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Abstract. Small rivers in the steppe zone of Ukraine are the most vulnerable link in the hydrographic
network, reacting acutely to climate change and anthropogenic pressure. The current trend toward their
shallowing and loss of flow during the low-water period is caused by excessive regulation of river channels
by ponds and reservoirs, which transforms rivers into stagnant bodies of water. Using the Dnipropetrovsk
region as an example, it has been established that over the past 40 years, the number of ponds has increased
2,7-fold, and their total capacity has exceeded the volume of local runoff, posing a threat to the ecological
safety of aquatic ecosystems. Traditional dams block the flow after a flood, so it is essential to develop
solutions for water storage that do not disrupt the hydrological regime. The research methodology is based
on the analysis of hydrological data and engineering modeling of gravity-fed flow regulation systems using
algorithms from the QGIS geographic information system. The first proposed option involves modernizing
channel ponds by separating the river channel from the pond basin using a retaining dam and creating
a bypass channel. An open regulator is installed at the headwaters, allowing the pond to fill during periods
of high water without interrupting the transit flow at all. To improve water quality, the hydraulic structure
incorporates a rock-filled connecting structure that ensures intensive aeration and self-purification of the
flow. The second option involves creating autonomous floodplain complexes with artificial basins. This
technology allows not only for the accumulation of floodwater but also for its active discharge back into
the river channel during dry periods to maintain ecological flow. A comparative analysis confirms that the
river channel option is optimal for restoring flow in already regulated rivers, while floodplain reservoirs
are effective for sustainable water supply without interfering with the river channel. The practical
implementation of the proposed solutions was tested at a site in the Lower Tersa River basin (catchment
area of 83,1 km?). Simulation results confirmed the systems operational effectiveness: at a normal water
table (NWT) of 108,0—-108,5 m BS and during a 1 % return period design flood (water level of 109,50 m in
Baltic Normal Height System (BS), 560 thous.m® of water while fully preserving the ecological flow in the
bypass channel. The implementation of such complexes enables the principles of the EU Water Framework
Directive regarding river revitalization to be realized, ensuring a “living flow” even in low-water years
and creating conditions for the restoration of biodiversity in steppe ecosystems amid post-war recovery and
rapid climate change.

Keywords: hydraulic structure; water body, river, water engineering,; water technologies; hydrological
regime,; environmental safety

Introduction. Small rivers in the steppe zone
of Ukraine are the most vulnerable link in the
hydrographic network, being the first to respond
to anthropogenic pressure and climate change
[1,2]. Currently, there is a persistent trend toward
their shallowing, intensive siltation, and complete
loss of flow during the low-water period. One of
the key factors contributing to the degradation
of these waterways is the excessive and often
irrational regulation of their channels by ponds
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and reservoirs [3, 4]. This leads to the cessation of
natural self-purification processes, a deterioration
in water quality, and the transformation of rivers
into a cascade of ecologically unstable, stagnant
bodies of water [5, 6]. For the most part, such
water bodies lack hydraulic connectivity with
one another for a significant portion of the year.
An analysis of trends in hydraulic engineering
construction reveals the critical scale of this
problem, particularly in the arid southeastern
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regions of the country. Using the Dnipropetrovsk
Oblast as an example, it has been established
that over the past 3040 years, the number
of ponds has increased 2,7-fold—from 1,239
to 3,292 [4]. Currently, the total capacity
of the region’s artificial reservoirs exceeds
1 billion ™, while local runoff does not exceed
0,825 billion m’. This ratio poses a direct threat to
environmental safety and significantly worsens
water use conditions.

