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ABSTRACT

Statement of the problem. The article discusses the manifestations and consequences of such conflicts, in particular their im-
pact on the Pechenihy Reservoir. The study of the problem of water clashes and its exhaustive justification is an important step in the
development of effective strategies for managing water resources and preventing the negative consequences of conflicts. Despite the
generally defined interpretation of water conflicts, the term should be considered more thoroughly as a phenomenon, based on its
duality, because such conflicts can be provoked by different reasons, and therefore their course and consequences may differ. The
study of the problem of water clashes and its exhaustive justification is an important step in the development of effective strategies
for managing water resources and preventing the negative consequences of conflicts. The study of the problems of water conflicts
with the example of the Pechenihy reservoir is due to the novelty of the problem faced by this reservoir. For the first time, the Peche-
nihy reservoir witnessed large-scale hostilities and, accordingly, for the first time in the history of its existence, faced the devastating
consequences of the war. A comprehensive characterization of the reservoir as a center of local water skirmish is necessary, especial-
ly in the context of determining the manifestations and classifications of water conflicts.

The aim of the work is to set out the causes, classifications and consequences of water conflicts that arise in the context of the
use of water resources based on the example of the Pechenihy reservoir. The article aims at a comprehensive analysis of the impact of
these conflicts on the geo-ecological and social spheres.

Methods. In addition to general scientific methods of analysis, synthesis and generalization, geographical methods of research
were used. A special place was occupied by the methods of space hydrology (deciphering aerospace images of the reservoir). The
applied method of system analysis helped to identify and clearly classify the situation around the studied reservoir as a local water
conflict with the identification of the problem and the way of its course.

Results. The study substantiates the phenomenon of water conflicts, highlighting their dual nature as both geo-ecological and
social issues, exacerbated by military operations. The hydrological and technical characteristics of the Pechenihy reservoir were ex-
amined, revealing significant geo- and hydroecological problems due to nearby combat activities. The study provides a first-time
analysis of local water conflict events from the onset of the Russian invasion to the Kharkiv counteroffensive, classifying the conflict
around the Pechenihy reservoir as armed, with water serving as both a victim and weapon.

The novelty of this article is manifested in an in-depth study of the specifics of hydroecological conflicts in the conditions of
long-term hostilities around the Pechenihy reservoir, followed by a comprehensive analysis of the geoecological and social aspects of
this problem.
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Statement of the problem. Water conflicts are
a rather dangerous, both environmental and social
problem of our time, exacerbated by climate change
and inevitable population growth. Despite the gen-
erally defined interpretation of water conflicts, the
term should be considered more thoroughly as a
phenomenon, based on its duality, because such con-
flicts can be provoked by different reasons, and
therefore their course and consequences may differ.
Pechenihy Reservoir is an important hydrological
resource, which ensures sustainable water supply for

the population and the city of Kharkiv and other
communities in the region. However, after the start
of the full-scale invasion by Russia in 2022, it has
faced armed violence, which has negatively affected
the hydro-ecological balance of the reservoir. Water
conflicts can have serious consequences, both for
the ecosystem of a water body and for the socio-
economic well-being of the population. The article
discusses the manifestations and consequences of
such conflicts, in particular their impact on the water
body under study. The study of the problem of water
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clashes and its exhaustive justification is an im-
portant step in the development of effective strate-
gies for managing water resources and preventing
the negative consequences of conflicts. The study of
the problems of water conflicts with the example of
the Pechenihy reservoir is due to the novelty of the
problem faced by this reservoir. For the first time,
the Pechenihy reservoir witnessed large-scale hostil-
ities and, accordingly, for the first time in the history
of its existence, faced the devastating consequences
of the war. A comprehensive characterization of the
reservoir as a center of local water skirmish is nec-
essary, especially in the context of determining the
manifestations and classifications of water conflicts.

Analysis of major research and publications.
Domestic scientists have long paid attention to wa-
ter conflicts around the water bodies of Ukraine and
its irrigated lands. It is worth mentioning the studies
by V. Peleshenko and L. Gorev concerning the use
of the waters of the Kakhovka reservoir via the
South-Ukrainian Canal and a complex network of
canals for the irrigation and watering of the South-
ern Steppe [12,16]. These researchers examined the
ecological and hydrochemical problems of irrigation
of these lands, thoroughly studying the negative
processes of salinization accompanying irrigation
and the loss of fertility of soils under irrigation
[13,14]. Professor Georgiy Dubinsky of V. N.
Karazin Kharkiv National University, in cooperation
with the Ukrainian Hydrometeorological Institute
(UHMI), developed the basics of irrigation service
based on monitoring the dynamics of the hydro-
thermal index, which determines the ecological state
of fields. According to his calculations, the use of
such a monitoring service would save irrigation wa-
ter several times from the existing irrigation norms
at that time, which would also help reduce the risks
of waterlogging of the soil and conflicts between
irrigated agriculture and competitive areas of nature
management. In addition, the Kharkiv Hydrological
Center has many hydroecologists, whose works are
devoted to integrated planning of the use and man-
agement of water resources, the understanding of
which is a very important link in avoiding water
clashes. They include O. Vasylenko [19], G. Ver-
nychenko [20] and S. Anasimova [21].

