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CHAPTER 8

A decision-making system for managing  
the remediation of water resources in  

the Kherson region: agent-oriented modeling in  
the context of post-war economic recovery
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Nataliya Tanklevska
Bohdan Cherniavskyi

Abstract
The study explores the theoretical and practical aspects of managing the reme-

diation of territories in Ukraine affected by military activities. The authors argue for 
the necessity of employing unconventional scientific approaches to address military 
contamination, reconstruct and restore infrastructure following the largest war in 
Europe in terms of destruction and consequences since World War II. In the context 
of mitigating the environmental disaster caused by the destruction of the Kakhovka 
Hydroelectric Power Plant dam, the authors propose the implementation of a sim-
ulation-based agent-oriented model for remediating water resources in the Kher-
son region. This model integrates geographic information systems, artificial intelli-
gence, machine learning, and the Agile approach. According to the authors, the use 
of agent-oriented modelling in designing a management system for remediating mil-
itary contamination on affected territories is a promising direction that can signifi-
cantly improve the efficiency and effectiveness of recovery efforts. The developed 
and implemented models are designed to account for the complex interactions and 
dynamics of events in the socio-economic and ecological systems during remediation 
efforts. This approach will contribute to the optimal decision-making process for ef-
fective management solutions. It is substantiated that the integration of the project 
with advanced technologies and innovative engineering solutions can minimize the 
time required for remediation and multiply the effects of the recovery efforts.

As a platform for effective project management, the authors propose using the 
Agile approach, which has already proven to be a highly efficient method of manag- 
ing teams in conditions of uncertainty. Agile emphasizes flexibility, adaptability, and 
active collaboration. This method will facilitate the involvement of all key stake-
holders at every stage of project implementation, including government authorities,  
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local administrations, public utilities, contractor companies performing remediation 
work, and international partners. This will help ensure transparency and synchroni-
zation of actions among all key agents, forming the basis of agent-oriented modelling. 
The implementation of the remediation and restoration project for water resources 
in the Kherson region is critically important to ensure water availability and restore 
the region's economic activities after the cessation of military operations.

Keywords
Agent-Oriented Modelling, remediation, water resources, Agile approach, Geo-

graphic Information Systems, Artificial Intelligence, Machine Learning, post-war 
recovery, management system, agricultural business, Ecosystem, economic benefit.

8.1  Introduction

The international community recognizes that the war in Ukraine, the second- 
largest in scale and destruction since World War II, has caused significant damage 
to the country's ecosystems and natural resources. According to the Ministry of En-
vironmental Protection and Natural Resources of Ukraine, by early 2024, the total 
damage caused by the war amounted to 60 billion USD. This figure includes forest 
destruction, water resource contamination, and biodiversity loss. Approximately 
9,300 square miles of forests were destroyed by fires ignited during combat, con-
tributing to increased carbon emissions. Reports highlight that attacks on industrial  
facilities and water treatment plants have contaminated freshwater resources.  
Additionally, over 67,000 square miles of territory have been affected by landmi
nes and unexploded ordnance. Irreparable harm to wildlife has also been observed, 
including the extinction of rare species in nature reserves and the loss of fauna.  
Particularly notable is the ecocide resulting from the destruction of fish in the Ka
khovka Reservoir and the biocenosis damage to the Dnipro River's coastal zone [1].

The study highlights the urgent need for innovative strategies, particularly after 
the Kakhovka Hydroelectric Power Plant (HPP) dam's collapse, to manage ecological 
disasters and restore critical resources like water. Modern hybrid conflicts require 
advanced technologies such as Geographic Information Systems (GIS), Artificial In-
telligence (AI), and Machine Learning (ML) to address contamination and socio-eco-
nomic disruptions effectively. The proposed Agent-Oriented Modeling  (AOM) 
project identifies key agents and integrates advanced technologies to optimize deci-
sion-making and enhance coordination among stakeholders.

Agile project management ensures flexibility, adaptability, and active collabora-
tion, enabling iterative adjustments based on real-time feedback. The research aims 
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to develop a decision-making system that integrates AOM, Information Technolo-
gy  (IT) solutions, Internet of Things (IoT) devices, and AI-driven analytics to enhance 
the efficiency of remediation efforts. This integration is expected to create a syner-
gistic effect, addressing multifaceted challenges in post-conflict recovery and con-
tributing to sustainable regional development.

The proposed system will expedite water resource restoration in the Kherson 
region, ensuring supply for agricultural, industrial, and domestic needs. It also aims 
to optimize resource allocation and improve transparency and accountability among 
stakeholders, offering a scalable model for managing ecological remediation in 
post-conflict regions globally.

8.2 � The genesis of military contamination remediation: preconditions and 
reasons for the paradigm shift

The essence of the phenomenon under study is deemed expedient to be revealed 
by identification of the major aspects of the underlying cause, namely, of the conse-
quences resulted from military activities. In the context of remediation of military 
contamination, the term "military activity", in the author's opinion, can be charac-
terized as a totality of diverse activities and operations undertaken by the armed  
forces of a particular state or other paramilitary formations, involving various forms 
of combat operations, training maneuvers, testing and operation of military equip-
ment and weapons, logistical operations, as well as construction and operation of 
military facilities. Significant environmental exposures often accompany such ac-
tivities and can result in various levels of soil, water and air contamination, which 
require remediation activities to restore ecological balance and mitigate risks to hu-
man health and ecosystems.

Military activities, encompassing operations, training, and logistics, impose ex-
tensive environmental impacts that require a comprehensive understanding and 
mitigation approach. Explosive use, armored platforms, aviation, and large-scale 
maneuvers during military operations result in soil contamination with heavy me
tals, toxic chemicals, and unexploded ammunition. Water reservoirs are polluted 
by petroleum leaks and untreated wastewater, while air quality deteriorates due to 
emissions from fuel combustion and explosions, spreading toxic gases and aerosols. 
The destruction of infrastructure compounds these effects, releasing hazardous ma-
terials into ecosystems and severely disrupting environmental balance.

The health implications of military contamination are equally profound. Chemi-
cal weapons and toxic residues from ammunition exposure lead to acute and chronic 
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illnesses, including cancer, neurological disorders, and respiratory conditions. Radio-
active emissions from nuclear weapons testing and the use of depleted uranium in 
ammunition result in lasting health problems such as genetic mutations and kidney 
failure. Additionally, activities like armament testing and large-scale military training 
contribute to ecosystem disruption and the release of hazardous substances, further 
amplifying the ecological and human health crises associated with military actions.

Military logistics, including the transportation of equipment and construction 
of temporary and permanent facilities, add to the strain on the environment by 
degrading soil, water, and natural habitats. These diverse and interconnected im-
pacts emphasize the necessity of an integrated strategy for remediation to address  
soil, water, and air contamination while safeguarding public health and restoring af-
fected ecosystems.

Problems of environmental contamination resulting from military activities, as 
well as integrated mechanisms for remediation of the territory, will be addressed 
in the present research paper. However, military activities, apart from the negative 
consideration described above, result in much broader consequences, including 
genocide, ecocide, and urbicide.

Consequently, the recent events currently occurring in the world and in Ukraine 
enhance the relevance of the present research. In the context of the above, an analy-
sis of historical data is deemed appropriate.

