the same time, construction cost alone cannot serve as a sufficient indicator of
engineering workload because projects with similar construction costs may differ substantially
in technical complexity and design requirements.

Therefore, the assessment of design price adequacy requires two interconnected
analytical dimensions. The first is the quantitative characterization of project technical
complexity. The second is the comparison of the contracted design price with an estimated
justified design price determined using a consistent and transparent calculation approach. The
integration of these dimensions makes it possible to examine whether increasing project
complexity is accompanied by a proportional increase in design financing and to identify cases
of potential underpricing, overpricing, or disproportionality.

In this study, project technical complexity is evaluated using the Project Complexity

Score (PCS), which integrates the principal technical components affecting engineering
workload in water supply and irrigation infrastructure projects. The financial adequacy of
design service pricing is evaluated using the Design Price Adequacy Ratio (DPAR), defined as
the ratio of the contracted design price to the estimated justified design price.
Accordingly, the central research problem addressed in this study is the potential mismatch
between the technical complexity of water supply and irrigation infrastructure projects and the
financial resources allocated for engineering design services through public procurement
procedures.

The main research question is formulated as follows: To what extent do the prices
established for engineering design services in public procurement procedures reflect the
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technical complexity and engineering workload of water supply and irrigation infrastructure
projects?

To answer this question, the study addresses three interconnected research questions:

Is there a statistically identifiable relationship between project technical complexity,
expressed through the Project Complexity Score (PCS), and the contracted price of
engineering design services?

To what extent do contracted design prices differ from estimated justified design prices for
projects with different levels of technical complexity?

Can the Design Price Adequacy Ratio (DPAR) provide a consistent quantitative basis for
identifying potential underpricing, adequate pricing, and overpricing of engineering design
services?

The analysis of these questions provides the basis for evaluating whether existing design
service pricing practices adequately account for differences in project technical complexity and
for developing a more transparent and technically justified approach to the financial assessment
of engineering design services.

Materials and Methods

Research Design and Data Selection

The study was designed as a quantitative comparative assessment of engineering design
service pricing in public procurement procedures for water supply and irrigation infrastructure
projects in the Republic of Armenia. The analytical framework was developed to examine
whether differences in project technical complexity are reflected in the financial resources
allocated for engineering design activities.

The empirical dataset consisted of selected public procurement procedures for
engineering design services related to water supply and irrigation infrastructure projects. The
unit of analysis was an individual procurement contract for the preparation of engineering
design documentation. Projects were selected to ensure sufficient variation in technical
characteristics, engineering workload, and contracted design prices.

The selection criteria required that each procurement procedure contain sufficient
technical and financial information to identify the principal infrastructure components included
in the design assignment and to determine the initial estimated procurement price and the final
contracted design price. Projects for which the available procurement documentation did not
provide sufficient information for consistent technical characterization or price comparison
were excluded from the analysis.

For each selected project, data were collected on the type and scope of infrastructure,
number of settlements served, total pipeline length, number of water intake structures, pumping
stations, regulating reservoirs, water treatment facilities, and other major hydraulic and
technological components. Financial data included the initial estimated procurement price and
the final contracted price of the engineering design services.

To ensure comparability among projects with different technical configurations and
financial scales, the analysis was conducted in four consecutive stages. First, the technical
characteristics and financial data of the selected projects were compiled and standardized.
Second, project technical complexity was quantified using the Project Complexity Score (PCS).
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Third, contracted design prices were compared with estimated justified design prices, and the
Design Price Adequacy Ratio (DPAR) was calculated. Finally, statistical relationships between
project complexity and design service prices were examined, and the obtained results were
interpreted through comparative analysis of projects with different complexity levels.

The methodological framework was therefore structured to evaluate two interconnected
dimensions of engineering design service pricing: whether higher project complexity is
associated with higher contracted design prices and whether the financial resources allocated
through procurement procedures are proportionate to the estimated justified cost of the
engineering design activities required.

Research Results

Financial Characteristics of the Selected Procurement Procedures

The empirical analysis included 30 public procurement procedures for engineering
design services related to water supply, irrigation, and associated infrastructure projects in the
Republic of Armenia. The analyzed procedures covered projects with substantially different
construction costs and corresponding design price scales, providing an appropriate empirical
basis for evaluating variations in the financial resources allocated for engineering design
activities.