Analysis of recent studies and publica-
tions. Traditional engineering approaches based
on the construction of transverse dams have
a significant drawback: they halt the flow after
the end of the hydrological period of high water
levels, which stimulates wetland formation
and negatively affects the ecological condition
of water bodies [7]. Due to this situation,
a movement to dismantle barriers (hydraulic
structures) on rivers is gaining momentum

(75 ]

worldwide, and particularly in Europe. As
of 2025 (https://damremoval.eu/), more than
9,000 barriers (weirs, dams, locks, and obsolete
rapids) have been dismantled in Europe. Most
of the removed structures (over 65%) are small
hydraulic engineering structures several meters
high (Fig. 1). These are precisely the types of
structures most commonly found on the small
rivers of the Ukrainian Steppe, which lead
to siltation and the cessation of their flow.
According to the EU Biodiversity Recovery
Strategy, the restoration of at least 25,000 km of
free-flowing rivers is planned by 2030 [8]. It is
worth noting that as part of the implementation
of the Association Agreement with the EU
and the provisions of the Water Framework
Directive 2000/60/EC, Ukraine has committed
to achieving “good ecological status” for its
water bodies, which underscores the urgency of
addressing the aforementioned problem.

Titeno

o

Fig. 1. Interactive map of dam (barrier) removal on European rivers (source: https://damremoval.eu/)
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On the other hand, the situation has
significantly worsened as a result of full-scale
military aggression, due to which Ukraine has
lost about one-third of its available (engineered)
water reserves [9, 10]. Widespread destruction
of hydraulic infrastructure—in particular, the
catastrophic  destruction of the Kakhovka
Reservoir—has led to the destabilization of water
supply and irrigation systems across a significant
portion of the country’s southeastern regions
[11]. Under these conditions, further economic
development and the full-scale recovery of
the agricultural sector are impossible without
a fundamental overhaul of the water resources
management strategy [12, 13]. Addressing the
issue of water scarcity requires the implementation
of effective methods for accumulating and
conserving runoff in volumes sufficient to sustain
regional livelihoods, but without repeating past
mistakes associated with the excessive regulation
of river channels.

In this regard, there is an urgent need for
non-standard solutions—the development of
simple and effective methods for managing
the hydrological regime [l4]-that would
simultaneously allow for water storage and
ensure the ecological protection of small rivers
by maintaining their natural flow [15, 16]. In
our opinion, the solution to this challenging
problem lies in the implementation of innovative
complexes of hydraulic structures in river
floodplains, which allow for the rational use of
floodwater resources without causing destructive
impacts on the river ecosystem.

It is worth noting that the works of leading
Ukrainian scientists (S.O. Afanasyev, V.I. Vysh-
nevsky, I.V. Voitovich, 1.V. Gopchak, E.D. Gop-
chenko, V.V. Hrebin, N.S. Loboda, V.B. Mokin,
V.I. Osadchiy, V.I. Pichura, V.M. Popov,
AM. Rokochynskyi, M.I. Romashchenko,
S.I. Snizhko, V.M. Starodubtsev, V.A. Stashuk,
AM. Shevchenko, V.K. Khilchevskyi,
A.V. Yatsyk, M.V. Yatsyuk and many others).

Research Methods. The research methodo-
logy is based on a comprehensive approach that
combines an analysis of modern foreign and
domestic innovative solutions for managing
the hydrological regime of watercourses [17,
18], statistical data, known hydrological design
characteristics of river ecosystems in the steppe
zone of Ukraine, and methods of engineering
modeling of hydraulic structures.

The hydrographic network of small rivers
in the steppe zone of Ukraine was chosen as
the object of study and the basis for theoretical
generalization and typification [3, 19, 20]. The
analysis was based on data on the dynamics of
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pond and reservoir construction over the past
50 years, as well as a comparison of the volumes
of accumulated water with local runoff volumes.

To substantiate the general parameters
of hydraulic structures and their operational
technologies, evaluation and comparison
methods were applied, in particular, well-known
data on water inflow during flood periods and the
spring flood season. Prospects for incorporating
new technologies and methods of managing
hydraulic structures took into account current and
projected climate changes, as well as the actual
state of river channel regulation and the level of
technical operation of existing water management
structures.

The methodology for developing technical
solutions included the development and
justification of two options [21, 22]:

1) for channel ponds—simulation of the
physical separation of the channel using emban-
kments to ensure a free-flowing (unobstructed)
current.