Thus, in the book J. Cummins "Why Some Wars Never End: The Stories of the 
Longest Conflicts in History", Swiss scholar J.-J. Babel cites a calculation stating that 
mankind has experienced only 292 years of peace over 5,500 years of the document-
ed history. Wars, despite their apparent completeness, continue to be an enduring 
phenomenon, and multi-generational conflicts constitute complex historical pro-
cesses involving multiple factors and consequences. In his book, J.-J. Babel studies 
such conflicts with special concern for their origins and pivotal episodes, as well as 
analyses the causes for their continuity and residual effects [2].

Periods of absolute peace amount to merely around 300 years in the entire histo-
ry of the mankind. In accordance with Brockhaus and Ephron Encyclopaedia, the his-
tory of nations is presented in the form of a continuous war, where periods of peace 
are only temporary truces based on fear and distrust rather than on fraternal love 
and mutual trust [3].

One of the key factors underlying the relevance and significance of this research 
is that contemporary military conflicts introduce new types of contaminants and 
their combinations, which exacerbate their impact on ecosystems and biocenoses 
while also posing serious health risks to populations, including genetic health.  
In the 20th century, most scientific studies focused on eliminating specific pollutants 
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associated with particular types of military activities. However, the global communi-
ty now faces the increasing complexity of military conflicts and the consequent need 
to shift paradigms in managing their aftermath and recovery processes.

Summarizing the above, it can be concluded that military activities in the early 
21st century have undergone radical changes, resulting in the emergence of new types 
of contamination. This has significantly complicated the processes of remediating 
contaminated territories. Contemporary contaminants, such as nanomaterials, ad-
vanced chemical and biological agents, require the development of new methods and 
approaches for remediation. Undoubtedly, the growing complexity of military opera-
tions' impacts on ecosystems and human health demands a comprehensive approach 
encompassing technological innovations, international cooperation, and socio- 
economic measures. Effective remediation of military contamination is only possi-
ble through a systemic approach involving active participation from all stakeholders.

Delving deeper into the theoretical understanding of remediation as a scientific  
concept, it is worth noting that current scientific literature primarily focuses on 
narrowly defined studies, such as soil restoration or water remediation. There are 
also studies dedicated to remediating environments following specific large-scale 
military actions. However, the authors believe that military conflicts and their asso-
ciated ecological catastrophes (as in the case of the Kakhovka Hydroelectric Power 
Plant dam destruction) act as catalysts for advancing comprehensive scientific re-
search and development in the remediation field. The urgency of addressing complex 
environmental problems stimulates the application of unconventional approaches, 
as well as the development of technologies and innovations aimed at environmen-
tal protection and restoration. Moreover, the emergence of new contaminants and 
the increasing complexity of pollution require constant adaptation to conditions of 
uncertainty, as well as constraints in time and resources. Consequently, remedia-
tion strategies must become more comprehensive and interdisciplinary, uniting 
the efforts of economists, managers, engineers, ecologists, and safety experts. This 
integration is where the effectiveness and viability of management decision-mak-
ing mechanisms at all levels of the territorial socio-economic system's hierarchy  
are realized.

The considerations outlined above underpin the hypothesis of this study: the 
nature of modern warfare manifests in the increasing complexity of technological 
and technical approaches to its conduct, ultimately influencing its consequences, 
including those for the environment and societal well-being in specific territories.  
Thus, the remediation of a particular socio-economic system (e.g., Ukraine) is inher-
ently multi-level and multi-vector, with its effectiveness directly dependent on the 
functionality of management mechanisms at the macro, meso, and micro levels.
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8.3 � Comparative analysis of methodological approaches to the study of 
military contamination remediation

In the broadest accepted sense, comparative analysis (lat. comparativus – com-
parative) is the study of different objects or phenomena through comparison. It is 
employed across various fields of knowledge, helping to identify similarities and dif-
ferences, uncover patterns, and develop universal approaches to addressing scientif-
ic challenges. Below, let's present an in-depth analysis of the methodological model 
architecture for remediation, viewed as a set of methods constituting its "core", along 
with complementary scientific methods and techniques suitable for solving specific 
tasks. It is possible to provide a general characterization, features, and applications 
in the context of the issues under investigation in remediation.

According to the authors, the "core" of the methodological model should pri-
marily include an integrated and systemic approach. The integrated approach views 
the elimination of military contamination and subsequent remediation as inter-
connected tasks within a unified algorithm for restoring war-affected territories.  
This approach enables the identification of cause-and-effect relationships bet
ween actions and their outcomes, ensuring the adoption of well-founded, compre-
hensive solutions.

The systemic approach is essential due to the multi-component nature of mi
litary contamination. Territorial systems, as open systems, are influenced by both 
internal and external factors. Military activities disrupt these systems, destabiliz-
ing their functions. The systemic approach examines how changes in one subsystem 
affect others, allowing for consistent and coordinated decision-making at all levels  
of management.

The synergetic scientific approach examines the interactions of various factors 
and methods (in our case, traditional remediation methods and "green remediation" 
techniques) that collectively yield a greater effect than their individual application. In 
the context of remediation, the synergetic approach allows for identifying the most 
optimal combinations of methods that will best restore the ecosystem and provide 
impetus for the sustainable development of the territorial socio-economic system.

The adaptive approach emphasizes the dynamic nature of ecosystems and  
socio-economic systems, constantly influenced by anthropogenic factors. At the 
core of the adaptive approach lies the principle of continuous monitoring, analysis, 
and adjustment of management decisions and actions depending on changing sit-
uations, weather conditions, resource availability, and new incoming information. 
Hence, remediation approaches must be adaptive, enabling responses to emerging 
challenges as they arise.



229

A decision-making system for managing the remediation of water resources in the 
Kherson region: agent-oriented modeling in the context of post-war economic recovery

Chapter 8

The optimization approach in military contamination remediation involves ap-
plying mathematical methods and algorithms to find the best solutions for cleaning 
and restoring territories, considering multiple factors such as environmental, eco-
nomic, and social aspects. Adaptive monitoring and management models are par-
ticularly considered by the authors for their application in adjusting strategic and 
tactical management decisions as new data on the contaminated territory's state 
become available.

This study explores the potential of the agent-oriented approach for identifying 
optimal remediation solutions. Agent-Oriented Modelling (AOM), a type of simu-
lation modelling, operates at the micro-level (e.g., local territorial systems) by sim-
ulating system functionality through agents with unique attributes. This allows for 
the study of interactions within the system and the establishment of connections 
between micro- and macro-levels. A key advantage of AOM is its ability to closely 
replicate real-world systems. In socio-economic models, aggregated agents typically 
represent industries or regions [4, 5].

Scientific literature highlights AOM's extensive application in environmental stud-
ies and resource management, particularly for simulating ecosystems, managing re-
sources, and analyzing pollution impacts. While many studies address socio-environ-
mental management using AOM, its application in military contamination remediation 
remains limited [6–10]. The authors argue that employing AOM in this context holds 
significant potential to enhance the efficiency and effectiveness of remediation efforts.

Among relatively new yet well-established approaches, Agile stands out as high-
ly suitable for achieving the goals of crisis management and rapid response (in our 
case, managing remediation efforts). The Agile methodology was introduced in 2001 
when 17 software development professionals gathered in Utah, USA, to discuss and 
formulate the "Agile Manifesto". Dissatisfied with rigid traditional approaches like 
the waterfall model, the group proposed Agile, which is distinguished by its flexibility, 
ability to adapt to changes quickly, client orientation (in this case, stakeholders in re-
mediation), and continuous improvement. These features make Agile indispensable 
for projects requiring flexibility, adaptability, and the ability to respond rapidly to 
changes, which is ideal for crisis management projects like the remediation of water 
resources in the Kherson region (Fig. 8.1).