The construction costs of the analyzed projects ranged from approximately AMD 8.10
million to AMD 800.00 million. Depending on the construction cost category, the estimated
justified design prices were calculated using design price rates ranging from 2—-3% to 6—7%.
The comparison revealed substantial variation between the estimated justified design price
ranges and the prices established in the procurement procedures.

The results demonstrate that the analyzed procurement procedures cannot be
characterized by a uniform relationship between construction cost and design service pricing.
While some procurement prices were within or close to the estimated justified price ranges, a
considerable number of cases were characterized by substantial underpricing. Several
procedures showed particularly large discrepancies, with procurement prices representing only
a fraction of the estimated minimum design price.

Tab. 1 presents the complete financial dataset used as the initial empirical basis for the
subsequent analysis of project complexity and design price adequacy.

Project Complexity Assessment Using the Project Complexity Score (PCS)

To evaluate differences in the engineering workload associated with water supply and
irrigation infrastructure projects, project technical complexity was quantified using the Project
Complexity Score (PCS). The indicator was developed to transform the principal technical
characteristics of the analyzed projects into a comparable quantitative measure of engineering
complexity.

The PCS framework includes six technical components that directly influence the
volume of investigations, engineering calculations, hydraulic analysis, interdisciplinary
coordination, and design documentation required during project preparation: the number of
settlements served, total pipeline length, number of water intake structures, pumping stations,
regulating reservoirs, and water treatment facilities.
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Table 1

Financial Characteristics of the Analyzed Procurement Procedures

Project Construction Cost Applicable Estimated Justified Procurement Price

(AMD million) | Design Rate (%0) Design Price (AMD (AMD million)

million)

P1 565.00 2-3 11.30-16.95 3.50
P2 800.00 2-3 16-20 12.75
P3 23.69 6-7 1.42-1.66 1.056
P4 66.00 6-7 3.96-4.62 4.40
P5 257.94 3-4 7.74-10.32 18.00
P6 51.78 6-7 3.11-3.62 2.20
P7 47.14 6-7 2.83-3.30 3.00
P8 37.40 6-7 2.24-2.62 3.10
P9 25.00 6-7 1.50-1.75 0.50
P10 13.20 6-7 0.79-0.92 0.80
P11 27.50 6-7 1.65-1.93 2.00
P12 20.60 6-7 1.24-1.44 1.20
P13 55.00 6-7 3.30-3.85 1.80
P14 8.10 6-7 0.54-0.63 0.90
P15 81.40 6-7 4.88-5.70 4.00
P16 12.21 6-7 0.73-0.85 0.40
P17 33.00 6-7 1.98-2.31 8.00
P18 ~18-22 67 1.08-1.54 0.25
P19 8.80 6-7 0.53-0.62 0.60
P20 24.45 67 1.47-1.71 1.50
P21 214.50 4-5 8.58-10.73 9.30
P22 20.90 6-7 1.25-1.46 1.344
P23 157.30 4-5 6.29-7.87 2.90
P24 9.60 6-7 0.58-0.67 0.60
P25 209.00 4-5 8.36-10.45 5.60
P26 230.00 4-5 9.20-11.50 2.00
P27 250.80 3-4 7.52-10.03 2.34
P28 ~28-35 6-7 1.68-2.45 1.64
P29 209.00 4-5 8.36-10.45 9.225
P30 223.27 4-5 8.93-11.16 10.55

Source: Authors’ calculations based on public procurement documentation.

Because the selected technical components differ in measurement units and potential
ranges, their raw values cannot be directly aggregated. Therefore, each component was
transformed into a standardized component score using predefined ordinal scoring intervals.
The scoring intervals were established to represent increasing levels of engineering workload
associated with each technical characteristic.

The Project Complexity Score was calculated as:

PCS = wyS + wyL + w3l + wyP + wsR + wgT
where: S is the standardized score for the number of settlements served; L is the standardized
score for total pipeline length; I is the standardized score for the number of water intake

structures; P is the standardized score for the number of pumping stations; R is the standardized
score for the number of regulating reservoirs; T is the standardized score for the number of
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water treatment facilities; and wi—ws are the weighting coefficients assigned to the respective
technical components.