2) for floodplain complexes—justification
of the standardization of artificial excavation
parameters (depth and volume) in accordance
with water consumption needs and local
hydrological and hydrogeological conditions.

A comparative analysis of the overall
effectiveness of the proposed solutions was
evaluated by comparing the technical and
technological parameters of the various options.

The methodology for managing the
hydrological regime is based on the principles of
gravity-fedflowregulation. Itinvolvesestablishing
algorithms (protocols) for the operation of
control structures (opening/closing of gates)
depending on the phase of the river’s hydrological
regime; the use of artificial aeration via rock-fill
connecting structures to enhance the water’s self-
purification capacity; modeling the processes of
reverse discharge of water from reservoirs into
the river channel during the low-flow period
to maintain ecological flow. To implement the
proposed approach at a real-world study site, we
used standard methods for calculating maximum
discharge (peak discharge rate) for rain-induced
floods and snowmelt.

In the absence of direct hydrometric
observations of maximum storm runoff in the
Steppe Zone of Ukraine, the most reasonable
approach is to apply the calculation models
proposed by P. F. Vyshnevsky [23]. Specifically,
for a storm flood:

0,=1.67 h,F-¢-n-r-r-hx (D)

where Q,is the maximum instantaneous discharge
(m*/s) with a probability of exceedance of P%;
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1,67 is the measurement factor; 4,, — maximum
storm runoff yield with a 1% probability of
exceedance, determined from a map and equal to
5,5 mm/10 min for the center of the watershed;
¢ — the reduction factor for maximum storm
runoff, which depends on the slope run-off
time and is determined as ¢ = (2.26)/(1+6,3n,)
when n < 1; —¢ = 0,626/(1+1,02n,) when n > 1;
F — the catchment area of the river basin
upstream of the design cross-section, km’;
n — a coefficient accounting for the influence of
forests and wetlands on runoff from the basin,
which is slightly less than 1; » — a coefficient
accounting for the retention of runoff by pond
and reservoir systems; in the calculation, the
areas of all ponds and the depth of the regulating
reservoir were determined; », — a coefficient
for natural regulation of discharge by wetland
floodplains, depending on the floodplain’s shape,
type of wetland coverage (proportion), and
wetland areas; A — a transition coefficient from
a 1% probability of exceeding maximum water
discharge to the design discharge.

The following formula was used to estimate
the parameters of the maximum snowmelt runoff:

0,=028a, ¢ F-p-r-A, 2)

where 0, is the maximum instantaneous discharge
(m3/s) with a probability of exceedance of P%;
a,, is the maximum intensity of meltwater runoff
(mm/hour). In this study, a 1% confidence level
(probability of exceedance) is adopted based on
reference data, and for the design watershed, it
equals 4,3 mm/hour; ¢ is the reduction factor
for the maximum discharge modulus, which is
determined separately for each designated cross-
section; /' — the area of the watershed upstream
of the design section, km’; p — a coefficient that
modifies runoff discharge from the basin due to
the influence of forest cover and wetland areas;
r — a coefficient accounting for the influence of
the reservoir system; A — a transition coefficient
from a 1% probability of exceeding maximum
discharge to another probability; 0,28 — a mea-
surement coefficient.

The determination of minimum runoff
characteristics [¢g, L/(sec'km’)] was based on
the methodological approach proposed by
VK. Khilchevsky [24]. Data on regional
average monthly runoff modules were used for
the calculations. The lowest value of the runoff
module with a 75% probability of occurrence
was adopted as a representative indicator of the
minimum 30-day water discharge.

The QGIS toolkit was used for the
morphometric analysis and spatial modeling
of the Nizhnya Tersa River watershed.
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A 3D terrain model was created based on USGS
digital elevation models (DEMs) through
geospatial processing (constructing continuous
surfaces by interpolation). Using terrain analysis
algorithms, a hydrological correction of the
DTM was performed, which made it possible
to accurately determine the boundaries of the
catchment area of the studied pond, calculate the
water surface areas at various water levels, and
derive the topographic characteristics of the pond
basin W= f(H).