These are also numerous studies derived from
Taras Shevchenko National University of Kyiv.
Among the most prominent figures in this field is
Valentyn Khilchevskyi, the head of the scientific
hydrochemical school of the Kyiv National Univer-
sity. In addition to a number of hydrological studies,
he devoted his works to the generalization and study
of water conflicts in different regions of Ukraine,
especially in the Donbas, and also highlighted the
classification features of such conflicts in the world
and in Ukraine. Other domestic researchers include

I. Losovsky [12], S. Ivaniuta [11], V. Horbulin and
S. Mosov [9].

The most well-known figure in the study of
general problems of water conflicts is the American
scientist Peter Gleick, who in the 1990s proposed
the first classification of such conflicts and traced
the cause-and-effect relationships of their occur-
rence [3]. Today his research is fundamental for
many hydrologists who continue to study the phe-
nomenon of water conflicts. The world's most fa-
mous institution that researches and documents wa-
ter clashes is the Pacific Institute for Environmental
Development and Security Research, whose founder
and current president is the aforementioned Peter
Gleick [7].

Water skirmishes are explored in different parts
of the world including:

1. Masahiro Murakami, co-authored with Libor
Jansky, investigated the consequences of the contro-
versial Gab¢ikovo-Nagymaros project on the Dan-
ube between Hungary and Slovakia [4];

2. Ashoka Swainu, who researched water dis-
putes over the Ganges [5];

3. Kemal Bagslar, who in his works explored the
disputes around the Aegean Sea [1];

4. Taikana Oki, who studied the economic con-
sequences of water conflicts for the population [6],
and many others.

An unresolved part of the overall problem.
Research of water conflicts also includes the study
of consequences and further prospects for recovery.
Currently, there are new studies related to the con-
sequences of the Russian-Ukrainian armed conflict
on water resources and water infrastructure in gen-
eral. O. Shumilova, H. Trokhymenko and S. Ste-
panenko, in co-authorship with V. Khilchevsky and
P. Gleik [22], studied the impact of hostilities on
water bodies of Ukraine and the features of these
water conflicts. V. Strokal and A. Kovpak [15] in-
vestigated the environmental consequences of hos-
tilities on water bodies, systematized certain mani-
festations of these disputes and classified them ac-
cording to the nature of hostilities and the level of
aggravation. In general, the experience of studying
water conflicts includes many works on various
clashes around the world. The phenomenon of water
conflicts, unfortunately, is on-going, so their further
study will always be relevant, and scientific papers
will serve as an inexhaustible source and archival
documentation of some water clashes.

Water conflicts are found in almost all corners
of the world, as it is a significant threat to the sus-
tainable use of water resources. The main problem
of water conflicts is the lack of clear uniformity of
classifications of its manifestations and, accordingly,
solutions to the consequences. A water skirmish can
be either a three-day local conflict at the level of a

-174 -



ISSN 2410-7360 BicHuk XapKiecbK020 HauioHaribHo20 yHieepcumemy imeHi B.H. KapasiHa,

conditional territorial community, provoked by the
pollution of a water body, or a protracted war be-
tween two countries for the right to own a particular
river. Such a discrepancy is outlined by a primitive
and somewhat simplified definition, which is most
often omitted when describing the conflict, giving
preference to the social causes of its occurrence.

The aim of the work is to set out the causes,
classifications and consequences of water conflicts
that arise in the context of the use of water resources
based on the example of the Pechenihy reservoir.
The article aims at a comprehensive analysis of the
impact of these conflicts on the geo-ecological and
social spheres.

The novelty of this article is manifested in an
in-depth study of the specifics of hydroecological
conflicts in the conditions of long-term hostilities
around the Pechenihy reservoir, followed by a com-
prehensive analysis of the geoecological and social
aspects of this problem.

Materials and methods. The initial data to de-
termine the ecological state of the reservoir after the
cessation of hostilities near its shores were obtained
from the Laboratory at the Regional Office of Water
Resources of the Kharkiv region. To map regional
water conflicts, data from the open service Pacific
Institute [7] were used, which contains a chronolog-
ical list of recorded water clashes around the world.
All cartographic materials were produced in the
ArcMap 10.8 GIS environment.

In addition to general scientific methods of
analysis, synthesis and generalization, geographical
methods of research were used. A special place was
occupied by the methods of space hydrology [18].
Thanks to satellite images, it is possible to obtain
accurate information about the morphometric indi-
cators of a water body, the configuration of the ba-
sin, and they also make it possible to remotely
monitor changes in the hydrological state and its

features, based on different spectra of satellite imag-
es. With the help of deciphering aerospace images of
the reservoir of the Pechenihy reservoir, the increase
in the coastline due to the undermining of part of the
dam structure was traced and analyzed, and the scale
of its shallowing was determined using NDMI spec-
trum images.

