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involve long-term planning and discussion with authorities 
and stakeholders, including detailed plans on what to do 
after the removal of the dam to ensure stakeholders are pre-
pared and that ecosystems can be restored. However, some 
dams fail, i.e. their removal is unintentional, leading to neg-
ative consequences for local populations and ecosystems in 
the form of short-term, but devastating floods and longer-
term altered water regimes. There are various reasons for 
dam failure, but in many cases, it occurs due to extreme and 
prolonged rainfall events, a failure to plan for risk, and/or 
poor construction and maintenance (Latrubesse et al 2020; 
Roulo & Pichuka 2024; Darji et al. 2024; Zhang et al 2016, 
in particular ch. 4). Though rarer, dams can also be targets 
of malign actors or, to use Peter Gleick’s (2019) terminol-
ogy, dams can be “casualties of war” and even “weapons of 
war”. In such cases it is important to point out that, while 
someone certainly intended to destroy the dam, the destruc-
tion of the dam was unintentional and unplanned from the 
perspective of the owner/manager of the dam and from the 
perspective of the stakeholders, consumers and users of the 
water provided by the dam.1

1  By comparison the Soviet destruction of the Dnipro dam in 1941 
to obstruct the advancing German army was a planned dam removal.

Introduction

There is a wide-ranging discussion about the possibility 
of dam removal to restore rivers or water courses to their 
original state (Bellmore et al 2017, 2019; Foley 2017; Lejon 
et al 2009; Tullos et al 2016). Most dam removal projects 
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The paper describes the purposes of the Kakhovka reservoir, which was the final in a series of large reservoirs created out 
of the Dnipro River in Ukraine. Importantly the paper presents the water consumption balances of the reservoir prior to 
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of the Dnipro River, including water needed to maintain important ecosystems, can be met given the situation now where 
the Dnipro River still exists, but the reservoir and dam, which were important for regulating and maintaining flow-rates 
and water-levels at different times of the year, do not exist at the moment.
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In this paper, we present a case of dam failure due to a 
deliberate explosion, with catastrophic consequences, that 
has led to a wide-ranging debate on the desirability of dam 
reconstruction vs. nature restoration. We are talking about 
the destruction of the Kakhovka dam in southern Ukraine 
on June 6th, 2023 (see Glanz et al 2023). The immedi-
ate and longer-term consequences of this event have been 
devastating (KSE 2023; UNEP 2023; UN Ukraine 2023; 
Vyshnevskyi et al. 2023). What this paper is concerned 
with is a post-hoc discussion that has arisen in Ukraine 
about what to do with the former reservoir and dam after 
the war. Should the reservoir be “restored” partially (Stone 
2024) or in full (Afanasiev 2023), or should the original, 
pre-Soviet, wetlands be “restored”, by among other things, 
designating the former reservoir, which indeed appears to 
now be wetlands in formation (Afanasiev 2023), as a pro-
tected area (Vasyliuk et al. 2023). The Cabinet of Ministers 
of Ukraine has approved a decision (CMU 2023) calling for 
the rebuilding of the dam and reservoir. However, as this 
region is an active combat zone today, the implementation 
of this decision has been suspended until the region is liber-
ated. Thus, the future of the reservoir and dam remains an 
open question, as it is unclear when it can take place, and 
how it will be financed.

The amount and availability of water will be one of the 
main limiting factors in the future development of south-
ern Ukraine. We argue therefore that any plan of restoration 
should be informed by a discussion of the pre-war water-
uses and needs stemming from the reservoir, which is what 
we set out to do here. The aim of this paper is to provide 
an assessment of the water-related needs of different actors 
and branches for whom the Kakhovka reservoir was the 
main source of water. In particular, we will compare water 
balances and the hydrological regime of the Kakhovka 
reservoir and lower Dnipro River under years of low and 
high-water availability (exceedance), using official pre-war 
data. This will be compared with data on pre-war water 
use and consumption by different users and consumers of 
water from Kakhovka reservoir, plus the water-flow needed 
to maintain ecological functions in the lower Dnipro River, 
south of the erstwhile dam. With this baseline information 
we will be able to show the magnitude of water shortages 
that can arise in different water availability scenarios when 
the possibility to store water in a reservoir no longer exists. 
This will provide valuable information for decision-makers 
in Ukraine and Europe as they plan for a future with or with-
out the reservoir and dam.

This paper will make various contributions to the discus-
sion on dam removal and catastrophes. First, the literature 
on dam removal shows that actors who use the water from a 
reservoir are one of the main stakeholders in discussions on 
whether or not a dam should be removed (see for example 

Lejon et al 2009). In mapping out the pre-war water use 
from the reservoir, and how much water is available without 
the reservoir under different water availability scenarios, we 
provide important information for assessing which water 
consumers will be able to get the water they need, which in 
turn can feed into the debate among stakeholders about the 
future of the dam and reservoir. Second, dam failures of the 
magnitude of the Kakhovka dam destruction are thankfully 
rare in history (Zhang et al 2016). However, because of their 
“critical” importance as infrastructural nodes and because 
such large-scale failures are often unplanned (as defined 
above), the failure or destruction of such dams causes 
significant large-scale and long-term damage and require 
comprehensive consideration when planning for recovery. 
Despite this, events of this magnitude remain understudied 
in the literature on dams.

Background

The Kakhovka reservoir served as the main source of water 
in the southern Ukraine for the water consumers (household 
sector, industries, irrigation, drinking water supply for pop-
ulation) and water users (fishery, recreation, water transport, 
energy including cooling water for the Zaporizhzhia nuclear 
power plant). The reservoir was created in the 1950s when 
the Kakhovka Hydroelectric Power Plant (HPP) was built 
on the Dnipro River in southern Ukraine. It resulted in the-
flooding extensive wetlands, known as the Great Meadow, 
along the southern reaches of the Dnipro. While the main 
reason for the creation of the reservoir was to massively 
expand irrigation (Kuns 2018; Hapich, Onopriienko 2024), 
its creation significantly contributed to southern Ukraine’s 
industrialization and economic development in general. Put 
simply, all water-related infrastructure in southern Ukraine 
was oriented on and developed in line with the operational 
parameters of the Kakhovka reservoir. The Kakhovka HPP 
constituted the southern end of the reservoir, marking the 
boundary between the reservoir and the remaining unal-
tered portion of the Dnipro River, which flowed south of the 
dam. The power plant itself only provided roughly 1% of 
Ukraine’s total electricity (Hapich and Onopriienko 2024). 
However, the water sluicing through the dam was—as we 
detail here—important for supporting the normal function-
ing of ecosystems of the unaltered portion of the Dnipro 
south of the dam. In sum, the Kakhovka reservoir and HPP, 
as they functioned in the Soviet period and the period of 
Ukrainian independence, were arguably the most important 
structures for the economic and ecological life in the entire 
southern Dnipro basin in particular and southern Ukraine in 
general.
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The Kakhovka HPP and reservoir were the sixth and 
southernmost in a series of hydroelectric power stations and 
reservoirs that were built on the Dnipro River, resulting in 
the formation of what is called the Dnipro cascade of reser-
voirs (Baksheev 2008; MEPNRU 2022) (Fig. 1). The reser-
voir was put into operation in 1956. Its full volume was 18.2 
km3 and its usable storage, i.e. the difference between total 
storage volume of a water in the reservoir and the remain-
ing volume below the minimum operational level, was 6.8 
km3. The area of the water surface, when a normal retain-
ing water level was observed, was 2155 km2, and the water 
surface area of the “dead volume”, i.e. the water below all 
water intakes, was 1930 km2. The length of the reservoir 
was 230 km and the maximum and average width was 25 
and 9.3 km respectively. The maximum and average depth 
was 36 m and 8.4 m. The area of shallow waters, up to 1 m, 
was 44 km2, and up to 2 m, 110 km2 (Baksheev 2008).

The Kakhovka reservoir supplied water for the Kakhovka 
HPP, the Zaporizhzhia nuclear power plant, industrial enter-
prises, freshwater fisheries, recreation, extensive irrigation 
systems throughout southern Ukraine, as well as for the 
Dnipro-Kryvyi Rih and North-Crimean canals. In addition, 
the reservoir created a deep-water channel that allowed sea 
vessels to sail up the Dnipro River. The role of the Kak-
hovka HPP and dam as a regulator of the flow through the 
cascade of the Dnipro reservoirs was second to that of the 
Kremenchuk HPP (further north—see Fig.  1). However, 
from all the waters that were consumed in the Dnipro basin, 
it was from the Kakhovka reservoir that the most water was 
extracted and transferred irretrievably outside the basin. In 
some years, the amount taken from the reservoir could con-
stitute 40% of water used in Ukraine (Vyshnevskyi et al. 
2011).

On the 6th of June 2023 at approximately 02:50 AM the 
dam containing the Kakhovka Hydroelectric Power Plant 
was demolished in an explosion. A powerful current of 

water from the reservoir gushed through the resulting open-
ing in the dam into the Dnipro River and continued towards 
the Black Sea.

According to data from the Ukrainian Hydro-meteoro-
logical Institute, as of July 15, 2023, the area of the Kak-
hovka Reservoir after the explosion of the dam was 261.1 
km2 (NASU 2023). Of this area, 120.9 km2 included the 
area of the channel of the Dnipro River. Not included in 
this area are other water bodies forming in the bed of the 
reservoir.

Thus, on July 15, 2023, there remained only 12.7% of the 
general area of the Kakhovka Reservoir. On June 5, 2023, it 
was at 2065 km2, somewhat under the standard area noted 
above (2155 km2) when a normal retaining water level is 
observed. Also, on the territory of the reservoir, the main 
channel of the Dnipro River (re)appeared (Fig. 2).

Unplanned dam removals in an international 
context

Events like the destruction of the Kakhovka dam, leading 
to the emptying of one of the largest reservoirs in Europe, 
are rare in the modern era, but they are instructive. By far, 
most planned dam removal projects (O’Connor et al. 2015; 
Magilligan et al. 2017) and unplanned dam failures (Zhang 
et al 2016) involve smaller dams. The effects of the removal 
of such dams are geographically constrained, though of 
course the failure of even a small dam can cause consid-
erable local destruction. The point here is that small dams 
are not “critical infrastructure” in the same way that a dam 
the size of Kakhovka was. Critical infrastructure is typi-
cally defined as “systems and assets, whether physical or 
virtual, that are so essential to a nation that any disruption 
of their services could have a serious impact on national 
security, economic well-being, public health or safety, or 
any combination thereof” (Alcaraz & Zeadally 2015, p. 53). 