Research Results. During the study, two
promising technical solutions were developed
and analyzed, aimed at restoring the hydrological
regime of small rivers in the steppe zone of
Ukraine. Both options are based on the principle
of rational use of runoff during the flood season;
however, they differ in their engineering design
and functional purpose, which allows the water
infrastructure to be adapted to modern operating
conditions.

Option 1) A method for constructing a complex
of hydraulic structures based on existing channel
ponds. This option involves transforming the
existing hydraulic complex by introducing
a set of structures that separate the functions of
water storage and ensuring a continuous river
flow. The main idea is to physically separate
the river channel from the reservoir’s regulating
capacity. The technical details of the construction
are as follows (Fig. 2). Along one of the
reservoir’s banks, a coffer dam is built using
local soil materials, forming a bypass channel
(the river channel). This structure bounds the
channel on one side, while the natural shoreline
serves as the other barrier. The embankment is
designed such that its crest elevation prevents
any interaction (overflow) between the regulating
reservoir and the river channel during all phases
of the river’s flow regime. An open control gate is
installed at the head of the reservoir (upstream).
The reservoir’s filling regime is controlled either
manually or automatically—by installing a simple
automated systemtomonitorwaterlevelsupstream
and downstream of the regulating structure.
This ensures unimpeded flow of domestic water
through the river channel. The construction
of additional structures (regulatory, control,
connecting, and spillway structures) as part of
the hydraulic complex and the achievement of
the specified hydrological regime of the river are
carried out under conditions of gravity-fed flow
regulation, taking into account the river’s current
water availability. To increase the efficiency of
water intake during reservoir filling, a backwater
structure—a stone weir combined with a flow-
directing intake spur—is constructed next to the
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regulator. This allows water to be directed into
the reservoir even at low water levels. Once
the reservoir is filled to the normal backwater
level (NBL) or to the lowest hydrologically
feasible level, the regulator gate is closed, and all
domestic wastewater is diverted through a bypass
channel. An additional water discharge structure
is installed in the existing dam to allow water
to flow into the lower reach. It is constructed as
a rock-fill connecting water-passage structure
(a rapid with artificial roughness or a drop). This
solution ensures intensive aeration of the flow,
which is a key factor in enhancing the river’s self-
purification capacity. The spillway, which is
typically part of the hydropower complex, will
perform its function during years of high water
levels. This technology allows the reservoir to be
used as a regulating capacity without interrupting
the river’s transit flow, thereby minimizing
environmental risks.

Option 2) Technology for creating autonomous
floodplain complexes with artificial basins. The
second technological option involves creating
new storage basins in the river floodplain at
a certain distance from its natural channel (Fig.
3). This solution is most effective for flat terrain,
where it is necessary to ensure a guaranteed water
supply for agriculture without blocking the river
channel. The key components of this complex
of hydraulic structures are constructed in the
following sequence. First, during the low-water
period, an excavation pit for an artificial reservoir
is formed in the floodplain of a small river. Its

depth and volume are calculated based on water
consumption needs, local hydrogeological
conditions, and the river’s guaranteed water flow
or the characteristics of its hydrological regime.
To prevent water loss, the bottom and walls
of the excavation on the river side are lined with
protective screens made of clayey rock. The
connection to the river is established via a special
channel equipped with a control structure at its
mouth. The technology provides not only for
water intake during floods (passive accumulation)
but also for the active discharge of water from
the excavation back into the river channel during
dry periods via a water outlet. This allows for the
artificial regulation of the river’s flow, prevents
it from drying up, and maintains an ecologically
safe natural state (discharge) of its floodplain
during the dry season. Under these technical and
technological conditions for the construction
of the water management system complex, the
method of managing the hydrological regime
of small rivers is carried out in such a way
that during a flood, water from the river flows
through a control structure located at the mouth
of the intake channel into the excavation pit
and into the artificial reservoir. In this case, the
regulator’s shut-off device remains open until the
pit is filled or until a hydrologically justified level
is reached under the conditions of a specific high-
water phase. When the water level in the river
channel drops, the regulator’s shut-off device is
closed to prevent reverse outflow of water from
the pit. During the dry season, when the river