The applied method of system analysis helped
to identify and clearly classify the situation around
the studied reservoir as a local water conflict with
the identification of the problem and the way of its
course. The use of this method made it possible to
consider all aspects of the problem in their intercon-
nection and interaction, which contributed to the
identification of the main causes of conflicts and the
development of effective strategies for their solu-
tion. The method of hydrological-geographical gen-
eralization made it possible to systematize and
summarize data from the Pechenihy reservoir and its
use, as well as to assess the impact of water con-
flicts on the sustainability of its hydro-ecological
environment. The use of this method in the study
made it possible to comprehensively assess the situ-
ation of the water skirmish around the Pechenihy
reservoir, with the determination of its prerequisites
and the scale of consequences.

Understanding water conflicts. Water re-
sources are quite vulnerable to the impact of mili-
tary conflicts. The level of potential distruption is
detemined by the possible damage that can be
caused by warfare and the consequences arising
from water disputes and hostilities in general. Ac-
cording to the classification of the Pacific Institute,
introduced by P. Gleick, «water» as part of a water
conflict falls into three categories: «trigger», «vic-
tim» and «weapon» (Fig. 1). A similar classification
of water conflicts was also considered by V. Khil-
chevskyi.

Water disputes can also be classified according

Water becomes a victim during disputes/conflicts.
Water resources or specific hydrological systems
become intentional targets or accidental victims of
violence.

Water is the primary cause of conflict. Water resources
or specific hydrological resources provoke disputes over
their control/use.

Water acts as a tool of influence in conflict. Water resources or
specific hydrological systems are used to cause negative impact or
as a "weapon" in conflict.

Fig. 1. Classification of types of water conflicts
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to the form of the conflict — military and non-
military; by the scale of the impacting activity — lo-
cal, regional, national, cross-border; by the nature of
the military activity eg., mining, surface explosions
and seizure [17]. The presented classifications will
allow a better understanding of the phenomenon of
water conflict, the causes of their occurrence and
methods of settlement.

When considering the causes, the phenomenon
of water conflicts should be considered from two
main aspects — the place of water and the place of
people in the conflict. Based on this, the nature of
such conflicts can be divided into two conditional
categories: natural and anthropogenic. However, for
the most part, both in the first and in the second
case, water bodies become victims that are adverse-
ly affected. For example, natural factors include the
uneven distribution of water resources over a territo-
ry. The second category includes the pollution of
water sources, which can cause social protests due
to its impact on the environment. Many rivers and
lakes cross the borders of different countries, and
this can also serve as a trigger for conflicts between
states over the use and regulation of shared water
resources.

When considering the basic prerequisites for
water conflicts, it is necessary to rely on the place of
water bodies in them, that is, to determine them
based on the well-known classification of «trigger»,
«weapony, «victimy.

The emergence of conflicts in the «trigger»
classification can be provoked by two economic and
sometimes human-provoked reasons — uneven ac-
cess of the population to water and different purpos-
es of use of stakeholders in relation to a certain hy-
drological object. It can be said that water conflicts,
which began due to interest in certain hydro-
resources, are mostly caused by the anthropogenic
factor. It is worth noting that the main trigger for
this is the mismatch of people's interests in the use
of certain water resources. Water in such conflicts
most often takes the place of the victim and can de-
velop into a weapon in the course of the conflict.
Obviously, this significance of the water conflict
explains it as a social conflict that affects a hydro-
logical object.

The causes of water clashes, classified as
«weaponsy, are also closely related to human activi-
ties, which have more catastrophic consequences.
For the most part, these clashes arise during the
course of armed conflicts. The use of hydrological
resources for military purposes is a common battle
strategy that gives one side a significant advantage.
Unfortunately, this advantage has an exorbitant price
for the civilian population and even greater for the
water body that was used as a "weapon". World his-
tory has many similar cases. Examples include the

blowing up of a cascade of dams on the Yellow Riv-
er in 1938 by Chinese troops to delay the advance of
the Japanese army, or the capture of the Fallujah
dam by ISIS rebels in 2014 providing a strategic
advantage over government forces. They are ac-
companied by the destruction of hydraulic structures
and disturbance of the tranquility of certain hydro-
logical systems of objects.

Based on the above, the phenomenon of water
conflicts should be considered from two sides — so-
cial and natural. As a social phenomenon, water
conflict is a dispute between two parties over access
and use of hydrological resources. In turn, these dis-
putes are negative processes for ecosystems of water
resources, interpreting this phenomenon from a nat-
ural point of view. That is, regardless of whether
water is a «trigger» or a «weapony, it is still an ob-
ject of interest for two stakeholders who have dif-
ferent visions of its use. And more often than not,
this object of interest becomes a «victim» and not
just a root cause and tool. Water bodies in such con-
flicts undoubtedly suffer more damage than the con-
flicting parties, which would have some benefits
under the conditions of peaceful use of these water
resources. The causes of water conflicts classified as
«victims» are mostly the result of human actions,
which may overlap with other water conflicts of the
«trigger» and «weapon» classifications.

To date, the largest number of water conflicts is
recorded in the region of Asia and Africa. The ag-
gravation of the conflict is primarily due to the
shortage of water resources in regions that are low
in local hydrological resources and the factor of
transboundary location of certain «trigger» water
bodies. The Pacific Institute database indicates that
between 2000 and 2022 alone, about 900 cases of
various water conflicts were recorded. The history
of water disputes includes more than 1220 cases,
among which 581 skirmishes are classified as «Trig-
ger», 624 as «Victimy» and 187 as «Weapony» [17].