Its "core" consists of a set of key scientific methodological approaches – seven 
methods: Agent-Oriented Modelling, the Agile Approach, the Systemic Approach, the 
Comprehensive Approach, the Synergetic Approach, the Adaptive Approach, and the 
Optimization Approach. The "periphery" of the methodological framework includes 
a collection of auxiliary, complementary, and specific research methods designed 
for scientific analysis and addressing particular problems and issues (12 methods).
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Fig. 8.1 Conceptual methodological model for managing the remediation of contaminated 
territories based on the agent-oriented approach

8.4 � Project of a simulation-based agent-oriented model for remediation 
of water resources in the Kherson region

The inspiring impetus for developing a project on the remediation of water re-
sources in the Kherson region based on agent-oriented modelling was a scientific 
study by E. Z. Berglund from North Carolina State University [11]. The author ad-
heres to the idea that the concept of analyzing and understanding systems as com-
plex emergent characteristics of adaptive structural elements offers a new and po-
tentially revolutionary paradigm for a wide range of scientific disciplines. The nature 
of complex adaptive systems lies in studying their structures, composed of numerous 
active and interactive elements or actors (individual agents) with diverse capabilities 
and forms, which possess the ability to adapt through interaction with each other 
and the environment. The author's research focuses on agent-oriented modelling 
of such systems, which allows for designing the behavior of various agents and  
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environments and then experimentally determining the type of complex dynamics 
that would be optimal for process management.

The second most significant contribution to the formation of our conceptual 
framework was the publication by a team of scholars titled "Application of agent-based 
models as a powerful tool in water resource management". The authors highlight 
that human intervention often amplifies the complexity of water resource systems. 
In the context of military activities in Ukraine, these challenges become even more 
critical. Agent-Based Models (ABM) are recognized for effectively modelling complex 
systems, particularly water resources, by simulating the interactions of autonomous 
agents, such as agricultural, industrial, and domestic water users, as well as entities 
managing water resources. These agents, equipped with unique historical memory, 
interact with each other and their environment, collectively shaping the system's 
complexity. ABM provides realistic simulations, enabling policymakers at all levels to 
better understand the outcomes of their decisions, implement bottom-up approach-
es, devise effective strategies, and identify potential risks and consequences [12, 13].

A review of other authors' publications has further convinced us of the validity 
of this approach. Specifically, a study by a group of authors on developing the local 
water supply market using a multi-agent modelling approach was particularly useful 
in identifying key agents in the territory following the implementation of compre-
hensive remediation measures [14]. Another publication by a team of authors on 
data mining methods for water science modelling inspired us to explore the potential 
applications of advanced technologies such as AI, GIS technologies, drones, and ro-
bots in the remediation processes of contaminated territories [15].

In our opinion, after the conclusion of active military actions in Ukraine, particu-
larly in its southern part – the Kherson region –a pressing need will arise to prioritize 
the restoration of water resources. Given the region's predominantly agricultural 
specialization, this necessity is primarily linked to the revival of economic activities. 
Before Russia's military aggression, the region had nearly 2 million hectares of agri-
cultural land, Ukraine's largest area of arable land.

The "Kherson Chamber of Commerce and Industry" highlights the region's stra-
tegic location at the crossroads of transport routes in the lower Dnipro, with access 
to the Black and Azov Seas, favorable climate, and rich human resources, providing 
vast opportunities for trade, economic development, and investment. The region, 
situated on both banks of the Dnipro – the largest waterway in Ukraine – features 
19 rivers, the Black and Azov Seas, the Kakhovka Reservoir, and Europe's largest 
irrigation system spanning 400  hectares  [17]. The destruction of the Kakhovka  
Hydroelectric Dam and the near drying-up of the North Crimean Canal during the 
war already require reflection not only on the consequences for the ecosystem but 
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also on the restoration of the socio-economic system [18]. In our view, it is imperative 
for the highest levels of state governance to initiate the search for optimal methods 
and the implementation of effective projects for the remediation of water resources 
in the Kherson region.

8.4.1  Project baseline data for remediation

The Kakhovka Hydroelectric Power Plant (HPP), named after P. S. Neporozhny, 
was located in southern Ukraine, 5 kilometers from the city of Nova Kakhovka in the 
Kherson region, on the Dnipro River. Its capacity was 334.8 MW.

The construction of the Kakhovka dam and hydroelectric station took four years, 
from 1950 to 1956. The dam complex rose 30 meters high, spanned 3.84 kilometers 
in length, and included both automobile and railway crossings. The construction re-
quired substantial investments and the relocation of approximately 50,000 people. 
Together, the Dnipro cascade of dams provided water supply for domestic, industrial, 
and irrigation purposes across more than half of Ukraine's territory, serving approxi-
mately 35 million people, including water-scarce regions such as Donbas, Kryvyi Rih, 
southern Ukraine, and, until 2014, Crimea [18–22].

The Kakhovka dam retained the waters of the expansive Kakhovka Reservoir, 
which performed multiple functions: supplying water to the hydroelectric power 
plant, industrial enterprises, and freshwater fish farms; protecting against floods; 
and supporting the Krasnoznamenka and Kakhovska irrigation systems as well  
as the Dnipro-Kryvyi Rih and North Crimean canals. Additionally, the reservoir  
created a deep-water route that allowed maritime vessels to travel upstream along 
the Dnipro. The outflow of the Kakhovka Reservoir was regulated seasonally and 
annually, with a standard headwater level of 16 meters.

On June 6, 2023, Russian forces destroyed the Kakhovka HPP. The station's tur-
bines and generators were also blown up along with the dam. The resulting torrent  
swept away everything in its path, flooding several downstream towns and destroy-
ing residential, industrial, and commercial structures. The hydrological consequen
ces of this event had to be assessed using numerous hydrodynamic models and satel-
lite image analyses, as illustrated in Fig. 8.2.

As a result of the disaster, the water level also rose in the Inhulets River, a tribu-
tary of the Dnipro that flows from north to south and joins the Dnipro just upstream 
of Kherson, as clearly illustrated in the provided figure. As of June 9, 2023, approxi-
mately 620 km2 of land within the analyzed satellite area of 19,000 km2 were flooded 
according to hydrological analysis [20].
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Fig. 8.2 Satellite image of the breached Kakhovka Dam
Source: [19]

These findings were further corroborated by the Ministry of Environmental Pro-
tection and Natural Resources of Ukraine, which estimated that the total flooded 
area during the peak flooding period exceeded 630 km2 [19]. The decline in water 
levels was recorded by UNOSAT satellites between July 3 and July 5, 2023, when the 
flooded area decreased to approximately 40 km2 [20].

The above map illustrates the satellite-detected flooding extending 90 km down-
stream of the damaged Kakhovka Dam wall to the Dnipro's mouth in the Rybalsche 
area of Kherson region, Ukraine. This was captured in ICEYE images acquired on 
June 7, 2023, at 12:18 UTC, 12:48 UTC, and 13:01 UTC [20] (Fig. 8.3).

A more in-depth analytical overview of this situation is presented in Table 8.1.
The primary purpose of creating the Kakhovka Reservoir was to provide irriga-

tion water for the adjacent agricultural areas. Additionally, it served as an important 
source of drinking water, while energy production was secondary but still signifi-
cant. Since its primary objective was to supply irrigation and drinking water, it can be  
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assumed that potential contamination in the flooded area was not primarily caused 
by the reservoir water itself. However, as the terminal reservoir in the cascade, the 
Kakhovka Reservoir accumulated substantial runoff containing pollutants. As a re-
sult, the concentration of heavy metals in both water and bottom sediments was 
generally higher than in other reservoirs, such as the Kyiv Reservoir, which is less 
affected by negative impacts from surrounding territories [21].