Sectional view I-I

Fig. 2. Schematic diagram of the construction of hydraulic structures on existing channel ponds [21]:

1 — pond shoreline; 2 — embankment; 3 — open regulator; 4 — water passage structure; 5 — existing weir;
6 — pool thalweg; 7 — bypass channel; 8§ — low-water level of the watercourse; 9 — normal backwater level
of the pool; 10 — bottom of the bypass channel; 11 — flow-directing (water-intake) spur; 12 — retaining
structure—rap; 13 — pond; 14 — spillway

ISSN 2616-5562 (Online)
ISSN 2616-5643 (Print)

LAND RECLAMATION AND WATER MANAGEMENT Ne 1 « 2026



I'IJIPOTEXHIKA

water level drops below its minimum value,
water is discharged from the artificial reservoir
back into the river channel by opening the control
structure’s shut-off device and/or the spillway to
prevent the river from drying up. Thus, managing
the volumes and timing of river water intake and
discharge using a complex of hydraulic structures

(7]

ensures flow regulation and the achievement of
a predetermined, ecologically safe hydrological
regime for small rivers.

Based on the presented results of the
technological methods for constructing hydraulic
structures, a comparative analysis of these
methods has been compiled (Table 1).
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Fig. 3. Schematic diagram of the creation of autonomous floodplain complexes
with artificial basins [22]:
1 — basin for an artificial reservoir; 2 — intake channel; 3 — embankment; 4 — river channel; 5 — control
structure; 6 — anti-filtration screen; 7 — protective layer of bedrock; 8 — maximum and 9 — minimum water
levels in the river; 10 — water outlet; 11 — water intake spur to increase the water intake coefficient

1. Comparative characteristics of the proposed technical solutions

Comparison Option 1: channel pond Option 2: floodplain reservoir
parameter
v" Restoration of a natural river flow within . .
Main objective the pond basin with the ability to store d Accumulation of runoff and replenishment
uring the low-flow period
runoff
Key technological Bypass  channel and distribution| , Excavation with an anti-filtration screen
element regulator
Environmental v Aeration and self-purification of the . . .
. . v’ Prevention of riverbed drying
impact flow, restoration of free flow
v Ensures continuous transit of water and | v Minimal impact on the natural river channel;
sediment through the riverbed; v Eliminates the risk of silting in the main
Advantages v Improves oxygen levels (aeration); channel during floods;
v Does not require the acquisition of new | v" Allows for precise control of water discharge
land parcels during low-water periods.
v" Technical complexity of constructing|v” Significant earthwork is required to excavate
Disadvantages/ a spillway dam within an existing reservoir; | the foundation pit;
Risks v' The need for constant monitoring of the | v" Risk of localized flooding if the integrity of
technical condition of the bypass channel; the screen is compromised.
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The presented and substantiated technological
methods for managing the hydrological regime
of small rivers allow us to move from theoretical
analysis to practical modeling of the operation
of hydraulic structures. To verify the proposed
technical solutions and assess their effectiveness
under real-world conditions in the Steppe Zone,
atypical site was selected—a channel pond (Fig. 4)—
located in the basin of the Nyzhnia Tersa River
(Dnipropetrovskyi region). This site was chosen
for its representativeness: the morphometric
characteristics of the watershed and the degree
of anthropogenic transformation of the river
channel correspond to general regional trends.
Based on a digital elevation model (DEM) created
using the QGIS GIS toolkit, a detailed alignment
of the calculated water levels with the actual
topographic base was performed, which made it
possible to substantiate the design parameters of
the innovative hydraulic structure.

To determine the hydrological parameters
of maximum discharge at the actual study site,
calculations were performed for storm floods and
spring floods (Equations 1 and 2; Table 2).