According to the Pacific Institute database, the
history of Ukrainian water conflicts includes ap-
proximately 47 skirmishes, of which 41 are classi-
fied as «victims» and 6 as «weaponsy. It is notewor-
thy that there are no recorded water conflicts classi-
fied as a «trigger» in Ukraine. This means that the
impact of water conflicts is not typical for Ukrainian
society, which indicates a competent structure of
water supply to the population.

The very first water conflict in Ukraine, which
was recorded in the database of the Pacific Institute,
dates back to 1941. The strategically important
Dnieper Hydroelectric Power Plant was targeted by
both Soviet and German troops during the fighting
of World War 11. On August 18, 1941, Soviet troops
retreating in front of the advancing German troops
blew up the dam and the power plant. And in 1943,
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the Dnieper Hydroelectric Power Plant was bombed
again, but this time by retreating German troops.
This fight can be classified as a «victim» and a
«weapony at the same time. Such «dual» classifica-
tions of conflicts in Ukraine are quite common, be-
cause when water resources are used as a «weapon»,

they automatically become a «victimy.

A significant majority of the above number of
disputes arose between 2014 and 2023. That is, it is
possible to draw an indirect connection between the
aggravation of the problem of water conflicts and
Russia's attack on Ukraine (Fig. 2).

WATER CONFLICTS IN UKRAINE
FROM 2014 TO 2023
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Fig. 2. Location of Ukrainian water conflicts in the period from 2014 to 2023

According to Fig. 2, it is possible to trace a cer-
tain pattern of occurrence and localization of water
conflicts. Most of them arise near the front line, or
territories where hostilities previously took place. If
we take into account the additional inset map, we
can conclude that water conflicts arise in areas with
low availability of local hydrological resources and,
accordingly, are even more dangerous in the context
of water supply. Such actions are cynical and cruel
not only against water resources, but also against the
civilian population.

Case study of the Pechenihy reservoir. The
construction of the Pechenihy reservoir began in
1958 with the construction of a bridge over the Siv-
erskyi Donets River. Later a concrete plant was con-
structed immediately adjacent to the future dam,
where there was plenty of sand, and in order to
quickly supply concrete for construction (Fig. 3).
The purpose of the reservoir is drinking water sup-
ply, irrigation and fish farming.

The reservoir is located in the northeastern part

of the Kharkiv region. The dam is located 445 m.
northeast of the village of Pechenihy. The reservoir
belongs to the channel type, characterized by an
elongated shape and a relatively small area of
coastal shallow water zones (Fig. 4). The total
length of the reservoir is 65 kilometers, the width is
from 0.3 to 4 kilometers. The depth of the reservoir
ranges from 2.5 to 14 meters. The volume of the
Pechenihy reservoir is 400 million cubic meters.

The situation around the Pechenihy Reservoir
as a result of the start of a full-scale invasion of the
country in 2022 can be called one of the manifesta-
tions of water conflicts that has a double classifica-
tion. It is worth noting that this is the first armed
conflict that impacted the Pechenihy reservoir. For
more than 50 years of its existence, the reservoir has
never been subjected to military influence and, ac-
cordingly, has never become the site of a water
conflict.

From the first days of the full-scale invasion of
Ukraine by the Russian Armed Forces, the Pecheni-
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Fig. 3. Archival_photo of the cnrutio of tePechenlhy reservoir from the Museum
of Local Lore of the Pechenihy district. (Source: T. A. Sulima)

Fig.4. Satellite images of the Pechenihy reservoir. The first one is a composite of natural colors (True Color).
The second one is presented in a composite of artificial colors (False Color). Scale 1:400 000 [2]
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hy Reservoir suffered from explosions and combat
clashes taking place nearby. In the first days of the
war (February 24-25, 2022), a tank battle took place
on the shoreline of the reservoir, near the hydroelec-
tric complex, as a result of which the Ukrainian side
blew up part of the roadway to prevent the further
offensive of Russian troops (Fig. 5) [8].
Subsequently, the reservoir has served as a line
of demarcation for the front in the north-eastern part

Fig. 5. Parts of the hydraulic structure as of 25.02.2022. hotos taken by news channels

of the Kharkiv region, which is clearly visible on the
map of hostilities near the downstream of the Pech-
enihy reservoir (Fig. 6).

The greatest damage to the hydraulic structure
was caused in September 2022. Three locks were
taken out of working order by a missile strike, two
of which were completely destroyed. As of Novem-
ber 2023, only three of the dam's eight locks are in
operation (Fig. 7). The overflow of the river and the

COMBAT ACTIONS NEAR LOWER POOL
OF THE PECHINEZ RESERVOIR KHARKIV REGION
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Fig. 6. Fighting near the outflow of the Pechenihy reservoir of the Kharkiv region

-179 -



cepis «[eonozisi. [eoepadgbisi. Ekonozisi»y, 2024, sunyck 60

Fig. 7. Destyed

dam part of the Pechenihy hydroeetriccmplex, Early October 2022.