The weighting coefficients were introduced because the selected technical components
do not contribute equally to engineering workload. Pipeline length primarily affects the volume
of surveying, hydraulic calculations, longitudinal profiles, and preparation of linear
infrastructure documentation. Water intake structures, pumping stations, regulating reservoirs,
and treatment facilities require additional structural, hydraulic, mechanical, electrical,
technological, and automation design activities. The number of settlements served increases the
spatial distribution of the project and the requirements for network coordination, demand
assessment, and integration of individual system components.

For the present comparative assessment, the following weighting structure was
applied:
Table 2
Weighting Coefficients Used for the Calculation of the Project Complexity Score (PCS)

Technical Component Symbol | Weight
Number of settlements served | S 0.15
Total pipeline length L 0.20
Water intake structures | 0.15
Pumping stations P 0.15
Regulating reservoirs R 0.15
Water treatment facilities T 0.20
Total 1.00

Each technical component was evaluated on a five-point ordinal scale ranging from 1 to
5. A score of 1 represents projects with a limited technical scope, while a score of 5 represents
projects characterized by a large number or substantial scale of technical components and,
consequently, greater engineering workload.

Table 3
Scoring Criteria for the Technical Components of the Project Complexity Score (PCS)
Score Settlements Pipeline Water Pumping Regulating Treatment
Served | Length (km) Intakes Stations Reservoirs Facilities
1 1 <5 0 0 0-1 0
2 2-3 >5-15 1 1 2-3 1
3 4-6 >15-30 2 2 4-6 2
4 7-10 >30-50 3 3 7-10 3
5 >10 >50 >4 >4 >10 >4

The resulting PCS values range theoretically from 1.00 to 5.00. For interpretation and
comparative analysis, the projects were classified into four complexity levels.

Table 4
Classification of Projects According to the Project Complexity Score (PCS)
PCS Range | Complexity Level
1.00-1.99 Low complexity
2.00-2.99 Moderate complexity
3.00-3.99 | High complexity
4.00-5.00 | Very high complexity
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The proposed PCS framework provides a consistent quantitative basis for comparing
projects with different technical configurations. Rather than using construction cost as a proxy
for engineering complexity, the indicator directly incorporates the principal infrastructure
components that determine the scope of engineering investigations, calculations, coordination
activities, and preparation of design documentation.

The calculated PCS values were subsequently compared with the procurement prices
and estimated justified design prices presented in Table 1. This comparison was used to
examine whether higher project complexity was accompanied by a corresponding increase in
design financing and to identify potential inconsistencies between engineering workload and
the financial resources allocated for project preparation.

Project Complexity Results

The application of the proposed PCS framework requires the technical characteristics
of each analyzed project to be converted into standardized component scores according to the
criteria presented in Table 3. The weighted component scores are then aggregated to obtain the
final PCS value for each project.

However, the financial dataset presented in Table 1 does not by itself contain sufficient
technical information for calculating PCS values for all 30 projects. Therefore, the PCS-based
analysis was limited to those procurement procedures for which the available documentation
provided complete and comparable information on the technical components included in the
PCS framework.

Based on the completeness of the available technical documentation, projects with
sufficient information on the number of settlements served, pipeline length, water intake
structures, pumping stations, regulating reservoirs, and treatment facilities were selected for the
PCS-based assessment. For each selected project, the original technical characteristics were
converted into standardized scores using the criteria presented in Table 3, after which the
weighted PCS value was calculated according to the adopted weighting coefficients.

The calculated component scores and the resulting PCS values for the selected projects
are presented in Table 5. The table provides the quantitative basis for comparing project
technical complexity with the corresponding design service prices and for the subsequent
calculation of the Design Price Adequacy Ratio (DPAR).

Due to the absence of complete and comparable technical component data for all 30
procurement procedures, the subsequent price adequacy assessment was based primarily on the
financial dataset presented in Table 1, while the PCS framework was used as a methodological
basis for interpreting project complexity differences.

Design Price Adequacy Assessment

To quantitatively evaluate the adequacy of design service pricing, the procurement
prices presented in Table 1 were compared with the estimated justified design prices. Since the
justified design price was expressed as a range, the midpoint of the corresponding interval was
used as the reference value for comparative calculations.

The Design Price Adequacy Ratio (DPAR) was calculated as:

DPAR = ¢F
" JPR
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where CP is the procurement price of the engineering design services and JDP is the estimated
justified design price represented by the midpoint of the corresponding justified price interval.