Fig. 1  The map (A) and the cascade scheme (B) of the Dnipro River reservoirs comprising (from north to south) Kyiv, Kaniv, Kremenchuk, Kami-
anske (Middle Dnipro), Dnipro, and Kakhovka reservoirs
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makes our assessment here of water balances and hydro-
logical regimes with and without the dam relevant for the 
near future, no matter the decision that is made on the dam.

Another point to make here is that, as Magilligan et al. 
(2017) argue, each dam removal is “complex” with unique 
historical and geographical circumstances and institutional 
equities shaping the decision-making process. One potential 
constant in this complexity is the likelihood of stakeholder 
conflict between those who want to remove the dam and 
those who want to retain it, or in the Ukrainian case, those 
who want to restore the dam and those who want to restore 
pre-reservoir ecosystems. In this regard, as Tonitto and Riha 
argue (2016), it is vitally important that proper and exhaus-
tive impact assessments are conducted on the consequences 
of the dam removal (or dam restoration) decision. We see 
our work here as contributing to such an impact assessment.

Finally, the consequences of the destruction of the dam 
go beyond Ukraine. The initial flooding event caused by the 
destruction of the dam had a tremendous negative effect on 
the Black Sea, particularly its northern part (Minicheva et al 
2023; Tuchkovenko et al 2024; Tuchkovenko & Stepanenko 
2023). Even if we can already see that natural processes are 
restoring natural ecosystems in the Black Sea (Minicheva 
et al 2023), this process will take a number of years. The 
relevance for this paper is that whatever post-war solu-
tion is chosen for the Kakhovka dam will naturally affect 
the amount and quality of water flowing from the southern 
Dnipro into the Black Sea, with long-term implications for 
ecosystem services and post-war environmental recovery 
(Hapich et al. 2024).

In this sense, the Kakhovka dam, as we demonstrate below, 
ensured important services in water provision, energy gen-
eration, river flow regulation, flood prevention, and recre-
ation for all of southern Ukraine. The disruption of these 
services caused by the dam’s destruction will have a serious 
long-term impact on the future development prospects of 
the entire region, in which more than 3 million people lived 
before the war. Events of the magnitude of the Kakhovka 
catastrophe may be rare, but their effects reach much further 
in space and time than the removal or failure of small dams. 
Also, framing the Kakhovka dam as critical infrastructure 
opens up for discussions, on the hand, of the important ser-
vices that need to be maintained or replaced now that the 
dam has been destroyed and, on the other hand, the long-
term vulnerability and risk that such large infrastructural 
nodes carry (Van der Vleuten et al 2013). In mapping out 
pre-war and current water-balances, we contribute to this 
discussion.

Since WWII, there has been one comparable event: the 
failure of the Banqaio dam in China in 1975.2 The immedi-
ate cause of this event was exceptionally high levels of pre-
cipitation due to typhoon Nina, but there were a variety of 
longer-term safety and landscape planning issues that con-
tributed to the wide-spread destruction (Qing et al. 2016). 
The Banqaio dam was eventually reconstructed, though 
only 18 years after the initial catastrophe. This suggests that 
even in the event of a decision to reconstruct the Kakhovka 
Dam following the end of the war, the different water users 
and consumers in southern Ukraine will still have to wait 
a number of years before a new reservoir is in place. This 

2  It was actually a cascade of dam failures caused by the typhoon, but 
the Banquaio dam was the largest of the dams to fail.

Fig. 2  The map of the Kakhovka 
reservoir before its demolition, also 
showing the formation of channel 
of the Dnipro as of 15 July 2023
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probability of the supply of water resources), allows a com-
parison of the real capabilities of the river with the needs of 
industry, the economy and people as a whole. The devel-
opment of the water management balance for the part of 
the Dnipro River between the dam of the Dnipro reservoir 
(Zaporizhzhia) and the dam of the Kakhovka reservoir is 
carried out by the Lower Dnipro Basin Agency for Man-
agement of Water Resources. The calculation of the water 
management balance for the Kakhovka water management 
area (i.e. as mentioned above, between the Dnipro dam and 
the Kakhovka dam) is carried out in accordance with proce-
dures developed by the Ministry of Environmental Protec-
tion and Natural Resources of Ukraine (MEPNRU 2017). 
The calculated water management balance of the lower Dni-
pro is presented on the official website of the State Water 
Agency (SAWRU 2019).

When analyzing the ability to meet the water needs of 
various sectors of the economy, keeping in mind environ-
mental sustainability, we have also taken into account (1) 
the requirements for the water level regime of the Kak-
hovka reservoir in accordance with the rules of its operation 
(MEPNRU 2022), (2) earlier research on hydrological char-
acteristics and the water balance and management aspects of 
the Kakhovka reservoir (Baksheev 2008; Vyshnevskyi et al. 
2011; Koryagina 2015; Yatsyk et al. 2003; Obukhov 2017) 
and (3) hydro-ecological research (Oksiyuk et al. 1997; 
Timchenko 2006).

In sum, we have assessed—in the analysis below—the 
need for water for different uses: drinking water, irrigation, 
hydropower, industry, and water transport, keeping in mind 
the ecological requirements for aquatic ecosystems below 
the Dnipro hydroelectric dam. Furthermore, we take into 
account the following conditions:

1) Guaranteed water extractions: we base our assessment 
on the total hydrograph of water needs, taking into account 
various scenarios of actual water use in comparison with the 
water supply.

2) Guaranteed water level: requirements for the minimum 
water level allowing proper operation of hydraulic struc-
tures (various canal and water pipeline intakes and pumping 
stations at various points on both sides of the reservoir and 
the dam sluices) of various industries in the pre-war period.

3) Guaranteed volume of water needed to ensure extrac-
tions under different scenarios of actual water use and mini-
mum water level limits for hydraulic structures of various 
industries.

Study area and methods

For a quantitative assessment of water resources and the 
extent of their use by various industries, the authors have 
taken into account the actual water balance of the Kakhovka 
Reservoir from 1989 to 2021, mainly the part, which was 
consumed or used. The period for analysis is selected based 
on the characteristics of the climate cycle and includes vari-
ous stages of economic development affecting demand and 
use of water resources.

The actual water balance is calculated, using actual data, 
according to the general formula: inflow of water—water 
use—accumulation = residual. The inflow to the Kakhovka 
reservoir consists of surface inflow through the higher Dni-
pro HPP, the dam in the cascade that is located in Zapor-
izhzhia immediately to the north of the Kakhovka HPP. 
Inflow also consists of water pumped into the reservoir 
from rivers blocked by dams; surface inflow of water into 
the reservoir from areas not covered by flow measurement 
(lateral inflow); atmospheric precipitation on the reservoir 
surface; as well as inflow into the reservoir from indus-
trial and domestic wastewater. The outflow includes water 
flowing through the Kakhovka HPP (i.e. through hydrau-
lic aggregates, spillways, sluices and filtration); intake of 
water from the reservoir for irrigation; intake of water from 
the reservoir for drinking water systems, water losses from 
evaporation from the surface of the reservoir; and losses 
from one-way filtration (through soil) from the reservoir.

We use official water balance data in this paper from the 
Kakhovka Hydro-meteorological Observatory of the Kher-
son Regional Center for Hydrometeorology. The yearly 
annual water balance, calculated in monthly time intervals, 
can be found under "Surface Waters" in the State Water 
Cadaster (2022). Importantly, while water consumption is 
usually measured with a volume measurement—for exam-
ple square meters—we will measure water use or consump-
tion as volume per time unit, in this case seconds. We do 
this so that we can match water use or consumption with 
measures of water supply which are generally expressed as 
water flow in cubic meters per second—m3/s.

In order to understand the possibility of meeting the water 
needs of all sectors of the economy of a given territory, it is 
also necessary to consider the water management balance, 
which, in accordance with the requirements of the Water 
Code of the country, is drawn up by the State Water Agency 
together with representatives of interested executive bod-
ies and organizations. This is a strategic planning tool that 
lays down the foundations of water resource distribution, 
analysis, planning, water consumption and drainage norms 
(SAWRU 2019). The use of the water management balance 
of a given basin or sub-basin of a river, taking into account 
different water conditions (50%, 75% and 95% exceedance 
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The throughput capacity of blowdown facilities was 20 m3/s 
(Non-technical summary 2016). The critical mark for feed-
ing the cooling reservoir of the NPP from the Kakhovka res-
ervoir was 13.2 m BS (Yatsyk et al. 2003).

The intra-annual distribution of the monthly average 
water intakes (maximum and minimum values from 1989 
to 2021), as well as the design capacity of water intakes are 
shown in Fig. 3. As follows from this data, water use gener-
ally increased in July—September. The maximum average 
monthly amount of water that was extracted for water con-
sumption to cities and enterprises from the Kakhovka reser-
voir, and the annual water volumes are presented in Fig. 4. 
The dynamics of monthly water extraction and annual 
water volumes (Fig. 4) show a tendency towards a gradual 
decrease at least during the last thirty years. Both Figs. 3 
and 4 are based on the data given in the output portion of the 
actual water balance (State Water Cadaster 2022).

It should be noted that the Mykolaiv city water intake is 
located below the Kakhovka HPP on the Dnipro River, the 
design capacity of which is 9.26 m3/s (800 thousand m3/
day) (Yatsyk et al. 2003). Compliance with the minimum 

Results

Using and consumption of water resources from the 
Kakhovka reservoir in the pre-war period

An assessment of the water needs of various water users 
and consumers and how these needs are satisfied from water 
coming from the Kakhovka reservoir are presented and dis-
cussed below.

Water supply. The primary purpose of the Kakhovka res-
ervoir before the war was to supply water to cities, towns 
and settlements to meet the needs of households (including 
drinking water) and industry. The list of water consumers 
from the Kakhovka reservoir is presented in Table 1.