Photos taken from the Northern News Telegram channel

flooding of the banks of the Siverskyi Donets down-
stream, as a result of damage to the hydroelectric
system, should have destroyed pontoon bridges and
disrupted the logistics of the Armed Forces of
Ukraine (AFU) [10].

In September 2022, the Armed Forces of
Ukraine continued their counteroffensive on the
Lyman-Yampil-Bilohorivka line. The Russians be-
gan attacking Ukrainian hydraulic infrastructure in
the Kharkiv and Luhansk regions to hinder the ad-
vance of Ukrainian troops along the Siverskyi Do-
nets River. ISW analysts suggested that the reasons
for this were the destruction of pontoon bridges and
other logistics routes of the Armed Forces of Ukraine
on the Tetyanivka-Pryshyb-Lyman-Yampil line.

Based on this, the place of the Pechenihy reser-
voir in this local water conflict cannot be put into
one category. The reservoir was clearly used by the
Russian invaders as a "weapon". Even though the
Pechenihy reservoir is an important source of water
supply for many cities and communities in the
Kharkiv region, the occupiers continued to attack
this important hydraulic structure, fully understand-
ing all the consequences of such attacks. At the
same time, the reservoir was a "victim" that was not
subjected to accidental shelling by the same Russian
occupiers. The ambiguity of the classification can be
traced in the following cause-and-effect relation-
ship, which exhaustively describes the place of the
Pechenihy reservoir in this water conflict: the reser-
voir was used by both sides of the conflict as a "lev-
er of influence" in order to gain a strategic ad-
vantage during hostilities. During the retention of
this "advantage" by one of the parties, the reservoir
was sometimes subjected to shelling and assault at-
tempts. The latter defines the Pechenihy reservoir as
an unlawful victim. According to the classifications
considered in the first section of the work, the water
conflict under study can be characterized as follows:

- type of water fight: victim, weapon;

- type according to the level of exacerbation:

local;

- type by form of conduct: armed;

- type by the nature of military activity nearby:
explosions, mining, destruction.

The gradual deterioration of the technical com-
ponent of the Pechenihy hydraulic structure coincid-
ed with the conduct of hostilities. In the previous
paragraph, it was noted about the significant shal-
lowing of the reservoir. It is worth dwelling on this
in more detail, because such shallowing is a unique
case in the history of the Pechenihy reservoir, and
especially if we take into account the conditions that
caused it. In the satellite images below, it is possible
to visually track the increase in the coastline deep
into the area of the reservoir (Fig. 8).

New "islands" formed in the reservoir that, un-
der normal conditions, would not have existed. It is
also possible to trace a kind of white outline around
the entire plane of the reservoir. This is a coastline
that has increased significantly due to a decrease in
the water level. The threat of shallowing of a reser-
voir involved in water supply during hostilities can
have serious negative consequences. A critical de-
crease in the water level in the reservoir could cause
ecological degradation of the reservoir, disrupt the
balance of the ecosystem and lead to the extinction
of fish species and other aquatic organisms. More
clearly the summer shallowing of the reservoir can
be viewed in the pictures presented below (Fig. 9).

The Normalized Difference Moisture Index
(NDMI) is often used to determine the moisture
content of plants and monitor drought phenomena.
This index, like no other, clearly shows the decrease
in the water level from the shores of the reservoir
under study. The range of NDMI values varies from
-1 to 1. Negative NDMI values (from red and down
the scale) correspond to the exposed land surface.
Values close to zero (-0.032 to 0.032) are usually
denoted as "water stress". That is, a decrease in the
water level in our case, which usually shows
droughts in the context of plants. High positive val-
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Fig. 8. Satellite images of a part of the Pechenihy reservoir near the downstream are presented in a
composite of natural colors (True Color). The (1) image is dated pre-war — 25.06.2021,
respectively the second one (2) — 27.06.2022. Scale 1:20 000 [2]

Fig. 9. Satellite images of the Pechenihy reservoir near the downstream are presented with a normalized
difference moisture index (NDMI). The first image dates back to the pre-war time — 25.06.2021,
respectively the second — 27.06.2022. Scale 1:20 000 [2]

ues correspond to high vegetation cover that is not
subject to water stress (from 0.032 and up the scale).

By analyzing the obvious consequences of sat-
ellite images, it is possible to draw conclusions
about their localization and better understand the
stage of "drought™" after damage to the locks. How-
ever, if we talk about the environmental assessment
of the state of the reservoir under study, these con-
sequences are less obvious and require a more thor-
ough analysis.

Ecological condition of the Pechenihy reser-
voir. In order to determine the ecological state of the
reservoir, general indicators of the composition and
properties of surface waters obtained by the author
during an internship at the Laboratory of Water and
Soil Monitoring at the Regional Water Treatment
Region of the Kharkiv region (Regional Office of
Water Resources) were used. Indicators measured in
early October 2022 and March 2023 were used to
track the changes. October 2022 is characterized by
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relative calm after the Kharkiv counteroffensive,
and March 2023 is characterized by the absence of
any hostilities near the reservoir under study.
Among the analyzed indicators are: compounds of
organogenic elements, namely ammonium-, nitrate-,

nitrite, phosphate-ions (Table 1) and general indica-
tors of the composition and properties of surface
waters, including total nitrogen, biochemical oxygen
consumption, dissolved oxygen, dry residue and
chemical oxygen consumption (Table 2).