Table 5
Design Price Adequacy Ratio (DPAR) for the Analyzed Procurement Procedures
Project JDP Midpoint (AMD Procurement Price (AMD | DPAR Interpretation
million) million)
P1 14.125 3.50 0.25 | Underpricing
P2 18.000 12.75 0.71 | Underpricing
P3 1.540 1.056 0.69 | Underpricing
P4 4.290 4.40 1.03 | Relatively
adequate
P5 9.030 18.00 1.99 | Overpricing
P6 3.365 2.20 0.65 | Underpricing
P7 3.065 3.00 0.98 | Relatively
adequate
P8 2.430 3.10 1.28 | Overpricing
P9 1.625 0.50 0.31 | Underpricing
P10 0.855 0.80 0.94 | Relatively
adequate
P11 1.790 2.00 1.12 | Relatively
adequate
P12 1.340 1.20 0.90 | Relatively
adequate
P13 3.575 1.80 0.50 | Underpricing
P14 0.585 0.90 1.54 | Overpricing
P15 5.290 4.00 0.76 | Relatively
adequate
P16 0.790 0.40 0.51 | Underpricing
P17 2.145 8.00 3.73 | Overpricing
P18 1.310 0.25 0.19 | Underpricing
P19 0.575 0.60 1.04 | Relatively
adequate
P20 1.590 1.50 0.94 | Relatively
adequate
P21 9.655 9.30 0.96 | Relatively
adequate
p22 1.355 1.344 0.99 | Relatively
adequate
P23 7.080 2.90 0.41 | Underpricing
P24 0.625 0.60 0.96 | Relatively
adequate
P25 9.405 5.60 0.60 | Underpricing
P26 10.350 2.00 0.19 | Underpricing
p27 8.775 2.34 0.27 | Underpricing
P28 2.065 1.64 0.79 | Relatively
adequate
P29 9.405 9.225 0.98 | Relatively
adequate
P30 10.045 10.55 1.05 | Relatively
adequate

Source: Authors’ calculations based on the financial data presented in Table 1.
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Fig. 1. Distribution of the Design Price Adequacy Ratio (DPAR) across the Analyzed
Procurement Procedures

The distribution of DPAR values across the analyzed procurement procedures is
presented in Fig. 1. The figure visually demonstrates substantial differences between
procurement prices and estimated justified design prices. While a considerable number of
procedures fall within the relatively adequate pricing range (0.75 < DPAR < 1.25), several cases
are located substantially below or above the adopted adequacy thresholds. Particularly
pronounced deviations are observed for P17 on the upper side and for P18 and P26 on the lower
side. The simultaneous presence of substantial underpricing and overpricing provides additional
evidence of inconsistencies in the existing pricing practices for engineering design services.

For interpretation purposes, DPAR values below 1.00 indicate that the procurement
price is lower than the estimated justified design price, while values above 1.00 indicate that
the procurement price exceeds the estimated justified reference value. In this study, DPAR
values below 0.75 were interpreted as underpricing, values from 0.75 to 1.25 as relatively
adequate pricing, and values above 1.25 as overpricing.

The DPAR results reveal substantial variation in the adequacy of design service pricing
across the analyzed procurement procedures. Of the 30 cases, 12 were classified as underpriced,
14 as relatively adequate, and 4 as overpriced. Thus, 40% of the analyzed procedures were
characterized by design prices below the adopted adequacy threshold, while only 46.7% fell
within the relatively adequate pricing range. The remaining 13.3% exceeded the upper
adequacy threshold. These results indicate that design service pricing practices are highly
heterogeneous and that a considerable proportion of procurement procedures do not provide
financial resources proportionate to the estimated justified design price.

The calculated DPAR values ranged from 0.19 to 3.73, indicating substantial differences
in the relationship between procurement prices and estimated justified design prices. The lowest
DPAR values were observed for P18 and P26 (0.19), followed by P1 (0.25) and P27 (0.27),
demonstrating cases in which the procurement price represented only a small fraction of the
estimated justified design price. Conversely, P17 showed the highest DPAR value (3.73),
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followed by P5 (1.99) and P14 (1.54), indicating substantial overpricing relative to the adopted
reference value. The simultaneous presence of pronounced underpricing and overpricing
suggests the absence of a consistent pricing mechanism capable of maintaining proportionality
between procurement prices and estimated engineering design requirements.