Estimations at the global level demonstrate that the 
industrial sector consumes approximately 20% of the avail-
able freshwater (Xuemei Han 2024). As it follows from 
the Table 1, the industrial sector in the region of the Kak-
hovka reservoir consumes over 25% of water, but the table 
shows data for Kryvbas area only. The reservoir was also an 
important source of industrial water supply for the Zapor-
izhzhia thermal power plant (TPP) and nuclear power plant 
(NPP), the latter being the largest nuclear power station in 
Europe. These are two separate power plants that are located 
next to each other in the occupied city of Enerhodar on the 
east side of the reservoir. The Zaporizhzhia TPP consumed 
water through a deep-water intake facility. The estimated 
water withdrawal was Q = 66 m3/s (Bosak and Gvozdetskyi 
2015). The depth of the intake is about 8  m. The Zapor-
izhzhia NPP requires its own cooling reservoir, which needs 
to be regularly replenished due to natural evaporation from 
the water surface, evaporation and diversion of water from 
splash basins and cooling towers, partial filtration into the 
ground water, and regular purges (which have occurred 
continuously since 2005). This replenishment is carried out 
through the discharge channel of the Zaporizhzhia TPP con-
nected to the Kakhovka reservoir. The planned volume of 
purging was 315,360 thousand m3 at a flow rate of 10 m3/s. 

Fig. 3  Multi-year average intra-annual distribution of water consump-
tion (m3/s) from the Kakhovka reservoir made available to water 
consumers including the needs of the Zaporizhzhia TPP and NPP and 
other enterprises and settlements

 

Name of the populated area, pump station Intake design capacity The minimal pos-
sible water level 
in the water intake 
zone, m BS*

th. m3/day m3/s

Water for drinking and household use
 Marganets city 130 1,50 12,7
 Nikopol city 110 1,27 12,7
 Pokrov town 150 1,74 14,0
 North-Rogachyk 4838 56,0 12,72
 Blagovishchenske 172,8 2,00 14,5
 Ivanivske 449,2 5,20 14,5
Industrial water intake
 Kryvbasprom—water supply (through the 
Dnipro-Kryvyi Rih canal)

1979 22,9 13,2

Table 1  Existing water intakes of 
water consumers of the Kak-
hovka reservoir. Designed on the 
base of data from (Timchenko 
2006)

*BS Baltic height system (verti-
cal reference system)
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Water in the North Crimean Canal flows by gravity on 
the Ukrainian mainland (water flow is aided by pumping 
once it reaches Crimea). At a water level of 14.0 m BS in 
the Kakhovka reservoir, the installed capacity was 380 m3/s 
(Baksheev 2008). The intake of water was also uneven with 
the flow of water into the canal varying both over a 24-h 
period, and over a period of several months (Honcharuk 
2018).

For example, daily water consumption in 2001 ranged 
from 60 to 205 m3/s. Water supply to Crimea from this canal 
was terminated in 2014, after which daily consumption at 
the main intake facility varied between 11 and 59 m3/s 
(Honcharuk 2018). In some publications it was noted that 
the maximum flow rate reached 65.9 m3/s (see for exam-
ple Gruzinska et al. 2020). It should be noted that changes 
in water level above and below the Kakhovka HPP and in 
the pressure on gates for the North Crimean Canal in their 
respective spillways could affect the operation of all down-
stream structures along the canal, especially the mainland 
portion (before reaching Crimea) subject to water intake by 
gravity flow. Usually, an increase in the water level would 
lead to an increase in water extraction and vice versa.

Figure 5 shows the monthly average distribution of water 
extracted from the reservoir for the purpose of irrigation (for 
the period 1989–2021), the maximum and minimum values, 
as well as the total design capacity of water intakes of the 
irrigation canals. The graphs are based on data given in the 
extraction/outflow part of the actual water balance (State 
Water Cadaster 2022).

The maximum average monthly extraction of water dedi-
cated to irrigation was 459 m3/s (Fig. 6). During the reser-
voir’s existence, the maximum volume of water extracted 
for irrigation use reached 6029 million m3 (in 1990) (Obuk-
hov 2017).

In general, 74% of irrigated land in Zaporizhzhia (204.4 
thousand ha), 30% (50.2 thousand ha) of irrigated land in 

ecological flow release of water at the Kakhovka HPP 
ensured the normal functioning of this pipeline.

The following section describes water needs and water 
consumption features by the irrigation sector, the largest 
water consumer in the region.

Irrigation. One of the main tasks of the Kakhovka reser-
voir was to meet water needs for irrigation of the arid regions 
of the Lower Dnipro and Crimea. The main requirement for 
agriculture was to ensure estimated water extraction during 
the growing season. The analysis of the average long-term 
components of the use/outflow part of the actual water bal-
ance of the reservoir shows that irrigation accounted for an 
average of 6.3–6.5% of the total water use. There is not a 
uniform use of water for irrigation during the growing sea-
son. On average, 65% of the total volume of water with-
drawal occurred in summer; sometimes this value reached 
76%.

Water intake for irrigation was carried out by irrigation 
systems located on the banks of the Kakhovka reservoir, 
mostly by water intakes of the North Crimean and Main 
Kakhovka Canals. In the pre-war period, the latter withdrew 
more water from the reservoir than the former (Table 2).

The Main Pumping Station was used to supply water 
to the Main Kakhovka Canal. Water intake was generally 
uneven during the irrigation season. For example, instanta-
neous peak flows during 2017 ranged from 6.5 to 152 m3/s 
(Khokhlova & Lukashov 2018). The minimum level for the 
water intake was 14.5 m BS.

Table 2  Characteristics of the main canals and irrigation systems that 
consume water from the Kakhovka reservoir
Name of the channel Power of the main pumping station 

(MPS), m3/s
Design/installed Actually used

North-Crimean Canal 294/380 65.9*

Main Kakhovka Canal 530/360 134*/152**

*According to the 2016 data (Gruzinska et al. 2020)
**According to the 2017 data (Khokhlova and Lukashov 2018)

Fig. 5  Supplied for irrigation from the Kakhovka reservoir an average 
multi-year (1989–2021) intra-annual distribution of water consump-
tion (m3/s)

 

Fig. 4  Annual volumes of water (million m3) and maximum average 
monthly water consumption (m3/s) supplied for the Zaporizhzhia TPP 
and NPP and other enterprises and cities, from the Kakhovka reservoir
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Aside from providing electricity, the key direct task facing 
the Kakhovka HPP in its normal operational regime was to 
ensure the functioning of aquatic ecosystems in the reser-
voir and in the Dnipro River below the dam, especially to 
limit fluctuations in water levels during the fish spawning 
period.

Water transport. According to the long-term average 
components of the useable portion of the water balance of 
the Kakhovka reservoir (State Water Cadaster 2022), water 
flowing through the locks for lifting and lowering ships for 
onward movement up or downstream was 0.4% of the water 
balance. The calculated navigable water level is 14  m. A 
decrease in the navigable level mark leads to disruptions in 
the guaranteed depths on the shoal. This is especially impor-
tant near the city of Zaporizhzhia, where the approach to 
the sluice from below contains rocks and the depth of this 
canalized section is 3.2 m, which is lower than the accept-
able water level for navigation operations (14 m). The rocky 
bottom of the ship passage (35 km long) with limited depth 
continues to Bilenke pier (Yatsyk et al. 2003). Mixed river-
sea type vessels have the largest draft with cargo, which is 
3.75 m.

Fishing. The Kakhovka reservoir was characterized by a 
lack of spawning areas. They were under 5% of the area of 
the water surface at the normal retaining level (NRL), which 
is two to four times lower than the indicators of other res-
ervoirs of the Dnipro cascade. The main spawning grounds 
in the Kakhovka reservoir were non-silted or slightly silted 
areas with depths of up to 2 m, protected from wind and 
wave influence, with a developed spawning substrate. The 
spawning grounds most suitable for the reproduction of 
phytophilic fish species, were concentrated in the northern 
part of the reservoir (Buzevych et al. 2015). The determi-
native factor for the normal reproduction of fish stocks in 
reservoirs is the water level fluctuation. With respect to the 
Kakhovka HPP, fishing requires limits in the fluctuations of 
the water level: in the southern area closest to the dam fluc-
tuations should not exceed 0.4 m while the daily water level 
fluctuations during spawning periods should not exceed 
0.1 m (MEPNRU 2022).

Ecological flows. The reservoirs of the Dnipro Cascade 
are operated in such a way as to ensure the proper func-
tioning of the ecosystems of the reservoirs themselves and 
the lower Dnipro River (i.e. south of the Kakhovka HPP). 
The lower Dnipro is, compared to the cascade, a relatively 
undisturbed portion of the original Dnipro River. The man-
agement of the reservoirs is thus a factor in the reproduction 
of biological resources, the maintenance of the self-purifi-
cation capacity and the provision of standard quality water 
to water consumers in the lower Dnipro River. Accord-
ing to the operational regulations of the reservoirs of the 
Dnipro Cascade (MEPNRU 2022), the following minimal 

Dnipropetrovsk Oblast, and 94% (329.4 thousand ha) of 
irrigated land in Kherson Oblast (CES 2023) relied on water 
extractions from the Kakhovka reservoir. As of the second 
half of 2023, irrigation of these lands has been stopped due 
to the loss of the water supply source.

The following part describes of the water needs for the 
main water users in the region.

Hydropower. The use of the Kakhovka reservoir as 
a water source was to a significant degree regulated by 
the operations of two hydroelectric facilities: the Dnipro 
Hydroelectric Power Plant at the north end of the reservoir, 
located in the city of Zaporizhzhia, and Kakhovka Hydro-
electric Power Plant at the south end (MEPNRU 2022). The 
main task of the Dnipro HPP was to cover the peak loads of 
Ukraine’s power system and use the power generated by the 
plant to regulate the frequency and daily load schedule. The 
electricity production of the Dnipro HPP makes up roughly 
40% of the Dnipro Cascade hydroelectric power plants-
pumped hydroelectric energy storage (HPP-PHES) and its 
reliable operation is a guarantee of the stable operation of 
the energy system of Ukraine. While delivering this energy, 
the Dnipro HPP also plays a key role in guaranteeing a 
water-flow that would ensure proper ecosystem functioning 
both in the Kakhovka reservoir and south of the Kakhovka 
HPP. The Dnipro HPP requires an optimal water level both 
above and below the dam, which is regulated by approved 
Rules (MEPNRU 2022). The dewatering of the Kakhovka 
reservoir due to the destruction of the Kakhovka HPP means 
that the optimal water level can no longer be achieved below 
the Dnipro HPP. In this regard, the first stage of an experi-
mental project envisages the design and construction of an 
overflow dam to ensure an adequate water level below the 
Dnipro HPP (CMU 2023).

According to the analysis of the actual water balance, the 
share of surface runoff that passed through the Kakhovka 
HPP’s turbines and spillways, i.e. the amount of water fil-
tering through the dam, was 83.3% of the total consum-
able part of the water balance (State Water Cadaster 2022). 