Table 1

Compounds of organogenic elements in the waters of the Pechenihy reservoir

Date of sampling Maximum permissible

Indicator, mg/dm3 12.10.2022 15.03.2023 concent:/a;llsg (MPC)
Ammonium ions 0,50 0,40 0,20
Nitrate ions 1,20 1,60 50
Nitrite ions 0,13 0,05 0,10
Phosphate ions 0,54 0,55 0,10

Compounds of organogenic elements in water
may indicate pollution of the aquatic environment
due to anthropogenic activities. Usually, organogen-
ic elements can get into the environment of water
bodies from industrial emissions or, in our case,
from military operations. Of these indicators, the
value of the maximum permissible norms (MPC)
exceeds the content of phosphate ions and ammoni-
um ions. Compared to 2022, the content of nitrite
ions in the water of the reservoir has significantly
decreased, therefore, as of 2023, this compound
does not exceed the maximum permissible concen-
tration.

The excess of phosphate ions and ammonium

ions can be explained by the contamination of the
water surface with waste as a result of military ac-
tivity nearby. Hostilities cause the destruction of
infrastructure, such as water and sewage systems, or
in our case, parts of a dam. This, in turn, can lead to
uncontrolled leakage of wastewater, which contains
large amounts of ammonium and phosphates, into
the reservoir. Also, the probable cause of the excess
of these substances may be fragments and remnants
of spent equipment and exploded shells containing
various chemicals that fall into the water during
rains. Explosions can lead to the decay of various
materials, including those that may be toxic or dan-
gerous to water systems.

Table 2

General Indicators of Composition and Properties of Surface Waters

Date of sampling Maximum permissible
Indicator 12.10.2022 15.03.2023 Conce”t:/a;;ﬁg (MPC)
Total nitrogen, mg/dm? 0,68 0,67 10
Dry residue, mg/dm?® 550 600 500
Biochemical oxygen demand, mgO,/dm?® 2,10 2,80 15
Chemical oxygen demand, mgQO./dm?® 19,0 23,0 15
Dissolved oxygen, mgO,/dm?3 8,0 8,8 9

General indicators of the composition and
properties of surface waters help to assess the over-
all quality of a hydrological ecosystem. These indi-
cators include variable parameters that characterize
the physical, chemical and biological aspects of the
aquatic environment. Of the above indicators, only
the dry residue and chemical oxygen consumption
significantly exceed the maximum permissible con-
centrations.

Exceeding the standards for the content of dry
residue in the reservoir, especially in conditions
when hostilities took place, may indicate water pol-
lution. Dry residue includes solids that remain in the
water after evaporation. Such substances may in-

clude mineral particles, waste, organic matter, and
other solid materials. Particulate matter has a signif-
icant impact on aquatic ecosystems. Due to the ex-
cessive content of dry residue, the water transparen-
cy index can decrease, which in turn affects the light
permeability for underwater plants and other organ-
isms, and also, this excessive indicator can settle at
the bottom, thereby changing the ecosystem envi-
ronment of the reservoir. A sharp increase in the
chemical consumption of oxygen in the water indi-
cates a certain level of pollution of the reservoir and
requires the implementation of measures to clean it.
The COD value is an important characteristic of wa-
ter, which allows us to draw conclusions about the
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content of oxidized substances in water, but, unfor-
tunately, does not provide any information about the
composition of the pollutant [17].

The waters of the Pechenihy reservoir may also
have similar indicators due to the transboundary
nature of the Siverskyi Donets, as noted in the pre-
vious subparagraphs. Upstream is the Belgorod res-
ervoir, whose water is moderately polluted. There-
fore, a certain proportion of pollutants can enter the
waters of the Pechenihy reservoir when water is dis-
charged from the Belgorod reservoir upstream.

It should be noted that most of the general indi-
cators of the composition and properties of surface
waters do not exceed the maximum permissible
concentrations and are within the normative values.
This indicates that the ecological state of the Peche-
nihy reservoir is not so critical. Of course, if we talk
about environmental performance. It is obvious that
the consequences of the destruction of part of the
hydraulic structure and shelling made certain ad-
justments to the hydro-ecological balance of the res-
ervoir, but this impact cannot be called inevitable.

After the loss of the Oskil reservoir in the
spring of 2022, the importance of the Pechenihy
water reserve will increase. In addition, the studied
reservoir is one of the cleanest in the region and co-
vers significant needs with the water supply of
Kharkiv. Therefore, the restoration of the Pechenihy
hydroelectric complex to its former technical capa-
bilities is important. However, before outlining the
main directions of restoration, it is worth consider-
ing the current state of the reservoir under study.
That is, the state of the Pechenihy reservoir at the
beginning of April 2024. The main components for
the characterization will be satellite images, thanks
to which it is possible to clearly trace changes in the
water level in the Pechenihy reservoir (Fig. 10).