Fig. 8.3 Satellite Flood water Extent between the Kakhovka Dam Wall  
and the Dnipro river mouth, Kherson region

Source: [20]

Monitoring data from the Dnipro River, provided by the State Agency of Water 
Resources of Ukraine following the dam breach, indicate that overall ecological wa-
ter quality met most criteria without exceeding regulatory limits [19].

The dam breach was a disaster for the aquatic flora and fauna, including marine 
species. According to national authorities, tens of thousands of tons of fish, including 
commercial species, were affected, with the majority lost due to the drying of the 
Kakhovka Reservoir. The Ukrainian government confirmed the loss of 11,388 tons  
of fish. As the breach occurred during the spawning period, it had a negative impact 
on the fishing industry in subsequent seasons [18].
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The spread of chemicals associated with the incident primarily originated from 
two sources: discharges from industrial facilities and infrastructure located in  
flooded zones and/or the migration of potentially contaminated sediments from the 
reservoir. The highest concentration of pollution occurred downstream from the 
breach site, where pollutants and sediments were transported. A list of chemical 
hazard hotspots was compiled by merging data from CEOBS, Ecodozor, and Reach, 
followed by cross-verification of object names and locations. According to this data, 
primary remediation should focus on the following:

1) cleaning facilities outside the flood zone (21 facilities);
2) cleaning damaged infrastructure and communications, such as bridges (56 fa-

cilities);
3) dismantling and initial remediation of specific facilities by type, size, and lo-

cation, prioritizing small-scale objects such as kiosks, stalls, and garages, as well as:
– cemeteries (19 facilities);
– agricultural/livestock facilities (17 facilities);
– construction sites (28 facilities);
– stores/markets (7 facilities); 
– ports1 (2 facilities);
– small and medium enterprises (71 facilities);
– transportation enterprises (5 facilities);
– waste sites (5 facilities);
– other (1 facility) [18].
Although it is currently impossible to fully assess the environmental, economic, 

and social consequences of the Kakhovka HPP destruction, analytical evaluations of 
the damage indicate that it is both extensive and multifaceted (Fig. 8.4).

At present, it is not possible to determine which types of damage are irreversible 
and which can be at least partially mitigated through post-incident recovery mea-
sures and a comprehensive set of remediation efforts. It is evident that the choice 
of effective remediation methods (or a combination of selected methods) and the 
implemented model for managing the remediation process of the affected territory 
will primarily determine the final outcome [18, 21, 22].

Nevertheless, it can already be stated with full confidence that the objective 
assessment of the consequences and the full scale of the disaster will only become 
clear in decades to come.

The goal of the project is to develop and propose a decision-making system based 
on an agent-oriented model for managing the remediation of water resources in the 

1 Companies handling chemicals, as well as oil and fuel storage facilities located within port areas, are 
still included
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Kherson region. The proposed decision-making system will be integrated with ad-
vanced IT technologies and will account for various scenarios of identifying and se-
lecting optimal remediation measures for cleaning water resources and addressing 
military contamination. The optimization of resource management and the effective 
coordination of actions among all project participants will be implemented using the 
Agile approach.

Fig. 8.4 Cartographic overview of 54 selected objects subject to primary remediation
Source: [18]

8.4.2 � AOM model: identification of key agents and verification of their roles

One of the initial stages of agent-oriented modelling is the identification of key 
stakeholders, referred to as "agents". Each agent plays a specific role and contributes 
to the decision-making process (adjustments to tactical or operational decisions,  
as noted by the authors) within the framework of remediation activities and the ef-
fective allocation of water resources.

Six main groups of stakeholders are identified within the agent-oriented mo
del, who will directly or indirectly influence the decision-making system (Table 8.2).
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Table 8.2 Characteristics of key agents – stakeholders in the water resource remediation 
project for the Kherson region

Agent Group Role in the Project Significance

Agricultural 
business entities 

and farmers

Primary water consumers for 
agricultural land irrigation

Agricultural business entities and 
farmers play a key role in ensuring 

food security in the Kherson region, 
as the region's primary  

specialization is agro-industrial 
production. Their water needs 

significantly influence the overall 
allocation of water resources

Public utilities Providing the population with 
clean drinking water and  

maintaining water supply and 
wastewater infrastructure

Public utilities are responsible for 
the health and well-being of the 

population, ensuring access to safe 
drinking water and proper sanitation

Government 
authorities

Government authorities regulate 
and coordinate remediation 

processes and the distribution of 
water resources

Government authorities develop 
regulatory acts that ensure the 

implementation and oversight of 
strategic remediation tasks, as well 

as mediate interests and resolve 
conflicts among various water users

Local  
self-government 

bodies

Local self-government bodies 
coordinate and implement  

remediation programs at the 
community level

Local self-government bodies 
ensure direct interaction with public 

utilities, contractors, and the local 
population, taking into account local 

needs and challenges while also  
facilitating the participation of  
public organizations and other 

stakeholders in remediation  
processes

Investors Participation in project  
financing through financial and/

or tangible investments; provision 
of equipment and machinery, and 
the implementation of advanced 

technologies and engineering 
solutions for remediation and 
water resource management

Domestic and international  
investors bring capital to the  

recovery and further development 
of war-affected territories, as well 
as expertise, which facilitates the 
acceleration and improvement of  

remediation processes,  
the introduction of new engineering 
solutions and technologies, and the 
implementation of advanced water 

resource management methods

Contractors for 
remediation work

Direct implementation of reme-
diation processes and operations: 

elimination of military  
contamination, cleanup and  

restoration work, waste  
transportation, and other  

related activities

Contractor firms ensure the direct 
execution of remediation project 

tasks as well as the restoration 
of water supply and distribution 

systems
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Implementation of agents in the Agent-Oriented Model:
1. Description of identified agent groups. Each agent i in the system can be described 

by the following characteristics:
– the agent's state Si(t) at a given time t;
– a set of behavioral rules Ri;
– the agent's location in the environment Pi(t).
2. Modelling the integration of agents into the environment. The agent implementa-

tion environment is represented as a two-dimensional or three-dimensional space 
in which identified agent groups can move and interact. The 2D or 3D space can 
be divided into cells, each characterized by parameters Ej(t), such as the level of re- 
source contamination.

3. Interaction among identified agent groups. Interactions between the project's 
key agents can be described by a function Iij(t), which depends on their location and  
behavior at a given time:

Iij(t) = f(Si(t), Sj(t), Pi(t), Pj(t)).	 (8.1)

4. Behavioral changes during decision-making. Agents' behavior changes over time 
in accordance with their rules of behavior and interactions with other agents in-
volved in the remediation project:

Si(t+1) = g(Si(t), ∑jIij(t), Ej(t)).	 (8.2)

5. Integration of various stakeholders into the Agent-Oriented Model. Integrating dif-
ferent agents into the agent-oriented model of water resource remediation ensures 
a comprehensive approach to water management and distribution. Each stakehold-
er contributes to the process, enabling the consideration of diverse interests and 
achieving more effective solutions.

6. Modelling the remediation process. Behavioral rules for the various agent groups, 
based on designed and implemented algorithms for each type of agent, optimize man-
agement and coordination of the territory's restoration process. For instance, agents 
directly implementing water resource remediation operations can follow specific 
algorithms for interacting with other agent groups according to routes and locations 
of primary or emergency remediation of contaminated areas. Meanwhile, the local 
population reacts to these activities and makes its own decisions in response.