Fig. 6  The maximum average monthly flow of water (m3/s) and annual 
volumes of water (million m3) supplied for the irrigation from the Kak-
hovka reservoir
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wedges into the Dnipro estuary. The regular dynamics of 
BODtot from the discharges of the Kakhovka HPP made it 
possible to determine the maximum permissible ecological 
water flows in eight established sections of the lower Dni-
pro, extending from the Kakhovka HPP outlet to the Dni-
pro-Bug estuary (Timchenko et al. 2000). With regard to 
the parameters mentioned above, the dependence between 
discharges from the Kakhovka HPP and the concentration 
of BODtot was determined for each of the eight zones of the 
lower Dnipro from the Kakhovka HPP outlet to the Dnipro-
Bug estuary (so-called the Dnipro River mouth zone).

We show nomograms for extreme areas. The nomogram 
presented in Fig. 7 is used to estimate the minimum ecologi-
cal flows to maintain acceptable BODtot levels in the lower 
Dnipro. The procedure involves: (i) selecting the relevant 
river reach; (ii) specifying the initial BODtot concentra-
tion based on monitoring data; (iii) defining a target BOD-
tot threshold corresponding to acceptable ecological status; 
and (iv) determining the minimum river discharge required 
to achieve this target. Discharges below 470–490 m3/s are 
associated with a rapid deterioration of oxygen conditions 
and increased ecological risk.

Thus, the quality of the water directly near the HPP 
(Fig. 7 right, A) depended more on the initial concentration 
of BODtot. As Fig. 7A shows, at significant concentrations of 
BODtot guaranteeing the functioning of aquatic ecosystems 
near the HPP could be difficult given high initial pollution 
indicators (higher BODtot), i.e. there is no flow rate that can 
correct for high BODtot values. However, when approaching 
the estuary (Fig. 7 right, B) compliance with environmental 

flow rates have been established for maintaining important 
ecosystems. We call them here ecological flow rates. For 
the Kremenchuk, Middle Dnipro (Kamianske) and Dnipro 
HPPs, the flow rates should be at least 400 m3/s (for the 
purpose of diluting wastewater). Flows from the Kakhovka 
HPP should be higher (500 m3/s); a decrease below 500 m3/s 
has been allowed only in special cases (in years of 97–99% 
of exceedance probability). The exceedance probability of 
the flow is evaluated using empirical curves of exceedance 
probability based on long-term series of monthly water dis-
charges. The water flow during drought (corresponding to 
97–99% exceedance probability) is extremely low.

During the spawning of aquatic biological resources and 
with sufficient water content with the priority of filling the 
Kremenchuk reservoir, water flow from the Kakhovka res-
ervoir to the lower Dnipro can be increased to 1000 m3/s 
or more to ensure eco-system functioning (State Water 
Cadaster 2022). The Kremenchuk reservoir has the second 
largest water storage capacity of all reservoirs in the Dnipro 
cascade, and the proper management of its water level is a 
guarantee that the population, the economy and the environ-
ment for large parts of Ukraine will be provided with water 
resources during dry periods.

The parameters for ensuring functioning of eco-systems 
in the reservoirs and lower Dnipro were established by the 
Institute of Hydrobiology of the National Academy of Sci-
ences of Ukraine (Oksiyuk et al. 1997; Timchenko 2006). 
The main indicators for water quality in the lower Dnipro 
River are (1) the dynamics of biological oxygen demand 
(BODtot) and (2) the processes of the intrusion of salt water 

Fig. 7  Map presenting the extreme zones of the lover Dnipro (A and B, left) and examples of the nomograms for determining ecological flow 
release in the summer period for the same zones. The numbers on the lines are the initial concentrations of BOD
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discharge results in increased penetration of saline water, 
posing risks of salinization, freshwater habitat degradation, 
and stress to aquatic biota. The threshold value for main-
taining an ecological flow was set at 500 m3/s, at which the 
probability of saltwater penetration is insignificant (Fig. 8).

Nevertheless, even with water flows of less than 1000 
m3/s, under various conditions, saltwater can still penetrate 
into the Dnipro delta. The latter can lead to a decrease in the 
content of dissolved oxygen in the water, an increase in the 
content of hydrogen sulfide, fish fatigue, soil salinization, 
etc. It requires a water release from the Kakhovka HPP with 
a flow rate of more than 1,500 m3/s to completely eliminate 
the possibility of saltwater wedges appearing in the mouth 
of the river. However, according to research from the Insti-
tute of Hydrobiology, Kyiv (Dubnyak et al. 2018), the prob-
ability and scale of salt wedge penetration into the lower 
Dnipro has increased significantly since the 1980s. In 2018, 
for example, with flow rates from the Kakhovka reservoir 
close to ecological thresholds, the salt wedge reached the 
city of Kherson.

The general requirements for the minimum water level 
needed for the proper operation of different hydraulic struc-
tures (e.g., dams, channels, spillways, flumes, fishways, 
etc.) that provide water for various industries in the pre-war 
period are presented in Fig. 9.

For obvious reasons, the water level is now under these 
minimum levels, which creates problems for multiple water 
users and consumers. At present, the priority is the search 
for alternative water supply for cities. The issue of provid-
ing water to all water-intensive sectors of the economy and 
establishing the operation of related hydrotechnical facili-
ties has not been resolved at the moment and will emerge 
as an acute problem during post-war reconstruction period.

standards is more optimally achieved with an increase in 
the water residence time in the system and thus less depen-
dent on the initial concentration, though higher water flow 
is required (Oksiyuk et al. 1997). The minimum ecological 
flow should be at least 470–490 m3/s.

Another factor that contributes to the determination of 
ecological flow rates is the phenomenon of saltwater intru-
sion into the lower reaches of the Dnipro. It was observed 
even before construction of the hydro power station. This 
phenomenon can be observed several times a year and last 
from five to 15 days. The main factors that affect saltwater 
intrusion are runoff and its intra-annual distribution, as well 
as storm surges and reverse surges that depend on hydro-
meteorological conditions. Figure 8 presents a nomogram 
linking river discharge to the upstream penetration of the salt 
wedge in the Dnipro estuary. The nomogram is applied by 
selecting representative marine salinity conditions and cor-
responding river discharge values, from which the upstream 
extent of saltwater intrusion is determined. Reduced river 

Fig. 9  Minimal level of water 
needed for the proper operation 
of different hydraulic structures, 
such as irrigation canals and water 
intakes for various consumers in 
the pre-war period. Based on data 
from Yatsyk et al. 2003. PS pump-
ing station

 

Fig. 8  Nomogram for determining the length of the wedge of salt water 
in the Dnipro estuary (km) at different water flow rates (m3/s) and ini-
tial salinity concentration (‰, numbers on the lines). Based on the data 
from Oksiyuk et al. 1997
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Water inflow to the studied area of the Dnipro River

The water management balance acts as one of the sources 
of initial information in the planning and operation of water 
management facilities. The income related part of the water 
management balance has been developed for years with 
50%, 75%, and 95% exceedance probability on a monthly 
basis. According to the State Agency of Water Resources 
(SAWRU 2019), the average annual flow of water entering 
the water management area of the Kakhovka reservoir under 
these different water conditions is 1250 m3/s, 999 m3/s, and 
837 m3/s respectively (Table 3). The intra-annual distribu-
tion is uneven, with minimum monthly water flow rates in 
July–October. In low-water years with 95% of exceedance 
probability the average monthly minimum flow decreases 
to 503–510 m3/s. Figures 10 and 11 show the intra-annual 
distribution of flow rates based on the different exceedance 
rate scenarios, as calculated by the State Agency of Water 
Resources (SAWRU 2019).

Meeting prospective water needs based on the 
current situation taking into account the water 
content of the Dnipro River

When assessing how to satisfy prospective water needs, 
three scenarios were considered, which were based on the 
actual pre-war water demand – minimum, average and 
maximum. According to the above analysis, water demand 
usually starts to increase with the start of the irrigation sea-
son starting in April and ends in October. A separate impor-
tant component of the outflow/use part of the water balance 
equation is the provision of appropriate eco-system func-
tioning in the lower reaches of the Dnipro (i.e. south of the 
Kakhovka HPP, see section on ecological flows above).

Our estimates of the possibilities for providing water to 
various water users and consumers, taking into account the 
need to ensure functioning of aquatic ecosystems under dif-
ferent water conditions The estimates are based on the data 
provided in Table 3. Thus, for water use and consumption, 
we have added the water needed by urban and regional pop-
ulations and industry (see Fig. 3), water for irrigation (see 
Fig. 5), and water needed for ecological flows (see section 
above on ecological flows). Figures 3 and 5 show minimum, 
average and maximum use over the year, and these have 
been added together here to produce overall minimum, aver-
age and maximum use. To account for maintaining ecologi-
cal flow (as explained above), we have added a threshold of 
500 m3/s to each of the estimates on minimum, average and 
maximum water use. If we juxtapose these estimates of pre-
war water use over the supply of water based on scenarios of 
river flow exceedances of 50%, 75% and 95%, we see that 
it will almost always be necessary to reserve some water to 
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m3. With more favorable water availability, these values are 
smaller. A water deficit is absent only under the condition 
of minimal water demand in years with 50% exceedance 
probability (i.e. the solid blue line in Fig. 10—water use—is 
under the dotted blue line which indicates water availabil-
ity). However, it should be noted that these calculations of 

satisfy all water users and consumers, i.e. there would arise 
a need to store water in for example a reservoir. Depending 
on the minimum, average and maximum water use at 95% 
exceedance probability, the volume of water that would 
need to be reserved to satisfy all water users and consum-
ers, can vary widely from 632 million m3 to 5355 million 

Fig.  11  Intra-annual distribution of water supplied to or consumed 
by different actors, taking into account scenarios with different water 
inflow (m3/s) into the Kakhovka reservoir for years with 50, 75, and 

95% exceedance probability and taking into account the need to main-
tain aquatic ecosystems south of the reservoir

 

Fig. 10  Intra-annual distribu-
tion of water inflow (m.3/s) to 
the Kakhovka reservoir for years 
taking into account scenarios with 
different levels of water avail-
ability in and different needs from 
the reservoir, and the need to 
support aquatic ecosystems south 
of the reservoir (i.e. south of the 
Kakhovka HPP)
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in an extremely low flow period, the daily minimum natural 
water flow of the Dnipro can decrease by up to 200–300 
m3/s (Tomiltseva et al. 2017). At particular and short-term 
points in time, this can increase the area of ​​the daily water 
deficit, which we would not necessarily see when looking at 
monthly averages (as in Figs. 10 and 11).