Based on the results of these calculations, it
was determined that for the studied watershed,
the zoned value of the minimum runoff coefficient
is 0,07 L/(sec-km’). Accordingly, the calculated
minimum (30-day) water discharge with
a 75% probability of occurrence is 660 L/sec.
The obtained results correlate with regional
patterns of runoff formation within the selected
physiographic zone.

To perform further water management
calculations and justify the design parameters of
hydraulic structures at this site, a spatial analysis
and modeling algorithm was used in the QGIS
environment. A 3D model (Fig. 5) was created,
and the topographic characteristics (Fig. 6) of the
pond’s floodplain were determined.

Fig. 4. Study site for substantiating the proposed engineering solutions
(ponds near the village of Novooleksandrivka on the Nyzhnia Tersa River, Dnipropetrovsk Oblast)

2. Calculations of maximum discharge during spring floods and rain-induced floods on the Nyzhnia
Tersa River at the pond site near the village of Novooleksandrivka

Site characteristics: Nyzhnia Tersa River; Confidence level P, %
cross-section of the studied reservoir, F,, =851 km’ | 0.5 | 1 | 2 | 5 | 10 | 25
Spring Flood
Maximum instantaneous flow rate m’/s 35 31 26 21 17 11
Maximum average daily flow rate m’/s 19 17 15 12 9 6
Flood discharge volume million m? 7,8 6,9 6,1 5,0 4,1 3,0
Rain-induced flooding
Maximum flow rate m’/s 40 33 27 17 12 4
Flood discharge volume million m? 3,4 2,9 2.4 1,7 1,1 0,6
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Fig. 5. 3D model of a section of the pond’s floodplain in the upper reach
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Fig. 6. Topographic characteristics: a) the pond, b) the regulating capacity of the upper reach

As can be seen in Figure 6, the curve
representing the pond area shows a marked upward
trend. This is explained by the erosion of the banks
by water at levels close to the normal (NPG) and
forced (FPG) water tables, as confirmed by the
topography. At the same time, in the upper reach—
which is almost always a marshy area with dense
vegetation and shallow depths—such erosion was
simply impossible, so the curve showing changes
in area exhibits a classic pattern.

An example of implementing this approach
to river water regime management and the
construction of hydraulic structures based on
the first design option is shown in Figures 7 and
8. It is worth noting that the dimensions of the
regulator and the weir can be varied to achieve an
optimal hydrological regime for the watercourse,
based on hydrological calculations and specific
management objectives.

The next step in justifying the operating
parameters of the hydraulic structures is to

2026 + Ne 1 MEJIIOPALLLA I BOOJHE I'OCITOAAPCTBO

perform hydraulic calculations for the water-
passage structures. Such a flow balance
calculation was performed for floods with 1%,
10%, and 25% return periods (Figures 9, 10, and
11, respectively) and to determine the conditions
for filling the reservoir’s useful capacity.

The initial conditions for the calculation are
as follows: the minimum water level in the upper
reach is close to the domestic water level during
the inter-flood period and is 106 m BS. This level
is taken as the bottom of the weir channel. The
water level in the lower reach of the reservoir
is close to the dead storage level (DSL) and is
105,0 m BS.

It should be noted that the presence of
a spillway ensures the simultaneous discharge of
excess water; therefore, the FPG will be slightly
lower than the value calculated in the balance
calculationand will subsequently dropto the NPG
level. The symbols used in Figures 9—11 share
the following characteristics: Q% — hydrograph
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Fig. 7. Determination of topographic characteristics (water surface area) in QGIS using a 3D digital
elevation model and an example of the practical implementation of a technical approach to the
construction of hydraulic structures for river water regime management:

1 — connecting (water-passing) structure; 2 — embankment dam; 3 — regulator (open regulator);
4 — channel weir

Downstream pool
(pend)

Max
(water level)

(regulator)

Upstream pool
(water level)

>

General layout of hydraulic structures

Fig. 8. General view of the hydraulic structures at a channel-type reservoir
for managing the river’s hydrological regime:

1 — crest of the spillway dam; 2 — weir of the regulating intake; 3 — upper edge of the flat gate;
4 — embankment; 5 — regulator weir; 6 — channel cross-connection; H,,y i, — Water level limits in the upper reach
(H,y;, corresponds to the passage of the minimum flow through the cross-connection channel; H,,,.corresponds to
the discharge of the 1% flood flow, thereby determining the structural dimensions of the complex of structures)
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of the % probability of occurrence, accounting
for flow transformation by the upper reservoirs;
Qper water flow through the spillway;
Q, — flow rate for filling the reservoir through
the control gate; T,. — gate closure time
(optimal condition: equalization of levels in
the reservoir and the upper reach; in practice,
for any probability of occurrence, this
corresponds to the period when the hydrograph

83
begins to decline); T,

open — Start of reservoir
filling; dH - difference in levels between
the flood control basin and the reservoir;
Hyoa — the level regime in the flood basin
during a flood of a given probability —
determined under conditions of hydraulic
equilibrium, i.e., the continuity equation
(Qinlet(ﬂood) Qoutlet(overﬂow through the control structure and
spiltway))s Hireservoir — the reservoir filling regime.

40 110.0
————————————— - 109.5
35
I 109.0
30 L 108.5
25 r 108.0
2 o L1075 <
=20 = @--Q cofferdam £‘
! F 107.0
e () pond
5 L
! — - =T (c). closing the regulator 106.5
10 <« dH, headwater and tailwater difference | 106.0
— = T(0). opening the regulator I 105.5
5 ——HWL. headwater level
I 105.0
===-PWL. pond water level
0 104.5
0 1 2 3 4 5 6 7 8 9
T, days
Fig. 9. Balance calculation for the discharge of a 1% probability flood and the filling
of the reservoir’s usable capacity
20 109.0
18 - 108.5
16 - 1080
14
- 107.5
L 12
— —Q10% - 107.0 =
= 10 |~ #--Q cofferdam :,:'f
S - 106.5
8 e () ponnd
— =T (e). closing the regulator - 106.0
6 «— dH. headwater and tailwater difference
4 — + =T(o). opening the regulator - 105.5
) | ——HWL. headwater level L 105.0
===-PWL, pond water level
0 104.5
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Fig. 10. Balance calculation for flood discharge with a 10% probability and filling
of the reservoir’s usable capacity
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Fig. 11. Balance calculation for flood discharge with a 25% probability and filling
of the reservoir’s usable capacity

An analysis of the hydraulic operating
regime of the hydraulic structure revealed
characteristic fluctuations in water discharge at
the spillway, which are caused by the regulator
operating in a submerged mode. A decrease in
the regulator’s discharge capacity under such
conditions leads to a redistribution of flow
toward the spillway. This process is described by
the continuity equation for water flow, according
to which the total discharge of a 1% probability
flood is equal to the sum of the discharges
through the spillway: Q.= Q™ Qupiiway- It has
been established that when critical flooding
levels are reached, the main hydraulic head is
transferred to the bridge, which must be taken
into account when calculating the static stability
of the structure.

Based on the hydrological calculations and
an analysis of high-water levels in the reservoir
basin, it has been determined that the normal
water level of the reservoir under study, assuming
the presence of a spillway, is estimated at
108,0-108,5 m (in Baltic Normal Height System).
At the same time, the minimum elevations of
the dam crest are recorded at 110.0 m, which
ensures the necessary safety margin. During
a 1% probability design flood, the maximum
possible water level in the reservoir reaches
109,50 m. According to the constructed storage
capacity curve, at an elevation of 109,0 m, the
reservoir’s storage volume is approximately 560
thousand m’. Analysis of the data indicates
that floods with a probability of occurrence of
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40-50% or higher ensure stable filling of the
reservoir basin to the design water level.