7.  Analysis and evaluation of results. The effectiveness of implementing the 
Agent-Oriented Model for water resource remediation in the Kherson region 
can be assessed using a set of parameters and indicators, including the efficiency 



240

Transformations of national economies under conditions of instability

of management processes, interaction among participants, and resource utiliza- 
tion (e.g., financial, material, and labor resources) relative to the time and degree of 
task completion.

8.  Optimization. Conducting a series of simulations during the early stages of 
project implementation can identify additional opportunities to improve the pro-
posed model. This involves exploring the most promising integrations with advanced 
technologies, such as drones, robotics, GIS, and satellite systems. These integrations 
significantly enhance the overall effectiveness of strategies for remediation and 
monitoring, enabling efficient operational and tactical management of both reme-
diation activities and social responses, as well as identifying optimal cleaning routes 
and methods [23].

9. Technological advancements in Agent-Oriented Modelling. The authors argue that 
modern technological advancements significantly expand the capabilities of agent-
based modelling in the context of territory remediation. Robotics, artificial intelli-
gence, GIS, drones, autonomous vehicles, recognition technologies, and others make 
the proposed model more precise, adaptive, and effective. Selective and comprehen-
sive integration of these technologies enables the achievement of maximum results 
under time and resource constraints.

10. Proposal for decision-making and implementation. To support the adoption of 
the model presented in this monograph and its implementation, the authors propose 
an analysis of the integration of modern technologies into agent-based modelling of 
territory remediation, considering their functional roles and interactions within the 
system (Table 8.3).

Table 8.3 Implementation of modern IT technologies and IoT solutions in AOM

Implementation in 
the project

Functional roles and 
interaction within the deci-

sion-making system

Expanding agent-based modelling 
capabilities

1 2 3

Implementation of robotic technology

Robots-agents, 
behavioral models, 

sensors, and  
actuators

Defining the types of robots 
required for the project 

based on the complexity and 
scale of remediation tasks 

they will perform  
(e.g., robots for drilling, 

transporting contaminated 
soil, or monitoring water 

quality)

Developing robotic behavioral models 
that include movement algorithms and 
interaction protocols with other agents 

during remediation tasks.
Integrating data transmitted by robot 
sensors (e.g., pollution detectors) into 

the model for more precise monitoring 
and effective decision-making
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1 2 3

GIS and satellite technologies

Territorial  
modelling of  

remediation work, 
real-time  

monitoring, spatial 
analysis

Using GIS data to create 
more accurate territorial 

models as close to reality as 
possible

Enhancing real-time monitoring  
capabilities based on updated satellite 
data, thereby expanding the potential 
for rapid response and adjustments to 

strategies and plans for water resource 
remediation implementation

The use of drones

Monitoring drones, 
spraying drones, 
delivery drones, 

analytical drones

Identifying the types of 
drones required for the  

project based on the 
tasks they can perform in 

remediation work (e.g., for 
collecting aerial imagery and 

data on territorial  
conditions, delivering  

equipment to hard-to-reach 
areas)

Used for collecting soil, water, or air 
samples in high-contamination zones; 

can also be employed for one-time 
spraying of chemicals or biopreparations 

on polluted areas to neutralize  
contamination or restore the ecosystem, 

as well as for monitoring emergency 
situations. Integrating data collected by 

drones into the project's agent-based 
model to reduce time and resource costs 

and minimize risks

Neural Networks, ML and Artificial Intelligence

Intelligent agents, 
decision  

optimization, 
forecasting, and 

remediation 
scenario analysis 

(simulation of 
scenarios)

Incorporation into the  
project's integrated model 

with machine learning  
capabilities to analyze 

incoming data and adapt 
agent behavior for effective 

territorial remediation 
management

Optimization of remediation  
management decisions at macro, meso, 
and local levels, enabling forecasting of 

force majeure situations, assessment 
of selected remediation methods and 

strategies, risk minimization, and overall 
project efficiency enhancement

8.4.3 � Project management model based on the implementation  
of the Agile approach

Effective project management at various stages of its implementation requires 
specific skills in using specialized tools and management methods to accomplish 
tasks such as planning, organizing remediation activities, monitoring the implemen-
tation of project objectives, and evaluating intermediate and final results to allow 
for adjustments and/or alternative replacements if necessary. It is crucial to clearly 
define goals, tasks, and roles, as well as to establish effective communication and 

Continuation of Table 8.3
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control mechanisms to ensure the successful achievement of objectives. A project 
management algorithm is developed that outlines goals, key actions, and tools to 
maximize efficiency (Table 8.4).

Table 8.4 Project management algorithm by implementation stages

Goals Key actions Tools

1 2 3

Stage 1. Project initiation

– defining the project's goals 
and objectives;

– verifying stakeholders and 
key agent groups in the project;

– developing a concept of  
tactical and strategic project 
goals, substantiating benefits 

for key participants

– diagnosing the situation,  
assessing key needs and  

challenges;
– developing the project  

business plan;
– forming the project team and 

assigning roles to working group 
leaders and executors;

– defining the main stages and 
timelines for project implementation

– business plan;
– SWOT analysis;

– stakeholder  
diagrams;

– project management 
platforms  

(e.g., Microsoft  
Project, Trello, Asana)

Stage 2. Planning

– developing a detailed project 
plan, including an  

organizational plan, financial 
plan, and material and technical 

support plan;
– identifying necessary  

resources and sources for their 
provision/expense coverage;

– developing a risk  
management plan

– creating a detailed project  
schedule (Gantt Chart);

– prioritizing tasks and subtasks;
– analyzing and comparing 

resources and costs;
– developing and organizing a 

communication system for  
receiving feedback from the team 

and key agents

– Gantt chart;
– Critical Path Method 

(CPM);
– risk management 

plan;
– architecture- 

oriented agent-based 
interaction scheme for 

project participants

Stage 3. Implementation

– evaluation and selection of 
the optimal scenario and action 

plan for project task  
implementation;

– coordination and manage-
ment of the project working 

groups' activities;
– information and resource 
support for task execution

– allocation of tasks by  
responsibility centers, priorities, 

deadlines, and resource  
capabilities, and management of 

their implementation;
– monitoring task progress,  

operational and final control over 
task execution;

– ensuring effective team  
communication;

– operational plan adjustments, 
adaptation, and change  

management

– task management 
platforms (e.g., Jira, 

Monday.com);
– time management 

tools (e.g., Toggl);
– document mana

gement systems (e.g., 
Google Drive,  
SharePoint);

– communication and 
connectivity tools
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1 2 3

Stage 4. Monitoring and control

– interim evaluation of project 
task implementation;

– identification and  
management of issues and 

risks;
– oversight of project plan and 

budget compliance

– regular collection and analysis 
of aggregated information on task 

progress;
– presentation and discussion of 
project status reports based on 

"milestone" dates;
– conducting operational  
meetings during project  

implementation;
– verification of "bottlenecks" in 

project execution;
– quality control of completed 

remediation work

– monitoring and 
reporting tools  

(e.g., Microsoft Power 
BI, Tableau);

– Earned Value 
Management (EVM) 

method;
– control reports and 

checklists

Stage 5. Completion and evaluation

– completion of project tasks;
– evaluation of results and 

expectations of stakeholders 
and project partners;

– audit and summarization of 
the project, with the transfer of 

results to stakeholders

– auditing results and providing 
a final overall evaluation of  

project task completion;
– preparing reports and  

transferring the relevant  
documentation;

– organizing a presentation of 
project results for stakeholders, 

partners, and the public;
– conducting a project closure 

analysis (Lessons Learned)

– final project report;
– surveys for feedback 

collection from the 
team and  

stakeholders;
– tools for project 

closure analysis (e.g., 
Post-Project Review)

Our position is that an unconventional approach to implementing water resource 
remediation measures in Kherson region should be based on a modern and non- 
traditional management framework – specifically, the Agile methodology. As pre-
viously mentioned, it is possible to consider Agile to be a promising and highly ef-
fective approach for managing crisis operations, responding to constantly changing 
conditions during remediation activities, addressing the dynamic ecosystem situa-
tion influenced by weather and other factors, as well as ensuring operational team 
management and continuous communication to make effective decisions [16].