In the pre-war period, water deficits in the Dnipro were 
covered by the main flow regulator of the Dnipro Cascade—
the Kremenchuk reservoir, and by the flow compensator—
the Kakhovka reservoir. The capacity of the Kremenchuk 
reservoir to cover the deficit of the Kakhovka reservoir was 
200–210 m3/s. This deficit can be covered by the Kakhovka 
reservoir, but in this case the water level in it will decrease 
by 1  cm. The dispatch schedules of the Kakhovka and 
Kremenchuk reservoirs were considered together, and the 
work of these reservoirs, especially in low-water years, was 
focused on ensuring the necessary water extractions and 
water levels for different water users and consumers, also 
taking into account the ecological flow requirements of the 
sites of the four HPPs. However, in the event of extremely 
low water levels, the priority of ensuring water provision 
to the population and for irrigation could necessitate allow-
ing the flow of water in the lower Dnipro to fall below the 
ecological threshold values that we indicated above. This is 
according to the decision of the Interdepartmental Commis-
sion on Harmonizing the Modes of Operation of the Dnipro 
and Dniester reservoirs under the State Water Agency. Thus, 
in 2015, for several months, water flow was allowed to go 
down to 300 m3/s (Tomiltseva et al. 2017), i.e. under the 500 
m3/s threshold value for ecological flows. However, under 
conditions of water deficit, first priority should be assigned 
to drinking and domestic water supply for the population, 
followed by the maintenance of ecological flows required 
to sustain riverine, deltaic, and coastal ecosystems. Other 
water uses, including irrigation and hydropower generation, 
are subordinate to these priorities and may be substantially 
constrained during low-flow periods.

It should be noted that the impact of climate change on the 
state of water bodies (especially non-flowing ones) should 
be taken into account when estimating natural water quan-
tity, timing, duration, and fluctuation of inflow. Manifesta-
tions of climate change in the southern regions of Ukraine 
have their own characteristics (Karamushka et al. 2022), and 
the impact of climate drivers’ impact on water bodies can 
be significant (Boychenko et al. 2022; Kuchma and  Boy-
chenko 2022; Romashchenko et al. 2025). Thus, according 
to various climate scenarios, the Dnipro will see a moderate 
decrease in river flow by 18–24%, with the exception of the 
period from January to March, when a slight increase of up 
to 7% is possible (Didovets et al. 2020).

2. Guaranteed water level—requirements for the highest 
possible minimum water level for the proper operation of 

the required volume of water do not include water losses, 
such as evaporation or one-way filtration, and we do not 
take into account restrictions on use that would arise from 
for example the water intakes now being far above the water 
level (see Fig. 9).

Figures  10 and 11 illustrate the relationship between 
available river discharge and aggregated water demands 
under different hydrological conditions. Each inflow curve 
represents a specific discharge exceedance probability 
(50%, 75%, and 95%), defining the upper limit of water 
availability in a given month. Water demand curves repre-
sent minimum, average, and maximum pre-war water use, 
including domestic, industrial, irrigation, and required eco-
logical flows. Water deficit zones occur in months where 
total water demand exceeds available river discharge, i.e. 
where demand curves are located above inflow curves. The 
vertical distance between these curves represents the instan-
taneous flow deficit (m3/s), which, in the absence of reservoir 
storage, cannot be compensated. Deficits are most pro-
nounced during the summer–autumn low-flow period, when 
natural discharge is minimal while irrigation demand and 
ecological flow requirements remain high. Under pre-war 
conditions, such seasonal deficits were offset by regulation 
from the Kakhovka and upstream reservoirs; under current 
conditions, these deficits directly translate into unavoidable 
trade-offs between water uses and consumptions.

Discussion

Given the above, it is important to consider three aspects 
when assessing the needs of water users and consumers for 
water from the Kakhovka reservoir.

1. Water use in the channel of the lower Dnipro (down-
stream from the dam) meeting the needs of water users and 
consumers in the region. When analyzing water needs, we 
used the monthly interval of actual water use for the pos-
sibility of comparing it with the water management balance. 
Depending on the scenarios of water use and water runoff of 
the year, water shortages of various magnitudes occur. With 
average volumes of water use to meet regulatory require-
ments, the water deficit in the summer-autumn period can 
reach up to 286 m3/s, (the difference between the yellow 
line and water consumption in July–August as shown in 
Fig.  11 b) with maximum volumes—up to 577 m3/s (the 
difference between the red line and max water consump-
tion in in July–August as shown above in Fig.  11 c). If 
we consider a different time interval, for example daily, 
the instantaneous maximum extraction of intake water for 
irrigation can increase by 20–25% compared to the maxi-
mum monthly value, which for example happened in 2017 
(Khokhlova & Lukashov 2018; Honcharuk 2018). However, 
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Conclusion

Many different sectors of the economy and society in 
southern Ukraine consumed or required varying but still 
large amounts of water. The very large storage capacity of 
the Kakhovka reservoir was a necessary condition for the 
regular use of water on the part of these actors. The Kak-
hovka reservoir can be considered critical infrastructure on 
which all water users and consumers in southern Ukraine 
depended on – in one way or another. In the absence of the 
Kakhovka reservoir, the flow rate in what is now the main 
channel of the Dnipro River south of the Dnipro HPP that 
is needed to meet pre-war levels of water use in the sum-
mer period would, depending on the scenario, have to be 
in a range from 649 to 1100 m3/s (i.e. minimum and maxi-
mum water use in the summer according to the Fig. 11, a 
and c). Achieving such a flow-rate in low-water years is no 
longer possible. Assuming that post-war water consumption 
approximates pre-war use, Ukraine faces a very stark and 
unpleasant choice in low-water years: it can either divert 
water to consumers, such as farms and industrial concerns 
and cities, and let aquatic ecosystems in the southern Dni-
pro River and estuary deteriorate, or it can curtail water 
for the various water consumers, to preserve the quality of 
aquatic ecosystems in the lower Dnipro River and estuary. 
Under conditions of water deficit, first priority is assigned 
to drinking and domestic water supply for the population, 
followed by the maintenance of ecological flows required 
to sustain riverine, deltaic, and coastal ecosystems. Other 
water uses, including irrigation and hydropower generation, 
are subordinate to these priorities and may be substantially 
constrained during low-flow periods.

As noted above—where we described the only compara-
ble instance of such a large dam failing, the Banquaio event 
in China in 1976—even if a decision is made to reconstruct 
the dam, it can take many years before such a dam is in 
place (not even taking into account that the zone is still an 
active front in an ongoing war). It is clear that for the short 
to medium term, all water planning for the Kakhovka res-
ervoir region has to proceed from the assumption that there 
is no dam and reservoir to balance the needs of the vari-
ous water consumers with the importance of maintaining 
ecological functions of the lower Dnipro River and estuary. 
This article does not propose operational water manage-
ment methodologies, but establishes the hydrological lim-
its, demand structure, and ecological thresholds that must be 
taken into account in any subsequent planning or real-time 
management framework.

No doubts that the amount and availability of water will 
be one of the main limiting factors in the future develop-
ment of southern Ukraine. Aside from the important issue 
of water availability there is a separate issue concerning 

various water intakes and other water structures of various 
industries in the pre-war period. In addition to the speci-
fied levels within the drained Kakhovka reservoir (Fig. 9), 
maintaining guaranteed water levels may become acute for 
other reservoirs, especially for the Kremenchuk reservoir 
as the main flow regulator, which has its own requirements 
for maintaining water levels for its own water intakes. In 
addition, from the point of view of ecosystem functioning, 
the Kremenchuk reservoir is quite sensitive to intensive 
summer operation (Timchenko 2006), which unfortunately 
might now be necessary due to the dewatering of the Kak-
hovka reservoir. Substantial draining of its shallow water 
areas will cause intensification of oxidative processes and 
deterioration of water quality in the Kremenchuk reservoir.

Another aspect for guaranteeing water supply will be the 
maintenance of stable levels in the tailwater of the Dnipro 
HPP, i.e. the part of the Kakhovka reservoir bordering on 
the Dnipro HPP, for water intakes and fisheries during the 
spawning period. In the river sections, the release waves 
have more pronounced parameters and can spread over 
fairly significant distances, which will lead to greater daily 
fluctuations of water levels, compared to the backwater. In 
part, this problem can be solved with the help of a cofferdam 
(Timchenko et al. 2000).

It should be noted that the Kakhovka reservoir in the 
summer-autumn period was limited in operation to a level 
of 15.3 m above the Baltic Sea level (Yatsyk et al. 2003), 
since maintaining this level is necessary for the operation of 
the North Crimean Canal. At the same time, there are other 
estimates of the limit parameters in the literature (Baksheev 
2008).

It is important to keep in mind that the entire cascade of 
dams on the Dnipro River works as one system, meaning 
that significant perturbations to one part of that system—in 
our case the lowest reservoir (Kakhovka)—have significant 
upstream consequences that impact water users and con-
sumers throughout Ukraine.

3. Guaranteed volume of water to ensure instantaneous 
consumption in various scenarios of actual water use and 
minimum water level limits for hydraulic structures of vari-
ous industries. This characteristic requires more informa-
tion on projected water needs and water level of reservoir 
at which unrestricted water needs will be met. In addition, 
when determining the volume of the reservoir, it is neces-
sary to estimate the loss (evaporation and filtration of water) 
depending on the climatic characteristics, the area of ​​the 
reservoir and the characteristics of the underlying soils in 
terms of water absorption (saturation).

1 3

  122   Page 14 of 17



Applied Water Science          (2026) 16:122 

Ethical approval  We declare herein that our paper is original and un-
published elsewhere. This manuscript complies to the Ethical Rules 
applicable for this journal.

Consent to participate  All of the authors consent to participate in this 
research work.

Consent for publication  All of the authors consent to publish this 
work.

Open Access   This article is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License, 
which permits any non-commercial use, sharing, distribution and 
reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if you modified the licensed 
material. You do not have permission under this licence to share 
adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Cre-
ative Commons licence, unless indicated otherwise in a credit line to 
the material. If material is not included in the article’s Creative Com-
mons licence and your intended use is not permitted by statutory regu-
lation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this licence, visit ​
h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​r​g​​/​l​i​​c​e​n​​s​e​s​/​​b​y​​-​n​c​-​n​d​/​4​.​0​/.