The distribution of DPAR values further demonstrates that deviations from the
estimated justified design prices were not limited to isolated procurement procedures.
Underpricing was observed across projects with different construction costs and design price
scales, indicating that inadequate design financing cannot be attributed exclusively to a
particular project size category. Similarly, relatively adequate and overpriced cases were
distributed across different financial groups. This pattern suggests that the observed pricing
inconsistencies are systemic rather than associated solely with the financial scale of individual
infrastructure projects.

Overall, the DPAR analysis demonstrates that the existing procurement pricing practices
do not consistently ensure proportionality between the financial resources allocated for
engineering design services and the estimated justified design prices. The results support the
need for more transparent and quantitatively grounded pricing approaches that can reduce
extreme deviations and improve the financial adequacy of engineering design contracts.

The identified variation in DPAR values raises an important question regarding the
factors responsible for the observed pricing inconsistencies. Since projects with different
construction costs exhibited underpricing, relatively adequate pricing, and overpricing,
construction cost alone does not appear to provide a sufficient basis for determining appropriate
design service prices. The obtained results therefore require further interpretation in relation to
project technical complexity, procurement pricing practices, and the potential consequences of
inadequate design financing.

Discussion

The results demonstrate that the pricing of engineering design services cannot be
adequately explained by construction cost alone. The coexistence of substantial underpricing,
relatively adequate pricing, and overpricing across projects of different financial scales
indicates that the current pricing approach does not consistently reflect the actual engineering
workload required for project preparation. This finding is particularly important for water
supply and irrigation infrastructure projects, where the volume of engineering investigations,
hydraulic calculations, technical solutions, and interdisciplinary coordination depends strongly
on project configuration and technical complexity.

The DPAR distribution also indicates that the observed pricing inconsistencies cannot
be interpreted simply as a general tendency toward underpricing. Although underpriced
procedures constituted a substantial share of the analyzed cases, several projects were
characterized by procurement prices considerably exceeding the estimated justified reference
values. This bidirectional variation suggests that the principal problem lies not only in
insufficient financing but also in the absence of a consistent and transparent mechanism for
determining design service prices. A pricing system that produces both pronounced
underpricing and overpricing may lead to inefficient allocation of public resources and reduce
the predictability of engineering service procurement.
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The results further indicate that construction cost-based pricing approaches should be
complemented by explicit consideration of project technical complexity. Projects with similar
construction costs may differ substantially in the number and type of infrastructure components,
spatial extent, hydraulic configuration, and interdisciplinary design requirements.
Consequently, the engineering workload associated with project preparation may vary even
when projects belong to the same financial category. The PCS framework proposed in this study
provides a methodological basis for incorporating these differences into the assessment of
design service pricing and for moving toward more complexity-sensitive procurement
practices.

The financial adequacy of engineering design contracts may also have implications for
the quality of project preparation. When procurement prices are substantially lower than the
estimated justified design prices, design organizations may face constraints in allocating
sufficient resources to field investigations, engineering calculations, alternative analysis,
technical verification, and interdisciplinary coordination. Conversely, procurement prices
considerably exceeding justified reference values may indicate inefficient allocation of public
funds. Therefore, improving design service pricing requires a balanced approach that seeks to
ensure sufficient financing for technically adequate project preparation while simultaneously
preventing unjustified expenditure of public resources.

The proposed combination of DPAR and PCS also has practical implications for public
procurement decision-making. DPAR enables the identification of substantial deviations
between procurement prices and estimated justified design prices, whereas PCS provides a
structured basis for considering differences in project technical complexity. Used together,
these indicators can support a more transparent preliminary assessment of whether the financial
resources allocated for engineering design services are broadly consistent with the
characteristics of the project. However, they should be regarded as decision-support tools rather
than substitutes for detailed cost estimation and professional engineering judgment.

The findings of this study are consistent with previous research emphasizing that
procurement decisions based predominantly on price may not adequately reflect the
requirements of professional engineering services [17-22]. At the same time, the results extend
the existing literature by demonstrating that the problem is not limited to lowest-price selection
alone. The substantial dispersion of DPAR values indicates broader inconsistencies in the
relationship between procurement prices and estimated justified design costs. This finding
supports the need to complement conventional procurement criteria with quantitative indicators
capable of evaluating price adequacy and project-specific engineering complexity.