The shoreline of the reservoir has significantly
decreased, which indicates an increase in the water
level. The islands that are sometimes visible on the
surface of the reservoir in the summer 2022 image
are no longer visible in the spring 2024 image. It
can be said that two years after the cessation of hos-
tilities, the Pechenihy reservoir regained its pre-war

1)

()

Fig. 10. Satellite images are presented in a composite of natural colors (True Color) of a part
of the Pechenihy reservoir near the downstream. The (1) image is dated 27.06.2022, respectively,
the (2) one is dated 10.04.2024. Scale 1:20 000 [2]
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boundaries (Fig. 11). Of course, some of the conse-
guences of hostilities are still visible on the ground.
It is these consequences that should be singled out
for further restoration, because the conditional dan-
ger from the mining of territories, for example,
threatens the environmental stability of the coastal
regions of the reservoir under study.

Future prospects of the Pechenihy Hydraulic
Structure. The primary area of restoration work
should be a hydraulic structure. The restoration of
dams after hostilities is a strategically important
stage in the restoration of infrastructure and water
management for sustainable development and secu-
rity. As of November 2023, only three of the eight
gateways are operational. As of April 2024, this sit-
uation has not changed, because the reconstruction
of the dam to its former technical capabilities is not
acute in today's conditions. It is enough to restore to
the minimum possibilities. On the other hand, re-

ducing the ability to regulate water levels by sluices
can make the reservoir less resilient to extreme
weather conditions. This can lead to an increase in
the risk of floods or, conversely, a decrease in the
water level to a critical state, as it was after the ex-
plosion.

As of April 2024, the water level in the reser-
voir is within the permissible limit. Confirmation of
this can be seen in satellite images and photos
above. The hydraulic structure on the downstream
operates in a restrained mode. The technical condi-
tion of the hydroelectric complex does not allow us
to guarantee that the dam will withstand the repeti-
tion of such explosions. The restoration of the dam
is quite a complex process, especially when it is
used as a transport link. However, the beginning of
restoration work was laid, so in the near future the
Pechenihy hydraulic structure may work in the
mode in which it worked before the war.

Q)

Fig. 11. Photo of Pechenihy Reservoir for 27.06.2022 (1) and 10.04.2024 (2)

The Pechenihy reservoir was actively used for
recreational purposes. However, now tourist activity
around the reservoir is significantly limited due to
the possible mining of the left-bank area, which was
under occupation. When it comes to demining, first
of all, the beginning of these works falls on ensuring
the sustainability of land plots involved in agricul-
ture, and, accordingly, the territories of settlements.
Before the war, the left bank of the reservoir was a
favorite vacation spot for many Kharkiv residents
because of its clean beaches and a large number of

(2)

recreation centers nearby. However, the resumption
of tourism activities in the territory that still belongs
to the areas with an active course of hostilities is not
a priority aspect that requires urgent intervention.
Therefore, a similar direction of restoration work
should be noted for the future.

In general, it is worth talking about the full pro-
spects for recovery after the end of hostilities. The
Chuhuiv district is still considered an area with an
active course of hostilities. Since the Pechenihy Hy-
droelectric Structure is a critical infrastructure facili-
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ty, it will remain a target for enemy strikes until the
end of the war.

Conclusions. As a result of the study, the fol-
lowing conclusions are raised:

1. The phenomenon of water conflicts is sub-
stantiated and its twofold manifestation is traced.
Water clashes are not only negative processes in the
geo-ecological aspect, but also a complex social
phenomenon that has certain natural reasons for its
occurrence. According to the generally defined clas-
sifications of «trigger», «victimy» and «weapony, the
place of water bodies in conflicts was considered
and the indirect impact of hostilities on the for-
mation of new foci of water clashes was traced on
the example of the world and Ukraine as a whole.
However, Military operations in the territories con-
taining such facilities significantly exacerbate the
problems that arose in peacetime and create signifi-
cant man-made and hydroecological risks and con-
flicts that can completely destroy water bodies and
adversely affect the environment.

2. The hydrological and technical characteris-
tics of the direct object of study of this article are
considered, which are very important, because be-
fore that they were not formed in this context. The
data obtained from the Laboratory of the Regional
Office of Water Resources in the Kharkiv region
made it possible to identify the latest geo- and hy-
droecological problems of the Pechenihy reservoir
and trace the gradual deterioration of its condition as
a result of combat activity nearby.

3. The events of the local water conflict,

which were collected by the authors of the work
during the period of time from the beginning of the
full-scale invasion of the Russian Armed Forces to
the Kharkiv counteroffensive of the Armed Forces
of Ukraine, are highlighted. For the first time, the
Pechenihy Reservoir suffered significant damage as
a result of hostilities, so such coverage of those
events is relevant and new, because they are formed
in the context of assessing the consequences of wa-
ter conflicts.

4. Classification of the studied conflict was car-
ried out according to the classifications of different
researchers. This helped to determine that the local
water conflict had dual classifications in terms of
the role of water resources in it. In accordance with
this, the water conflict around the Pechenihy reser-
voir is of an armed nature; the type of water skir-
mish, i.e. the place of water in the conflict — the vic-
tim, the weapon; type according to the level of ex-
acerbation — local; type by the nature of military
activity nearby — explosions, mining, destruction.