References

Afanasiev SO (2023) [About the ecological consequences of the 
destruction of the Kakhovskaya HPP dam]. Dopov Nats Akad 
Nauk Ukr 11:71–80. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​4​0​​7​/​v​​i​s​n​2​0​2​3​.​1​1​.​0​7​1

Alcaraz C, Zeadally S (2015) Critical infrastructure protection: 
requirements and challenges for the 21st century. Int J Crit Infra-
struct Prot 8:53–66. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​i​j​c​i​p​.​2​0​1​4​.​1​2​.​0​0​2

Baksheev EA (2008). Dnipro reservoirs and their economic effect: 
memories and reflections of a designer. K.: Dovira. pp. 159

Bellmore JR, Duda JJ, Craig LS, Greene SL, Torgersen CE, Collins 
MJ, Vittum K (2017) Status and trends of dam removal research 
in the United States. Wires Water 4(2):e1164. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
1​​0​0​2​​/​w​a​​t​2​.​1​1​6​4

Bellmore JR, Pess GR, Duda JJ, O’Connor JE, East AE, Foley MM, 
Wilcox AC, Major JJ, Shafroth PB, Morley SA, Magirl CS, 
Anderson CW, Evans JE, Torgersen CE, Craig LS (2019) Con-
ceptualizing ecological responses to dam removal: if you remove 
it, what’s to come? Bioscience 69(1):26–39. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​9​3​​/​b​i​​o​s​c​i​/​b​i​y​1​5​2

Bosak MP, Gvozdetskyi OG (2015) Taking into account the inertia and 
ejection of the flow in the calculations of the tubular-slit water 
intake. Problems of Water Supply, Drainage and Hydraulics 
25:43–51. (Accessed 15 April 2024) ​h​t​t​p​​s​:​/​​/​l​i​b​​r​a​​r​y​.​​k​n​u​b​​a​.​e​​d​u​.​​u​a​/​​
b​o​o​​k​s​/​z​​b​i​​r​n​i​k​i​/​1​7​/​2​0​1​5​2​5​.​p​d​f

Boychenko S, Kuchma T, Khlobystov IV (2022) Changes in the water 
surface area of reservoirs of the Crimean Peninsula and artificial 
increases in precipitation as one of the possible solutions to water 
shortages. Sustainability 14:9995. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​s​u​​1​4​1​
6​9​9​9​5​/

Buzevych IYu. et al. (2015). Report on the research work “Ecological 
assessment of the impact on ichthyofauna and determination of 
losses to the fishery from the construction and operation of the 
Kakhovka HPP-2”. Institute of Fisheries of the National Acad-
emy of Sciences, pp. 46

Cabinet of Ministers of Ukraine [CMU] (2023) On the implementa-
tion of the experimental project "Construction of the Kakhovka 

the possibility of reconstruction in general, and more spe-
cifically, the reconstruction of hydroengineering structures 
at certain water level marks. As it was described above 
all water intake structures, which were used to deliver the 
water from the Kakhovka reservoir to the various water 
consumers, were built assuming the presence of a reservoir. 
The baseline information on water needs, the possibility of 
reconstruction of water intake structures, as well as the com-
prehensive approach to the analysis of water resources pro-
vision in the south of Ukraine proposed in this article, can 
serve as a basis for specialized water management calcula-
tions in the future. Determining the feasibility or impracti-
cability of restoring the reservoir(s), and decisions on the 
optimal volume and operational level should also take into 
account climatic changes, water transformation, hydrologi-
cal characteristics and all losses depending on hydro mor-
phometric parameters.

The question regarding the future of the reservoir and 
dam remains open at least till the deoccupation of the 
southern Ukraine. It is unclear when it can take place, how-
ever, the decision to restore (completely or partially) or to 
refuse the dam and reservoir restoration will obviously be 
made taking into account the results of the assessment of 
the situation that will be formed at that time, and certainly 
taking into account the water needs of key water users and 
consumers in the region. While the question of restoring 
hydraulic structures under specific water level conditions 
remains open, the integrated assessment of water demand, 
hydrological availability, ecological constraints, and institu-
tional priorities presented here provide a necessary basis for 
future, site-specific water management and infrastructure 
reconstruction studies.

Acknowledgements  The authors thank our colleagues at the Swedish 
University of Agricultural Sciences (Uppsala, Sweden) for their valu-
able discussions and advice during the writing process.

Author contributions  K.M., K.V., H.O. designed the study. K.M., H.O. 
collected the information on the water balances; K.V., K.B. collected 
the information on the Kakhovka reservoir functions and restoration 
scenarios. H.O. and K.V. produced figures presented in the manuscript. 
K.M. and H.O. wrote initial draft paper in Ukrainian.

Funding  This research was partly supported by the project “RE-
TURN” (Restoring Environments in Ukraine) (grant decision from the 
Swedish Institute, 01121/2022, “Beslut om projektstöd för akademiskt 
samarbete i Östersjöregionen”).

Data availability  The data that support the findings of this study 
are available from the corresponding author, Viktor Karamushka 
(vkarama2011@gmail.com), upon reasonable request.

Declarations

Conflict of interest  The authors report there are no potential conflict 
of interest to declare.

1 3

Page 15 of 17    122 

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.15407/visn2023.11.071
https://doi.org/10.1016/j.ijcip.2014.12.002
https://doi.org/10.1002/wat2.1164
https://doi.org/10.1002/wat2.1164
https://doi.org/10.1093/biosci/biy152
https://doi.org/10.1093/biosci/biy152
https://library.knuba.edu.ua/books/zbirniki/17/201525.pdf
https://library.knuba.edu.ua/books/zbirniki/17/201525.pdf
https://doi.org/10.3390/su14169995/
https://doi.org/10.3390/su14169995/


Applied Water Science          (2026) 16:122 

Koryagina OS (2015) Determination of incoming components of the 
water balance of the Kakhovka Reservoir. Ukr Hydrometeorol J 
16:209–214. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​1​4​8​​1​/​u​​h​m​j​.​1​6​.​2​0​1​5​.​2​8

Kuchma T, Boychenko S (2022) Change in the water surface area of 
reservoir of the Crimean Peninsula according to Radar Satellite 
data Sentinel–1 for the period from October 2014 to August 2022. 
Monit Geol Process Ecol Cond Environ 1:1–5. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
3​​9​9​7​​/​2​2​​1​4​-​4​6​0​9​.​2​0​2​2​5​8​0​1​9​0

Kuns B (2018) “In these complicated times”: An environmental his-
tory of irrigated agriculture in post-communist Ukraine. Water 
Altern 11(3):866–892

Kyiv School of Economics [KSE] (2023) The total amount of direct 
damage to Ukraine’s infrastructure caused due to the war as of 
June 2023 exceeded $150 billion. ​h​t​t​p​​s​:​/​​/​k​s​e​​.​u​​a​/​a​​b​o​u​t​​-​t​h​​e​-​s​​c​h​o​​o​l​
/​​n​e​w​s​​/​t​​h​e​-​​t​o​t​a​​l​-​a​​m​o​u​​n​t​-​​o​f​-​​d​i​r​e​​c​t​​-​d​a​​m​a​g​e​​-​t​o​​-​u​k​​r​a​i​​n​e​-​​s​-​i​n​​f​r​​a​s​t​​r​u​c​
t​​u​r​e​​-​c​a​​u​s​e​​d​-​d​​u​e​-​t​​o​-​​t​h​e​​-​w​a​r​​-​a​s​​-​o​f​​-​j​u​n​e​-​2​0​2​3​-​e​x​c​e​e​d​e​d​-​1​5​0​-​b​i​l​l​i​o​
n​/. Accessed 15 April 2024

Latrubesse EM, Park E, Sieh K, Dang T, Lin YN, Yun S-H (2020) Dam 
failure and a catastrophic flood in the Mekong Basin (Bolaven 
Plateau), southern Laos. 2018. Geomorphology 362:107221. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​g​e​o​​m​o​r​​p​h​.​2​​0​2​​0​.​1​0​7​2​2​1

Lejon AGC, Renöfält BM, Nilsson C (2009) Conflicts associated with 
dam removal in Sweden. Ecol Soc 14 (2). ​h​t​t​p​​s​:​/​​/​w​w​w​​.​j​​s​t​o​​r​.​o​r​​g​/​
s​​t​a​b​​l​e​/​2​6​2​6​8​3​2​2

Magilligan FJ, Sneddon CS, Fox CA (2017) The social, historical, 
and institutional contingencies of dam removal. Environ Manage 
59:982–994. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​0​​0​2​6​7​-​0​1​7​-​0​8​3​5​-​2

Minicheva GG, Bondarenko OS, Bogatova YuI, Bolshakov VM, Bush-
uiev SG, Garkusha OP, Dyatlov SYe, Kalashnik ES, Koshelev 
OV, Kudrenko SA, Kulakova II, Marinets AV, Migas RV, Mar-
tynyuk MO, Nikonova SYe, Rybalko OA, Synyogub IO, Sokolov 
YeV, Stadnichenko SV, Khutornoi SO, Vinogradov OK, Kvach 
YuV, Demchenko VO, Son MO (2023) Reaction of the marine 
ecosystem to the consequences of destruction of the Kakhovka 
Reservoir dam. Mar Ecol J 1–2:52–68. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​4​​7​1​4​​3​
/​1​​6​8​4​​-​1​5​​5​7​/​2​​0​2​​3​.​1​-​2​.​6

Ministry of Environmental Protection and Natural Resources of 
Ukraine [MEPNRU] (2017). On Approval of the Procedure for 
Developing Water Management Balances. Order No. 26 dated 
26.02.2017. Accessed 05 March 2026 ​h​t​t​p​​s​:​/​​/​z​a​k​​o​n​​.​r​a​​d​a​.​g​​o​v​.​​u​a​
/​​l​a​w​​s​/​s​​h​o​w​/​​z​0​​2​3​2​-​1​7​#​T​e​x​t 

Ministry of Environmental Protection and Natural Resources of 
Ukraine [MEPNRU] (2022). On approval of the rules for the 
operation of reservoirs of the dnipro cascade. Order No. 210 
dated 27.05.2022. ​h​t​t​p​​s​:​/​​/​z​a​k​​o​n​​.​r​a​​d​a​.​g​​o​v​.​​u​a​/​​l​a​w​​s​/​s​​h​o​w​/​​z​0​​7​0​4​-​2​
2​#​T​e​x​t. Accessed 15 April 2024