The study has several limitations that should be considered when interpreting the results.
The analysis was based on a limited dataset of public procurement procedures and on estimated
justified design price ranges derived from the adopted pricing approach. In addition, complete
and comparable technical data required for calculating PCS values were not available for all
analyzed projects, which limited the empirical integration of project complexity and price
adequacy. Future research should therefore expand the procurement dataset, apply the PCS
framework to projects with complete technical characteristics, and examine the statistical
relationship between project complexity, design service prices, and subsequent project
implementation outcomes.
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Overall, the findings demonstrate that improving the procurement of engineering design
services requires moving from predominantly cost-based pricing toward a more differentiated
approach that considers both financial adequacy and project-specific technical complexity. The
combined use of DPAR and PCS provides a methodological basis for identifying pricing
inconsistencies and supporting more transparent and technically justified procurement
decisions. Although further empirical validation is required, the proposed framework offers a
practical direction for improving the allocation of financial resources for engineering design
services in water supply and irrigation infrastructure projects.

Conclusions

1. The analysis demonstrated substantial inconsistencies between the procurement prices of
engineering design services and the estimated justified design prices for water supply and
irrigation infrastructure projects. Only 46.7% of the analyzed procedures were classified as
relatively adequate, while 40.0% were characterized by underpricing and 13.3% by
overpricing.

2. The calculated DPAR values ranged from 0.19 to 3.73, revealing substantial dispersion in
the relationship between procurement prices and estimated justified design prices. The
simultaneous occurrence of pronounced underpricing and overpricing indicates that the
identified problem cannot be explained solely by a general tendency toward insufficient
financing of engineering design services.

3. The distribution of DPAR values across projects with different construction costs
demonstrates that pricing inconsistencies are not confined to a particular financial scale of
infrastructure projects. Construction cost alone therefore does not provide a sufficient basis
for determining financially adequate prices for engineering design services.

4. The results support the need to complement construction cost-based pricing approaches
with explicit consideration of project-specific technical complexity. The proposed PCS
framework provides a structured methodological basis for representing differences in
engineering workload associated with the number, scale, and configuration of the principal
technical components of water infrastructure projects.

5. The combined application of DPAR and PCS provides a methodological framework for
evaluating engineering design service pricing from two complementary perspectives:
financial adequacy and project technical complexity. These indicators may support more
transparent and technically justified procurement decisions but should be used as decision-
support tools rather than substitutes for detailed cost estimation and professional
engineering judgment.

6. Substantial underpricing of engineering design services may restrict the resources available
for field investigations, engineering calculations, alternative analysis, technical verification,
and interdisciplinary coordination, thereby increasing risks related to the quality of project
preparation. Conversely, substantial overpricing may lead to inefficient allocation of public
financial resources.

7. The findings demonstrate the need for a more transparent, differentiated, and quantitatively
grounded mechanism for determining the prices of engineering design services in public
procurement procedures. Such a mechanism should seek to ensure proportionality between
the technical characteristics of infrastructure projects, the engineering workload required
for project preparation, and the financial resources allocated for design activities.

8. Further research should expand the empirical procurement dataset, apply the PCS

framework to projects with complete and comparable technical characteristics, and
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statistically examine the relationships between project complexity, design service pricing,
and subsequent project implementation outcomes. Such analysis would allow further
validation and refinement of the proposed methodological framework.
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qqwhnpbu guoép Bu twhuwgdtiph wwwowéd twhuwwwwnpwundwt hwdwp wuhpwdtion
hwoywplwjht  wpdtipubphg: Unwgwd wprynipubpp Jyuynd Gu, np bwfuwgdbipp
pwpnnyentup b hudbubpwywt wyfuwnwupubiph dwyw)p hwdwlwpgwsd Yapwny sbu
ubpwnynid twhuwgdwiht dwnwjnyejniuttiph wpdtipubiph npnadwu gnpdpupwgnid:

Lbinwgnuniyentup Bgpwlwgunid £, np bwjuwgdtiph pwpnnyejwu swhwuhpubiph L
quwjht hwdwnpdbpnysjwu pwuwlwlwu gnigwuhpubph tbpwnndp wbwnwlwu qunudubiph
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wjwuwynpdwt gnpdpupwgnd Ywpnn L pwpdpwgub] bwhuwgdwiht dwnwjnyesjntuubiph
quwgnjugdwu pwthwughynye it nit wbfuuhluwlwu hhduwynpdwdnyejniup, ujwqbguby
rptpbhuwtuwynpjwsd twhuwgdwiht wofuwwnwupubiph hbun Yuwdwsd nhulbipp b byywuwnb
opwiht  Bupwlwnnigwdpubiph  Uwfuwgdtph  Uwjuwwwwpwundwu  npuwyh
wnryniuwybinnyejwu pwpdpwgdwun:

Pwbugh pwnbp'  wbunwlwl gqundubp,  Uwhuwgdwiht  dwnwnyejniuubph
quwgnjugnud, twfhuwgdbiph pwpnniejnu, Project Complexity Score (PCS), Design Price
Adequacy Ratio (DPAR), opwdwuinwlwpwpdwu hwdwlwpgbp, nnngdwt hwdwlwpgbn,
hudtiubpwywt bwhuwgdnid:

CJIOKHOCTD ITPOEKTOB U HEHOOBPA3OBAHUME ITPOEKTHbBIX
YCJIYT BTI'OCYJIAPCTBEHHBIX 3AKYIIKAX TIPOEKTOB BOJHOM
NHOPPACTPYKTYPbBI

0.B. Tokmamxsn®, A.X. Mapkocsan?, .1O. laacrsn?
YUnemumym e00nwix npo6nem u cuopomexnuxu um. axao. M.B.Ezuazaposa
2Apmanckuii Focyoapcmeennuiii Dkonomuueckutl Yuusepcumem

[leHooOpa3oBaHne MHKEHEPHO-MPOCKTHBIX YCIYT SBISIETCS BaXKHBIM KOMIIOHEHTOM
MOATOTOBKH HH(PACTPYKTYPHBIX MPOEKTOB W HEMOCPEICTBCHHO BIMSACT HA CIIOCOOHOCTH
NPOCKTHBIX OpraHW3alMii BBITOJNHITh HM3bICKAHHS, pacy€éThl M TEXHHUYECKHE paloTHl,
HEOOXOIMMBIE JUTS Pa3pabOTKK HAAEKHON MPOSKTHOM JToKyMeHTarmd. OHAKO B MPOIIEaypax
rOCYyapCTBEHHBIX 3aKyIOK CTOMMOCTh TIPOSKTHBIX YCIYT MOXET OIpeneisiThess 0e3
CHCTEMAaTHYECKOTO y4éTa TEXHHYECKOW CIIOKHOCTH MPOEKTOB M (DAKTHIECKOro 00BEMa
WHKCHEPHBIX paboT.

Llenbro HACTOSIIETO UCCIICTOBAHUS SIBIISICTCS OI[CHKA aJIeKBATHOCTH IICHOOOPa30BaHHUs
HPOEKTHBIX YCIyr B MPOIEAypax TOCYJIapCTBEHHBIX 3aKYIOK MPOEKTOB HHQPACTPYKTYpbhI
BOoJiocHaOkeHuss M opouieHuss B PecnyOnuke Apmenus. MccienoBaHue OCHOBaHO Ha
CPaBHUTEILHOM AaHAW3¢ BBHIOPAHHBIX TMPOLEAYP 3aKYIOK, XapaKTePUCTUK MPOCKTOB,
JIOTOBOPHBIX IIEH M PACYETHON CTOMMOCTH TPOCKTHBIX paboT, OMpeNe€HHOW Ha OCHOBE
OPUMEHSIEMbIX MOAXOAOB K II€HOOOpa3oBaHMIO. TeXHHYeCKas CJI0XHOCTh MPOCKTOB
OlICHMBAETCs C MCHOJib30BaHuMeM mokaszarens Project Complexity Score (PCS), koropsiit
YUYUTBHIBAET OCHOBHBIC HHI)KCHEPHBIC KOMIIOHEHTHI IPOEKTOB BOIHOH HH(MPACTPYKTYPHI,
BKJIIOYAs  KOJIMYECTBO  OOCITY)XHMBAaCMBIX  HACCAEHHBIX  IMYHKTOB,  MPOTSHKEHHOCTH
TpyOOIPOBOIOB, BO/I03a0OpPHBIC  COOPY)KEHHsS, HACOCHBIC CTAHIMH, PETYIUPYIOLIHNE
pe3epByaphl U COOPYKEHHSI BOJIOIOATOTOBKH.