5. Potential ways of restoring the object of re-
search are analyzed. Analysis and comparison of
images of different times made it clear that the state
of the Pechenihy reservoir is not critical when com-
pared with other hydrological systems such as the
Oskil or Kakhovka reservoirs. The greatest damage
was caused to the technical part of the reservoir,
namely the hydroelectric complex, so the lion's
share of restoration work falls on it. It is worth talk-
ing about the full prospects for recovery after the
end of the war.
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YMOBax ChOTOJCHHS YKpaiHH, KOJIH BHUKIHMKH I BOTHUX OO0 €KTIB € CyTTEBUMH 1 ABJIAIOTH COOOIO HE JIMIIE HAAMIipHE
3a0pyIHEHHS ane i SBUINA BOJHUX KOH(QIIIKTIB, SKi B OKPEMUX BHUITAJKaX MPHU3BOAATH A0 MacIITaOHUX mpodieM. BomgHi
KOH(ITIKTH € cepilo3HOI0 MPOoONIeMOr0 y 0araTboX perioHax CBITY, Ae Ae(IiIHUT BOIHHUX pecypciB Ta iXx HepiBHOMIpHUI
PO3MOALT NPU3BOIATH J0 COIIaIbHO-CKOHOMIUHOI HAIIPYTH Ta €KOJOTIYHUX MpobieM. Buxoasuu 3 1mporo, moaioHi 1oc-
JKEHHs OyIyTh aKTyaJIbHUMH JIOTIOKH, JOKU B CBITI iICHYIOTh HPOOJIEMHI MUTAaHHS MPUYPOYEHI BOAOIOCTa4aHHIO. B
Cy4YacHHMX YKpaiHCBKHX peallisix MOoAiOHI JOCHiPKeHHS CIYTYIOTh He JIMIEe HayKOBUMHU MaTepiajiaMu, ajie i JOKyMeHTa-
JIbHAMH CBIAYEHHSIMH NEBHHUX BOJHHMX KOH(QUIIKTIB, HACIIIKU SKUX MOJAEKYIU PO3LIHIOIOTHCS SIK aKkT exonumay. Jocoi-
JDKEHHSI BOJJHUX CYTHYOK € BXKJIMBUM, a 0COOJIMBO B PO3pi3i BU3HAYSHHS HOTO MICLS MiJ 4ac BeACHHS 30pOHHUX JiH.
AwHani3 nposBiB Ta HACNIAKIB BOXHUX KOHQJIIKTIB, SIKi CTBOPEHI BHACIJIOK CYIEPIIO3HLIT PEerioHaIbHIX re0eKOJIOTTYHUX
po6JIeM perioHy 1 aKTHBHHX 1 TPHUBAIUX BIHCHKOBUX i, SIKi OpyTaabHO MPOSBIIIHCS Y MigpHUBaxX rpedeb, Ha MPHUKIIa-
ni [TedeHi3pKOr0 BOJOCXOBHINA Ma€ BENHUKE 3HAYCHHS I PO3YMIHHS MEXaHI3MiB BHHUKHEHHS KOH(TIKTIB Ta IX BIUIHBY
Ha Pi3HI aCHEKTH KUTTS pEeTioHy. AHali3 MPUYUH Ta HACHIAKIB BOTHUX KOH(IIKTIB J03BOJSE PO3pOOHTH e(heKTHUBHI
cTparerii ynpaBIiHHS BOIHUMH PECYpCaMH, SKi MOXKYTh OyTH 3aCTOCOBaHI HE JIMIIE Ha JIOKAJILHOMY, ajle i Ha HallioHa-
JBFHOMY Ta MDKHAPOAHOMY PiBHSX. [ledeHi3pbKe BOAOCXOBHIIE BiIirpae HE OCTAHHIO POJIb ¥ 3a0€3MEUCHHI BOTHIUMH pe-
cypcamMH HaBKOJHIIHIX TEPUTOPIH, MIATPUMYIOUN OIOpI3HOMAHITTSA Ta CTANICTh MicleBux aHmmadriB. L Bomoiima
MOJICKY/TH € YHIKaJIbHO [Tt XapKiBChbKOT 00J1acTi, 60 € HAWYKCTIIIO B perioHi. [TutanHsl, 110 OUIBII IPYHTOBHO PO3T-
JSITAIOTHCS Ha mpukiani [ledeHi3bKoro BOJAOCXOBHINA, € NMPUTAMAHHUMH W JESKUM IHIIMM E€KOJIOrO-TiJAPOJIOTIYHIM
00’exram JliBobepexHoro Jlicocreny Ha Mexi 3 IliBaiunum Crenom. 1i qBa 30HaIBHI TPOCTOPU HE MAIOTh YiTKOT MEXKI,
TOMY THPHHAJIEXKHI 10 HUX Taki 00’eKTH BapTo po3misigary coinbHo. Lle Ockinbebke, KpacHonapmiBebke, YacTKOBO 3a-
JIMIIKOBA YacTrHA KaXoBChKOi BOIONUMH, SIKI TIOCTPAXKTAIH BHACIIOK BINCHKOBUX i,

Knruoei cnosa: 6ooni konguixmu, Ileuenizvke 6o0ocxosuuye, 60106i 0ii, 2i0pONOSIUHI pecypcu, 2e0eKonN02iYHULL
cmat.
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