National Academy of Sciences of Ukraine [NASU] (2023) About 
the activity of the working group of the National Academy of 
Sciences of Ukraine on the analysis of the consequences of the 
destruction of the Kakhovka HPP dam. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​n​​a​s​.​​g​o​v​.​​
u​a​/​​U​A​/​​M​e​s​​s​a​g​​e​s​/​N​​e​w​​s​/​P​​a​g​e​s​​/​V​i​​e​w​.​​a​s​p​x​?​M​e​s​s​a​g​e​I​D​=​1​0​2​9​9. 
Accessed 15 April 2024

Non-technical summary (2016) Materials on the justification of the 
safety of the extension of the operation period of power units 
No. 3, 4 of the Zaporizhzhia Nuclear Power Plant VP beyond the 
design period. pp. 46 

Obukhov EV (2017). Evaluation of the integrated use of water 
resources of the Kakhovka reservoir for 60 years of operation. 
Ekonom Ukr 1(662):31–40. ​h​t​t​​p​s​:​/​​/​n​a​​s​u​-​​p​e​r​​i​o​d​​i​c​a​l​​s​.​​o​r​g​.​u​a​/​i​n​d​e​x​
.​p​h​p​/​e​c​o​n​o​m​y​u​k​r​/​a​r​t​i​c​l​e​/​v​i​e​w​/​2​0​1​7​-​0​1​-​2​​​

O’Connor JE, Duda JJ, Grant GE (2015) 1000 dams down and count-
ing. Science 348(6234):496–497. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​2​6​​/​s​c​​i​e​n​c​e​
.​a​a​a​9​2​0​4

Oksiyuk OP, Timchenko VM et al. (1997) Management of the state of 
the ecosystem and water quality in the Dnipro estuary. Part 2. K.: 
Institute of Hydrobiology, pp. 48

hydroelectric station on the Dnipro River. Reconstruction after 
the destruction of the Kakhovka HPP and ensuring stable opera-
tion of the Dnipro HPP during the reconstruction period. Decree 
of July 18, No. 730. ​h​t​t​p​​s​:​/​​/​z​a​k​​o​n​​.​r​a​​d​a​.​g​​o​v​.​​u​a​/​​l​a​w​​s​/​s​​h​o​w​/​​7​3​​0​-​2​0​
2​3​-​%​D​0​%​B​F​#​T​e​x​t. Accessed 15 April 2024 

Center for Economic Strategy [CES] (2023) Economic consequences 
of the destruction of the dam at the Kakhovka. ​h​t​t​p​​s​:​/​​/​c​e​s​​.​o​​r​g​.​​u​a​/​e​​
k​o​n​​o​m​i​​c​h​n​​i​-​n​​a​s​l​i​​d​k​​i​-​r​​u​j​n​u​​v​a​n​​n​y​a​​-​k​a​​h​o​v​​s​k​o​%​​D​1​​%​9​7​-​g​e​s​/HPP. 
Accessed 15 April 2024 

Darji K, Patel D, Prakash I, Altuwaijri HA (2024) Hydrodynamic mod-
elling of dam breach floods for predicting downstream inundation 
scenarios using integrated approach of satellite data, unmanned 
aerial vehicles (UAVs), and Google Earth Engine (GEE). Appl 
Water Sci 14:187. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​3​2​0​1​-​0​2​4​-​0​2​2​5​3​-​9

Didovets I, Krysanova V, Hattermann FF, López MDRR, Snizhko S, 
Müller SH (2020) Climate change impact on water availability of 
main river basins in Ukraine. J Hydrol Reg Stud 32:100761. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​e​j​r​h​.​2​0​2​0​.​1​0​0​7​6​1

Dubnyak S et al. (2018) Report on the research work “Construction 
of Kakhovka HPP-2 (within the administrative boundaries of 
Kozatsk settlement and Veselevsk councils of Berislav district, 
Kherson region). New construction. Forecast of the construction 
and operation of the Kakhovka HPP-2 on the water ecosystems 
of the Kakhovka reservoir and the lower reaches of the Dnipro 
River”. Institute of Hydrobiology of the National Academy of 
Sciences of Ukraine. pp. 148

Foley MM, Bellmore JR, O’Connor JE, Duda JJ, East AE, Grant GE, 
Anderson CW, Bountry JA, Collins MJ, Connolly PJ, Craig LS, 
Evans JE, Greene SL, Magilligan FJ, Magirl CS, Major JJ, Pess 
GR, Randle TJ, Shafroth PB, Torgersen CE, Tullos D, Wilcox AC 
(2017) Dam removal: listening in. Water Resour Res 53(7):5229–
5246. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​2​0​​1​7​W​R​0​2​0​4​5​7

Glanz J, Santora M, Robles P, Willis H, Leatherby L, Koettl C, Khavin 
D (2023) Why the evidence suggests Russia blew up the Kak-
hovka dam. The New York Times. ​h​t​t​p​​s​:​/​​/​w​w​w​​.​n​​y​t​i​​m​e​s​.​​c​o​m​​/​i​n​​t​e​
r​​a​c​t​​i​v​e​/​​2​0​​2​3​/​​0​6​/​1​​6​/​w​​o​r​l​​d​/​e​​u​r​o​​p​e​/​u​​k​r​​a​i​n​​e​-​k​a​​k​h​o​​v​k​a​​-​d​a​m​-​c​o​l​l​a​p​s​
e​.​h​t​m​l. Accessed 5 Nov 2024

Gleick PH (2019) Water as a weapon and casualty of conflict: freshwa-
ter and International Humanitarian Law. Water Resour Manage 
33(5):1737–1751. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​2​6​9​-​0​1​9​-​0​2​2​1​2​-​z

Gruzinska I, Smagina A, Zhygadlo V, Perepelytsia O (2020) Irrigation 
and drainage. Green book, Kyiv, pp 127

Han X, Boota MW, Soomro S-e-H, Ali S, Soomro SGH, Soomro N-E-
H, Soomro MHA​, Soomro AR, Batool S, Bai Y, Shi X, Guo J, 
Li Y, Hu C, Tayyab M (2024) Water strategies and management: 
current paths to sustainable water use. Appl Water Sci 14:154. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​3​2​0​1​-​0​2​4​-​0​2​2​1​4​-​2

Hapich H, Novitskyi R, Onopriienko D, Dubov T (2024) Water on fire: 
losses and the post-war future of ecosystem services from water 
resources of Ukraine. Reg Environ Change 24:154. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​1​​0​0​7​​/​s​1​​0​1​1​3​-​0​2​4​-​0​2​3​2​0​-​6

Hapich H, Onopriienko D (2024) Ecology and economics of irrigation 
in the south of Ukraine following destruction of the Kakhovka 
reservoir. Int Journal Env Studies 81(1):1–14. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​8​0​​/​0​0​​2​0​7​​2​3​3​​.​2​0​2​​4​.​​2​3​1​4​8​5​9

Honcharuk IL (2018) [Parametric reliability of the mainland section of 
the North Crimean Canal]. Land Reclamation and Water Manage-
ment 1(107):55–58. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​1​0​7​​3​/​m​​i​v​g​2​0​1​8​0​1​-​1​1​3​.

Karamushka V, Boychenko S, Kuchma T, Zabarna O (2022) Trends in 
the environmental conditions, climate change and human health 
in the Southern Region of Ukraine. Sustainability 14:5664. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​s​u​​1​4​0​9​5​6​6​4

Khokhlova L, Lukashov D (2018) Water quality in the main canal 
of the Kakhovka irrigation system. Bulletin of the Kyiv Taras 
Shevchenko National University Geography 4(73):24–29

1 3

  122   Page 16 of 17

https://doi.org/10.31481/uhmj.16.2015.28
https://doi.org/10.3997/2214-4609.2022580190
https://doi.org/10.3997/2214-4609.2022580190
https://kse.ua/about-the-school/news/the-total-amount-of-direct-damage-to-ukraine-s-infrastructure-caused-due-to-the-war-as-of-june-2023-exceeded-150-billion/
https://kse.ua/about-the-school/news/the-total-amount-of-direct-damage-to-ukraine-s-infrastructure-caused-due-to-the-war-as-of-june-2023-exceeded-150-billion/
https://kse.ua/about-the-school/news/the-total-amount-of-direct-damage-to-ukraine-s-infrastructure-caused-due-to-the-war-as-of-june-2023-exceeded-150-billion/
https://kse.ua/about-the-school/news/the-total-amount-of-direct-damage-to-ukraine-s-infrastructure-caused-due-to-the-war-as-of-june-2023-exceeded-150-billion/
https://doi.org/10.1016/j.geomorph.2020.107221
https://doi.org/10.1016/j.geomorph.2020.107221
https://www.jstor.org/stable/26268322
https://www.jstor.org/stable/26268322
https://doi.org/10.1007/s00267-017-0835-2
https://doi.org/10.47143/1684-1557/2023.1-2.6
https://doi.org/10.47143/1684-1557/2023.1-2.6
https://zakon.rada.gov.ua/laws/show/z0232-17#Text
https://zakon.rada.gov.ua/laws/show/z0232-17#Text
https://zakon.rada.gov.ua/laws/show/z0704-22#Text
https://zakon.rada.gov.ua/laws/show/z0704-22#Text
https://www.nas.gov.ua/UA/Messages/News/Pages/View.aspx?MessageID=10299
https://www.nas.gov.ua/UA/Messages/News/Pages/View.aspx?MessageID=10299
https://nasu-periodicals.org.ua/index.php/economyukr/article/view/2017-01-2
https://nasu-periodicals.org.ua/index.php/economyukr/article/view/2017-01-2
https://doi.org/10.1126/science.aaa9204
https://doi.org/10.1126/science.aaa9204
https://zakon.rada.gov.ua/laws/show/730-2023-%D0%BF#Text
https://zakon.rada.gov.ua/laws/show/730-2023-%D0%BF#Text
https://ces.org.ua/ekonomichni-naslidki-rujnuvannya-kahovsko%D1%97-ges/
https://ces.org.ua/ekonomichni-naslidki-rujnuvannya-kahovsko%D1%97-ges/
https://doi.org/10.1007/s13201-024-02253-9
https://doi.org/10.1016/j.ejrh.2020.100761
https://doi.org/10.1016/j.ejrh.2020.100761
https://doi.org/10.1002/2017WR020457
https://www.nytimes.com/interactive/2023/06/16/world/europe/ukraine-kakhovka-dam-collapse.html
https://www.nytimes.com/interactive/2023/06/16/world/europe/ukraine-kakhovka-dam-collapse.html
https://www.nytimes.com/interactive/2023/06/16/world/europe/ukraine-kakhovka-dam-collapse.html
https://doi.org/10.1007/s11269-019-02212-z
https://doi.org/10.1007/s13201-024-02214-2
https://doi.org/10.1007/s13201-024-02214-2
https://doi.org/10.1007/s10113-024-02320-6
https://doi.org/10.1007/s10113-024-02320-6
https://doi.org/10.1080/00207233.2024.2314859
https://doi.org/10.1080/00207233.2024.2314859
https://doi.org/10.31073/mivg201801-113.
https://doi.org/10.3390/su14095664
https://doi.org/10.3390/su14095664