B xoie aHami3a COMOCTAaBISIFOTCS YPOBHH CJIOKHOCTH IPOCKTOB M CTOMMOCTb
MPOEKTHBIX YCIIYT, YCTaHOBJICHHAS B MPOIIEAypax 3aKyMoK, C IIEIbI0 OMpEeAeTeHHs TOro,
COTPOBOX/IACTCS JIM YBEINYCHHE TEXHUUCSCKOH CII0KHOCTH COOTBETCTBYIOIIUM yBEIUICHHEM
(bMHAHCOBBIX PECypCOB, BBIICISIEMBIX Ha BBIIOJHEHUE NMPOCKTHBIX padoT. [l mpoBeneHus
CpaBHUTEILHON OLICHKHU TMpeajiaraetcs nokaszarenab Design Price Adequacy Ratio (DPAR),
onpenensieMblii KaK OTHOIICHUE JOTOBOPHOM CTOMMOCTH IPOCKTHBIX YCIYr K pPacy&THOM
000CHOBAaHHOW CTOMMOCTH MTPOCKTHPOBAHUSL.
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Pe3ynbpraTel HcClieIOBaHUS BBIABISIOT CYIIECTBCHHBIE HECOOTBETCTBUS MEXKIY
TEXHUYECKOH CIOXHOCTHIO MPOEKTOB U IIEHOOOPA30BaHMEM NPOEKTHBIX YCIyT. [IpoeKTsl,
3HAYUTEIHHO PA3IHYAIOIINECs 110 00BEMY U CI0)KHOCTH HHKEHEPHBIX paboT, MOTYT IOJy4aTh
COIOCTaBUMbIE O0BEMBI (DPMHAHCHPOBAHHS MPOCKTHPOBAHHUSA, TOTAA KaK B psAIE CIIydacB
JIOTOBOpHAsl CTOMMOCTH TIPOEKTHBIX YCIYr 3HAUUTEIbHO HIDKE pPAcU€THBIX 3HAYCHUH,
HEOOXOIMMBIX ISl HaJUIeXkalled IOATOTOBKM TNPOeKToB. llodydeHHble pe3ysibTaThl
CBHJICTEIBCTBYIOT O TOM, YTO TEXHUYECKAsl CIIOKHOCTh IIPOEKTOB M 00BEM MHKEHEPHBIX PadoT
CHCTEMaTHUYECKH HE YUUTHIBAIOTCS MIPH ONPEIEICHUN CTOMMOCTH MIPOSKTHBIX YCIYT.

B wuccnenoBanum nemaercss BBIBOA O TOM, YTO BKJIIOYCHUE KPHUTEPUEB CIIOKHOCTH
NPOCKTOB M KOJHMYECTBEHHBIX IIOKa3aTeJed aJleKBaTHOCTH CTOMMOCTH B  IPOIECC
IUIAHUPOBAHHS TOCYAapPCTBEHHBIX 3aKYNOK MOXET HMOBBICUTH MPO3PAYHOCTh U TEXHHYECKYIO
000CHOBAaHHOCTh II€HOOOPA30BaHMs IPOEKTHBIX YCIYT, CHHU3UTh PHCKH, CBSI3aHHBIE C
HEJIOCTaTOYHBIM (PMHAHCUPOBAHUEM IPOEKTHBIX paboT, M CIIOCOOCTBOBATH MOBBIIICHUIO
KadecTBa 1 3((HEKTUBHOCTH IMOATOTOBKH IMPOEKTOB BOAHON HH(PACTPYKTYPHI.

Knrwouesvie cnosa: rocyJapCTBEHHBIE 3aKYIIKH; [IEHOOOpa30BaHUE MPOEKTHBIX YCIYT;
ciokHocTh TpoekToB; Project Complexity Score (PCS); Design Price Adequacy Ratio
(DPAR); cucTeMbl BOJIOCHA0XKEHUS; OPOCUTEIbHBIC CHCTEMbI; HH)KEHEPHOE IPOCKTUPOBAHUE.
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