The rationale for adopting this approach is as follows:
1. Flexibility over rigidity: Agile allows for constant plan revisions and adaptations, 

in contrast to traditional methods. This flexibility is crucial in the context of uncer-
tainty surrounding remediation activities, the coordinated actions of agents, and 
rapidly changing situations.

Continuation of Table 8.4
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2. Focus on people and their interactions: Agile has proven highly effective in ma
naging a large number of participants (as in our case – specific remediation activities 
conducted over a large area with numerous agent groups). It is particularly effective 
in complex coordination systems, facilitating decision-making processes and ensur-
ing transparency and involvement of all stakeholders.

3. Reduction of bureaucratic burden: projects of this nature are typically associa
ted with extensive documentation processes, including preparation, approval at va
rious levels, and ongoing management of documentation throughout the hierarchy, 
culminating in reporting. Traditional approaches often require significant resources 
to manage this aspect. Agile, in contrast, reduces bureaucratic barriers, focusing on 
tangible results and progress [24].

In our case, the project is divided into short cycles (or sprints), each conclud-
ing with a review of interim results. This allows for testing and implementing par-
tial solutions (e.g., applying alternative remediation methods or replacing technical 
equipment), assessing their impact, and making real-time adjustments. This substan-
tially increases the likelihood of success under complex and uncertain conditions. 
Tools like Jira and Asana help organize collaborative efforts among all project teams 
and stakeholders. Regular meetings allow for the identification of bottlenecks, dis-
cussion of potential problems, and exploration of solutions. Monitoring tools such as 
Power BI and Tableau provide visualizations of results and progress in cleaning and 
restoring the territory. These tools facilitate the evaluation of project task perfor-
mance, effective risk management, and problem resolution.

Thus, the modified agent-based model for managing water resource remediation 
in Kherson region can be presented as a dynamic system in which agents interact 
with each other and external phenomena, making decisions based on localized infor-
mation (Table 8.5). The integration of IT technologies, the Internet of Things (IoT), 
and machine learning (ML) significantly simplifies process management within this 
system, while the use of Agile enhances adaptability to changes and increases proj-
ect management flexibility.

Table 8.5 Structure of the modified integrated AOM

Elements of the 
generalized AOM Description

1 2

1. General variables 
of the mediation 

mana gement system

W(t) – the total volume of water available for safe use at time t.
Zi(t) – the contamination level of water resources at time t, specific to 
contaminant type i.
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1 2

R(t) – the volume of water entering the system from natural or artificial 
sources (e.g., rainfall or resources purified through remediation systems).
L(t) – the volume of water lost due to infrastructure damage, leaks, or 
other inefficiencies.
Pi(t) – the consumption priority of agent i at a specific time t.
Ui(t)  – the economic benefit derived from water consumption by 
agent i, where i represents key agents (e.g., agricultural entities, con-
tractors, or public utilities).
C(t) – the volume of water purified using various remediation methods.
ML(t) – the machine learning model used to optimize water distribu-
tion based on real-time data and predictive analytics.
IoT(t) – data collected from sensors, drones, and monitoring devices, 
providing aggregated information on contamination levels and over-
all conditions in real time

2. Behavior of agents The economic utility function for agent water consumption. 
Each agent i (e.g., agribusiness entities, farmers, utilities, contractors, 
etc.) seeks to maximize their utility Ui(t), which depends on the volume  
of water allocated Wi(t) and other factors, such as overall contamina-
tion levels Zi(t):

Ui(t) = f(Wi(t), Zi(t), Pi(t)),

where Wi(t)  – the volume of water received by agent i at time t;  
Zi(t) – the contamination level of the i-th contaminant, which can re-
duce the utility of each agent; Pi(t) – the priority level of water con-
sumption assigned to agent i, determined by government authorities 
or automated systems based on ML algorithms.
The water demand function for each agent i is described as:

Wi(t) = f(Ni(t), Ai(t), weather(t), IoT(t)),

where Ni(t) – the number of users/area served by agent i (e.g., the size 
of the farm); Ai(t) – the activity level of agent i (e.g., the area of cul-
tivated land); weather(t)  – climatic conditions affecting water needs 
(e.g., drought or precipitation); IoT(t) – real-time data collected from 
IoT sensors, which provide a more accurate assessment of water re-
quirements

3. Distribution of 
water among agents

The distribution of the total water volume W(t) among agents during 
each remediation time period is determined using an ML model that in-
corporates various factors: consumption priorities, the pollution level 
by contaminant type i, and water demand based on real-time IoT data.  
The volume of water allocated to a specific agent i is determined as:

Wi(t) = ML(t, Pi(t), Wi(t), Zi(t), IoT(t)),

where ML(t) – machine learning, which optimizes water distribution 
based on data about needs, contamination, weather conditions, and 
other factors

Continuation of Table 8.5
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1 2

4. Dynamics of water 
pollution

The level of water resource pollution Z from the i-th type of contam-
inants at a given time t – Zi(t) – changes over time based on remedia-
tion factors and territorial pollution sources:

Zi(t+1) = Zi(t)−C(t)+Pindustry(t),

where C(t)  – the volume of pollutants removed as a result of water 
treatment using applied remediation methods; Pindustry(t) – the level of 
pollution generated by industrial entities and other contamination 
sources (e.g., cemeteries, waste dumps, etc.)

5. Remediation of 
water resources

The volume of treated water C(t) depends on the investment in puri-
fication technologies and the implementation of a set of remediation 
measures, as well as the decisions made through the application of the  
Agile approach:

C(t) = f(investment(t), technology(t), remediation_team(t), feedback_loop(t)),

where investment(t)  – the volume of investments in technologies, 
equipment, and materials for water remediation and purification; tech-
nology(t)  – the effectiveness of implemented remediation technolo-
gies; remediation_team(t) – the efficiency of contractors and working 
groups executing the water resource remediation strategy; feed- 
back_loop(t)  – iterative improvements through the Agile approach, 
enabling rapid adaptation to changes during project implementation

6. Utilization of IT 
Technologies, IoT, 

and ML

IoT.
The system utilizes sensors and drones for continuous monitoring of 
the territory's condition, water pollution levels, and water supply is-
sues, transmitting data in real-time:

IoT(t) = ∑Sensor k(t),

where Sensor k(t) – data from each IoT sensor k installed in the con-
taminated area.
ML (Machine Learning).
A machine learning model integrated into the system utilizes IoT 
data to predict water needs, assess pollution levels, and optimize re-
source distribution:

ML(t) = f(historical_data, IoT(t), weather(t), priorities(t).