Applied Water Science          (2026) 16:122 

Tuchkovenko YS, Stepanenko SM (2023) The impact of destruction of 
the Kakhovka dam on the environmental status of the Odesa area 
of the Black Sea. Probl Vodopostach Kanaliz Hidravl 44:71–80. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​2​3​4​​7​/​2​​5​2​4​​-​0​0​​2​1​.​2​​0​2​​3​.​4​4​.​7​1​-​8​0

Tullos DD, Collins MJ, Bellmore JR, Bountry JA, Connolly PJ, 
Shafroth PB, Wilcox AC (2016) Synthesis of common manage-
ment concerns associated with dam removal. JAWRA J Am Water 
Resour Assoc 52(5):1179–1206. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​1​7​​5​2​-​1​6​
8​8​.​1​2​4​5​0

United Nations Environmental Program [UNEP] (2023) Rapid Envi-
ronmental Assessment of Kakhovka Dam Breach; Ukraine, 2023. 
Nairobi, Kenya. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​5​​9​1​1​​7​/​2​​0​.​5​0​0​.​1​1​8​2​2​/​4​3​6​9​6

UN Ukraine (2023). Post-disaster needs assessment. Kakhovka 
Dam Disaster, Ukraine. Government of Ukraine and the United 
Nations. October 2023, pp. 102. ​h​t​t​p​​s​:​/​​/​u​k​r​​a​i​​n​e​.​​u​n​.​o​​r​g​/​​e​n​/​​2​4​8​​8​6​
0​​-​p​o​s​​t​-​​d​i​s​​a​s​t​e​​r​-​n​​e​e​d​​s​-​a​​s​s​e​​s​s​m​e​​n​t​​-​r​e​​p​o​r​t​​-​k​a​​k​h​o​​v​k​a​-​d​a​m​-​d​i​s​a​s​t​e​r. 
Accessed 15 April 2024

Van der Vleuten E, Högselius P, Hommels A, Kaijser A (2013) 
Europe’s critical infrastructure and its vulnerabilities – promises, 
problems, paradoxes. In: Högselius P, Hommels A, Kaijser A, van 
der Vleuten E (eds) The making of Europe’s critical infrastruc-
ture: common connections and shared vulnerabilities. Palgrave 
Macmillan, UK, pp 3–19

Vasyliuk O, Parkhomenko V, Moisiyenko I, Shapoval V, Panchenko C, 
Spriahaylo O (2023) Why the great meadow should be revived? 
Ukrainian Nature Conservation Group. ​h​t​t​p​​s​:​/​​/​u​n​c​​g​.​​o​r​g​​.​u​a​/​​c​h​o​​m​
u​-​​s​l​i​​d​-​v​​i​d​r​o​​d​y​​t​y​-​v​e​l​y​k​y​j​-​l​u​g​/. Accessed 15 April 2024

Vyshnevskyi VI, Stashuk VA, Sakevich AM (2011) Water manage-
ment complex in the Dnipro basin. Interpress LTD, p 188

Vyshnevskyi V, Shevchuk S, Komorin V, Oleynik Y, Gleick P (2023) 
The destruction of the Kakhovka dam and its consequences. 
Water Int 48(5):631–647. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​2​​5​0​8​​0​6​0​​.​2​0​2​​
3​.​​2​2​4​7​6​7​9

Yatsyk AV et al (2003) Rules for the operation of reservoirs of the 
Dnipro Cascade. Genesis, p 176

Zhang L, Peng M, Chang D, X Yu (2016) Dam failure mechanisms 
and risk assessment. John Wiley & Sons. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​1​0​​​0​
2​/​​9​7​8​1​1​1​8​5​5​8​5​2​2

Publisher's Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Qing D, Thibodeau JG, Williams MR, Dai Q, Yi M, Topping AR 
(2016) The River Dragon Has Come! Three Gorges Dam and the 
Fate of China’s Yangtze River and Its People Routledge. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​4​​3​2​4​​/​9​7​​8​1​3​1​5​5​0​2​7​7​9

Romashchenko M, Faybishenko B, Onopriienko D, Hapich H, 
Novitskyi R, Dent D, Saidak R, Usatyi S, Roubik H (2025) Pros-
pects for restoration of Ukraine’s irrigation system. Water Int 
50(2):104–120. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​2​​5​0​8​​0​6​0​​.​2​0​2​​5​.​​2​4​7​2​7​1​8

Roulo D, Pichuka S (2024) Assessing the effects of extreme rainfall 
patterns and their impact on dam safety: A case study on Indian 
dam failures. Nat Hazards 120:12967–12987. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​0​7​​/​s​1​​1​0​6​9​-​0​2​4​-​0​6​7​2​0​-​z

State Agency of Water Resources of Ukraine [SAWRU] (2019) Water 
management balances of the main areas of river basins. ​h​t​t​p​​s​:​/​​/​
d​a​v​​r​.​​g​o​v​​.​u​a​/​​v​o​d​​o​g​o​​s​p​o​​d​a​r​​s​k​i​-​​b​a​​l​a​n​​s​i​-​o​​s​n​o​​v​n​i​​h​-​r​​a​j​o​​n​i​v​-​​r​i​​c​h​k​o​v​i​
h​-​b​a​s​e​j​n​i​v

State Water Cadaster (2022) Annual data on the mode and resources of 
land surface water–Part 2. Lakes and reservoirs, Volume 2. Issue 
2. Dnipro Basin.

Stone R (2024) Ukrainian scientists tallying the grave environ-
mental consequences of the Kakhovka Dam disaster. Science 
383(6678):18–23. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​2​6​​/​s​c​​i​e​n​c​e​.​z​b​d​e​4​9​6

Timchenko VM (2006) Ecological hydrology of reservoirs of Ukraine. 
K.: Naukova Dumka. pp. 383

Timchenko V, Oksiyuk O, Gore J (2000) A model for ecosystem state 
and water quality management in the Dnieper River delta. Ecol 
Eng 16(1):119–125. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​9​2​5​-​8​5​7​4​(​0​0​)​0​0​0​
9​6​-​3

Tomiltseva AI, Yatsyk AV, Mokin VB et al. (2017) Ecological basics 
of water resources management. Manual. K.: Institute of Environ-
mental Management and Sustainable Nature Resources Use, pp. 
200. ​h​t​t​p​​s​:​/​​/​i​e​m​​.​o​​r​g​.​​u​a​/​i​​m​a​g​​e​s​/​​l​i​b​r​e​r​y​/​4​.​p​d​f 

Tonitto C, Riha SJ (2016) Planning and implementing small dam 
removals: Lessons learned from dam removals across the eastern 
United States. Sustain Water Resour Manag 2(4):489–507. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​4​​0​8​9​9​-​0​1​6​-​0​0​6​2​-​7

Tuchkovenko YS, Kushnir DV, Torgonskyi AV, Komorin VM (2024) 
The impact of the destruction of the Kakhovka reservoir dam on 
the oceanographic conditions in the north-western part of the 
Black Sea according to the results of modeling. Ukr Hydrometeo-
rol J 33:66–80. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​1​4​8​​1​/​u​​h​m​j​.​3​3​.​2​0​2​4​.​0​5

1 3

Page 17 of 17    122 

https://doi.org/10.32347/2524-0021.2023.44.71-80
https://doi.org/10.32347/2524-0021.2023.44.71-80
https://doi.org/10.1111/1752-1688.12450
https://doi.org/10.1111/1752-1688.12450
https://doi.org/10.59117/20.500.11822/43696
https://ukraine.un.org/en/248860-post-disaster-needs-assessment-report-kakhovka-dam-disaster
https://ukraine.un.org/en/248860-post-disaster-needs-assessment-report-kakhovka-dam-disaster
https://uncg.org.ua/chomu-slid-vidrodyty-velykyj-lug/
https://uncg.org.ua/chomu-slid-vidrodyty-velykyj-lug/
https://doi.org/10.1080/02508060.2023.2247679
https://doi.org/10.1080/02508060.2023.2247679
https://doi.org/10.1002/9781118558522
https://doi.org/10.1002/9781118558522
https://doi.org/10.4324/9781315502779
https://doi.org/10.4324/9781315502779
https://doi.org/10.1080/02508060.2025.2472718
https://doi.org/10.1007/s11069-024-06720-z
https://doi.org/10.1007/s11069-024-06720-z
https://davr.gov.ua/vodogospodarski-balansi-osnovnih-rajoniv-richkovih-basejniv
https://davr.gov.ua/vodogospodarski-balansi-osnovnih-rajoniv-richkovih-basejniv
https://davr.gov.ua/vodogospodarski-balansi-osnovnih-rajoniv-richkovih-basejniv
https://doi.org/10.1126/science.zbde496
https://doi.org/10.1016/S0925-8574(00)00096-3
https://doi.org/10.1016/S0925-8574(00)00096-3
https://iem.org.ua/images/librery/4.pdf
https://doi.org/10.1007/s40899-016-0062-7
https://doi.org/10.1007/s40899-016-0062-7
https://doi.org/10.31481/uhmj.33.2024.05

	﻿Assessment of water needs in the lower Dnipro sub-basin following the destruction of the Kakhovka reservoir
	﻿Abstract
	﻿Introduction
	﻿Background
	﻿Unplanned dam removals in an international context

	﻿Study area and methods
	﻿Results
	﻿Using and consumption of water resources from the Kakhovka reservoir in the pre-war period
	﻿Water inflow to the studied area of the Dnipro River
	﻿Meeting prospective water needs based on the current situation taking into account the water content of the Dnipro River

	﻿Discussion
	﻿Conclusion
	﻿References