Agile Approach.
The implementation of the Agile approach will significantly enhance 
the efficiency of managing the remediation process and adapt solu-
tions based on feedback:
–  iterations: the remediation project is divided into short iterations, 
each of which includes hypothesis testing and adaptation of optimal 
solutions to the conditions of the remediation activities (e.g., trans-
port and logistics capabilities, financial resources, technical feasibili-
ty, weather conditions, etc.);

Continuation of Table 8.5
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1 2

– feedback: at each stage of the project, aggregated feedback is col-
lected from remediation task performers, the operational manage-
ment team, and incoming IoT data to identify bottlenecks and make 
adjustments to subsequent actions:

New_strategy(t+1) = Agile_feedback(t)

7. Generalized system 
equation

The complete equation of the system, incorporating all the aforemen-
tioned components, can be expressed as follows:

W(t+1) = W(t)+R(t)−∑[i = 1; N]−L(t),

W(t) = ML(t, Pi(t), W(t), Wi
demand(t), Z(t), IoT(t)),

Z(t+1) = Z(t)–C(t)+Pindustry(t),

C(t) = f(investment(t),  technology(t),  remediation_team(t),  feedback_
loop(t))

For the successful implementation of the decision-making system project based 
on an agent-based model for managing the remediation of water resources in Kherson 
region, integrating IT technologies, the Internet of Things (IoT), machine learning (ML), 
and the Agile approach, specific equipment, software (SW), and technologies are re-
quired. Below is a summarized analytical table outlining the key parameters of the ne
cessary equipment, software, their purpose, quantity, and estimated cost (Table 8.6).

Table 8.6 Assessment of required software and other resources for project implementation

Resource name Name Purpose Quantity
Price range 
(thousand 

USD)

1 2 3 4 5

Software, including:

Agent-Based  
Modeling (ABM)

AnyLogic/
NetLogo

Modeling the behavior of 
key agents and simulating 

potential scenarios for 
the remediation of water 

resources

1 license 100–200

Machine  
Learning (ML)

TensorFlow, 
PyTorch

Optimization of resource 
allocation and forecasting 

outcomes

1 license 0–50

Geographic Informa-
tion Systems (GIS)

ArcGIS/
QGIS

Spatial analysis of the terri-
tory and data visualization

5 licenses 30–60
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1 2 3 4 5

IoT platform AWS IoT, 
Azure IoT

Management of data  
transmitted from sensors 

and drones

1 platform 40–70

Data analytics SAS, Tab-
leau

Analysis of collected data, 
visualization of project 

outcomes, presentation of 
remediation results

1 license 70–150

Tools for Agile  
management

Trello, Jira Team management and 
coordination of remediation 
tasks implementation based 

on the Agile approach

5 licenses 1–10

Technical equipment, including:

Servers HPE/Dell Processing ABM, GIS, and 
IoT data

10 servers 40–60

IoT sensors and 
detectors

Senix, 
Siemens

Monitoring of the situation, 
territory, and pollution  
levels; inspection and  

control of facilities

100 sen-
sors

2.5–5

Drones DJI Phan-
tom, Parrot

Controlling the state of 
water resources, water 

supply facilities, and related 
infrastructure

10 drones 20–40

Systems for machine 
learning

NVIDIA 
GPU/TPU

Processing received data 
and training ML models

5 GPUs 20–50

Infrastructure software, including:

Project management 
systems

Microsoft 
Project, 
Asana

Management of project 
remediation implementation 

and coordination of team 
actions

1 license 30–70

DevOps tools Docker, Ku-
bernetes

Automation of system  
deployment and updates

1 license 5–15

Communication tools and instruments:

Communication tools 
and instruments for 
integrating the joint 

efforts of project 
participants

Microsoft 
Teams/

Slack

Team interaction, remote 
work of project participants, 

idea generation,  
collaborative work,  

communication with key 
agents

10 licenses 5–15

Total 1,563–2,055

Continuation of Table 8.6
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The estimated total cost range for software (SW), technical, and infrastructure 
equipment, including communication tools for the effective implementation of the 
project, is approximately between 1,563 million and 2,055 million USD. This cost 
range accounts for potential price fluctuations in software and equipment, enabling 
more flexible budget planning for the project.

8.4.4 � Determining the comprehensive efficiency of implementing the 
water resource remediation management project in Kherson region

The water resource remediation management project in Kherson region, based 
on an Agent-Based Model (ABM) integrated with IT technologies, the Internet of 
Things (IoT), Machine Learning (ML), and the Agile management approach, holds 
critical importance in addressing the aftermath of the destruction of the Kakhovka 
Hydroelectric Power Plant (HPP). This project is not only a vital step towards the re-
gion's recovery after the active phase of military actions but also opens new opportu-
nities for sustainable water resource management in the post-war recovery context.

I. Environmental significance and efficiency of the project.
The destruction of the Kakhovka HPP resulted in severe environmental 

consequences, including water resource contamination, ecosystem destruction, and 
threats to the potable water supply for the region's population. Implementing the 
ABM-based project will:

1. Effectively model and manage the region's complex water resource system, 
including restoring irrigation channels for agricultural lands.

2. Optimize the cleaning process of contaminated water by integrating advanced 
purification technologies and scenario-based modelling.

3. Enable real-time monitoring of the ecological state of water bodies using IoT 
technologies, allowing for timely responses to changes.

II. Social significance and efficiency.
The region's population faces threats of water shortages for household needs 

and deteriorating drinking water quality. The proposed integrated remediation  
project will:

1. Ensure sustainable water distribution among the population, agricultural, and 
industrial consumers based on priorities and real-time water supply data.

2. Reduce social tensions through fair resource distribution, especially in condi-
tions of scarcity, by leveraging machine learning algorithms and IoT data.

3. Improve access to clean drinking water for the population and municipal ser-
vices by implementing advanced technologies and purification methods.
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III. Economic significance and efficiency.
As an agrarian region, Kherson region heavily relies on water resources for ag-

ricultural production. The destruction of hydroelectric and irrigation infrastructure 
has severely affected the region's economy. Implementing the proposed project will:

1. Coordinate the restoration and modernization of water and irrigation systems, 
ensuring sustainable water supply for all economic actors and the population.

2. Optimize the rational use of water resources, minimizing losses and increasing 
efficiency through IT technologies and machine learning.

3. Attract domestic and foreign investors to innovation-oriented projects to re-
store war-affected areas, creating economic incentives for accelerated recovery and 
development of the region [30].

IV. Technological significance and efficiency.
The integration of IT technologies, IoT, and ML into water resource management 

elevates remediation efforts to a new level. The use of technologies will:
1. Automate data collection and processing, real-time monitoring, and analysis 

of water bodies, enhancing decision-making and crisis management responsiveness.
2. Utilize machine learning to predict water supply needs for various agents and 

scenarios based on implemented decisions, allowing for swift responses to critical 
changes in the situation.

3. Apply the Agile approach to manage the project team flexibly, enabling itera-
tive implementation of solutions and quick adaptation to changes based on continu-
ous communication and feedback from all project participants [28].

V. Managerial significance and efficiency of the Agile approach.
The use of the Agile approach in managing the water resource remediation pro

ject will:
1. Enable flexible project management through iterations and feedback, which is 

crucial in the constantly changing post-war environment.
2. Coordinate the actions of all project participants across all levels of the ma

nagement hierarchy – from top-level government bodies, specialized agencies, and 
ministries to local municipal services and contractors – under a unified remediation 
management strategy.

3. Ensure transparency and prompt decision-making at every stage of project 
implementation, contributing to the more efficient use of all types of resources [29].

This comprehensive approach ensures that the project not only addresses the 
critical challenges of recovery but also lays the groundwork for the region's long-
term development, enhancing its resilience to future crises.

Below, let's present a summarized table of the potential effects of implementing 
the developed project (Table 8.7).
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Table 8.7 Potential effects of implementing the water resource remediation project in the 
Kherson region

Parameter Forecast value/Expected effect

Environmental effect Reduction in pollution levels by 70–90 % (depending on types of 
contaminants); restoration of biodiversity up to 80 % within 5 years

Social effect 100 % provision of drinking water for the population of the region 
and 80 % of economic entities within the first 3 years of project 

implementation

Economic effect Total required amount of external loans, investments, and funding: 
from 150 to 200 million USD, allocated as follows:

– 80 million USD for modernization of the water supply system 
(pipelines, pumping stations, filtration);

– 50 million USD for restoration of irrigation systems  
and infrastructure;

– 20 million USD for the development and implementation of  
IT solutions, IoT, and ML for water resource management;

– 10 million USD for the introduction of monitoring systems, 
state oversight, and regulation in compliance with international 

standards

Technological effect Reduction in water supply system management costs by 50 % 
through project implementation and application of advanced  

technologies; increase in forecasting accuracy for  
water demand up to 95 %

Managerial effect 80 % of project tasks are expected to be completed within  
the established timeframe; reduction in administrative  

expenses by 40 %

Source: compiled by the authors based on consultations with specialists [25–27]

The final stage of the study involves an analytical assessment of the anticipated 
benefits for key agents across critical parameters (Table 8.8).

For key agents, including government bodies, local authorities, and private sec-
tor stakeholders, the project provides a structured framework for collaboration, 
transparency, and achieving common goals. The expected benefits extend beyond 
immediate remediation, encompassing socio-economic recovery, infrastructure 
modernization, and the promotion of innovative ecosystems. Key stakeholders, such 
as agricultural businesses, local communities, and investors, stand to gain significant-
ly from enhanced water access, improved agricultural productivity, and increased 
trust in governance. The project's focus on agile management ensures adaptability to 
changing conditions, fostering cooperation and accountability among all participants.  
Ultimately, the remediation of water resources in the Kherson region will serve as 
a catalyst for regional renewal, contributing to national economic growth and setting 
a benchmark for sustainable post-conflict recovery [30].
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Table 8.8 Potential benefits and opportunities for key agents from project implementation 
on remediation

Environmental 
effect

Social  
effect

Economic  
effect

Technological 
effect

Managerial 
effect

1 2 3 4 5

Key agent: agricultural sector and farmers

Reduction in water 
pollution and  
salinity levels 
through the  

remediation of 
water resources 

and modernization 
of the water supply 

system,  
improvement of 

irrigated lands, and 
ecosystem resto-

ration

Stable access 
to clean 

water for 
irrigation will 

ensure the 
region's food 

security

Increased crop 
yields and 

reduced overall 
costs, including 

those associated 
with water use 
for agricultural 

activities

Implemen-
tation of 

advanced 
technologies, 

real-time  
monitoring 

systems, and 
predictive 
analytics

Enhanced 
management 
efficiency and 
strengthened 
coordination  
between key 

agents and 
water resource 

management 
authorities 

through Agile 
methods

Key agent: public utilities

Improved water 
quality through 

the application of 
advanced  

purification  
methods and 

modernization of 
the water supply 
system, reducing 

the overall negative 
impact of pollution

Reliable and 
safe water 

supply for the 
local  

population

Reduced costs 
for water  

purification 
processes, 
decreased 

water losses, 
and increased 
efficiency of 

infrastructure 
for providing 
high-quality  

services

Integration of 
IoT sensors 

for real-time 
monitoring of 
water quality 
and network 

conditions

Optimization 
of water supply 

system  
management 

through digital 
platforms and 

predictive  
analytics

Key agent: government bodies

Compliance with  
national and  

European  
environmental  

protection  
standards and  

principles of  
ecological safety

Increased 
public trust 

and  
satisfaction 

through  
effective 

management 
and  

protection of 
national  

water  
resources

Focusing on 
all potential 

opportunities to 
restore the most 
vital resource – 

water – as a  
national asset, 
fostering the 

post-war revival 
of the region 

and economic 
recovery

Development 
of a unified 
centralized 

water resource 
monitoring  

system based 
on GIS,  

integrated  
with AI

Optimization of 
state  

governance and 
decision-making 
processes with 

transparent 
monitoring and 

reporting
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Continuation of Table 8.8

1 2 3 4 5

Key agent: local self-government

Gradual restoration 
of local ecosystems 

and reduction of 
environmental risks.

Improved public 
health through 

better water quality 
and sanitation.

Increased  
population density

Stimulation 
of the local 

economy 
through 

support for 
small-scale 

irrigation and 
infrastruc-

ture projects

Support for en-
trepreneurial  

projects of 
innovation-orien

ted small and 
medium-sized 

businesses

Utilization 
of advanced 
water supply 
technologies, 

drones, and IoT 
for monitoring 
and managing 

local water 
infrastructure

Strengthened 
collaboration 

with higher 
authorities and 

local  
stakeholders to 
optimize water 

resource  
management

Key agent: domestic and foreign investors

Ensuring investor 
protection rights 

and creating 
opportunities for 
implementing and 

supporting  
sustainable  

development 
projects

Contribution 
to local com-
munity deve
lopment and 
promotion of 

corporate  
socially 

responsible 
business 
practices

Benefits and 
incentives for 
implementing 

innovative 
environmental 

projects and 
initiatives aimed 
at restoring and 

developing  
priority sectors

Adoption of 
advanced 

technologies 
and fostering 
the region's 
innovation 
ecosystem

Clear structures 
of intercon-
nection and 

management 
architecture 

based on Agile 
principles,  
ensuring  

transparency and 
accountability of 

all project  
participants

Key agent: contractor firms

Application of 
advanced environ-
mentally friendly 
technologies and  

remediation  
methods

Creation 
of jobs and 

opportunities 
for social 

housing and 
benefits for 

workers 
engaged in 
restoration 

activities

Increase in  
regional and 

business entity  
revenues 
through 

participation 
in large-scale 

remediation and 
infrastructure 

recovery projects

Utilization of 
cutting-edge 
technologies, 

equipment, 
machinery, 

and materials 
to effective-

ly achieve 
remediation 

objectives

Optimization 
of the  

organizational 
and management 

mechanism 
through adaptive 

project  
management 

methods

8.5  Conclusion

The project developed by the authors for remediating military contamination and 
restoring the water resources of Kherson region holds extremely significant impor-
tance for the post-war revival of the region. The ecological disaster resulting from 
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the destruction of the Kakhovka Dam necessitates the implementation of innova-
tive solutions to address environmental, economic, and social problems. For these 
purposes, the management of water resource remediation is proposed through an 
agent-oriented model integrated with IT, IoT, machine learning, and the Agile me
thodology [28]. The project is aimed at restoring ecological balance, reducing wa-
ter resource pollution, ensuring clean drinking water, and revitalizing agriculture as 
a strategically important sector of Ukraine's economic system. The project provides 
for the modernization of infrastructure in accordance with international standards, at-
tracting investments to eliminate the consequences of war and reconstruct the water 
supply system, as well as integrating advanced technologies for adaptive and "trans-
parent" management [29]. In addition to the immediate restoration of war-affected 
territories, the project lays the foundation for future resilience and long-term growth.
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