Environmental and economic assessment
of the proposed solutions. The practical
implementation of the proposed innovative
technology for managing the hydrological
regime of a water body involves a number of
engineering, hydrotechnical, and financial and
economic challenges. For channel ponds in the
steppe zone of Ukraine with an area of 10-50
hectares, the scale of such work is significant,
since the length of the distribution embankment,
depending on the geometry of the reservoir basin,
can range from 500 to 1,000 meters. Depending
on hydrological conditions, the thickness of
bottom sediments, the availability of specialized
equipment, and environmental requirements for
the conservation of biota, we have identified
and analyzed two main technical options for
constructing the distribution dam. For the
conditions of the site under study, a comparative
analysis of the technical, economic, and
environmental indicators of both options was
conducted (Table 3).

The comparative analysis presented in
Table 3 illustrates the dilemma between
technological simplicity and environmental
responsibility. International practices are clearly
focused on minimizing environmental risks. As
aresult, Option 1 (with dewatering) is considered
economically unfeasible in developed countries
due to the enormous associated costs and
environmental compensation requirements.
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3. Comparative analysis of technical and economic options for constructing a partition dam
for a pond with an area of 1050 hectares

Indicator /
Evaluation criterion

Option 1
(full or partial draining)

Option 2
(without draining the reservoir)

Work Procedure

This approach involves draining water
through the existing spillway during the
summer-fall low-water period. After the
pond bed has been drained (or temporary
drainage channels have been constructed
to dewater the construction site), the dam
is built using traditional mechanized
methods with bulldozers and excavators,
with layer-by-layer soil compaction.

The work is carried out directly in the aquatic
environment. To prevent the displacement

of weak silty soils in the foundation and the
erosion of the dam body, modern geosynthetic
materials are to be used; these are laid on the
bottom before backfilling with rock or sandy-
clay soil. In global lake restoration practice
[25, 26], the most effective variation of this
method involves the use of geotextile tubes,
which are filled with bottom sediment using
dredgers.

Capital expenditures
for earthworks

Base (100%)

Increased (125-150%) due to geomaterials
and soil loss in water

Need for special
materials

Minimal (local soil)

High (geotextiles, geogrids, crushed stone)

Project Duration

Long (depend on the rate of bed drying)

Short (not dependent on the water level in the
Ieservoir)

Environmental damage
and penalties

High (loss of water resources, riverbed
desiccation, destruction of the biocenosis)

Minimal (local impact in the backfill area)

Economic losses to the
water user

Significant (loss of water management
functions and fish productivity for
1-2 seasons)

None or minimal (the pond remains fully oper-
ational)

Environmental impact
assessment procedure
and environmental

Complex and time-consuming

Simplified (equivalent to revitalization
measures)

ation leads to significant environmental
damage (death of aquaculture, ecosystem
degradation) and a loss of revenue for water
users for at least 1-2 seasons. In domestic
practice, the direct cost of earthworks using
this method is considered the baseline.
However, when evaluating similar projects
in the EU and the U.S. (https://ascelibrary.
org/), this method is regarded as the most
expensive. The direct cost of excavating
and compacting soil “dry” abroad is approx-
imately $20-45 per m’, while associated
compensation payments for the destruction
of wetlands can reach $25,000-100,000 per
hectare of drained land. Furthermore, obtai-
ning permits to completely drain large water
bodies (50 hectares or more) in Western
practice takes years and costs between
$20,000 and $100,000. Thus, the total esti-
mated cost of implementing Option 1 for
a 1,000-meter-long dam, based on European
prices, may exceed $1,0—1,5 million.

approvals

Advantages High-quality compaction of the dam Preservation of the water volume and ecolog-
body, minimal material loss due to ical balance of the reservoir during construc-
scouring, ability to precisely profile the tion; no need to drain the water; simplified
transit channel “on dry land” environmental compliance procedure.

Disadvantages Temporary suspension of the pond’s oper- | The technology requires increased soil

consumption (by 20-30% due to silt absorption
and initial underwater erosion) and the use of
specialized materials. Heavy woven geotex-
tiles cost between $5 and $50 per m? on the
global market, depending on their strength.
The average cost of constructing underwater
barriers and dams using geotextile tubes is
$600-750 per meter. Thus, the total estimated
cost of constructing a 1,000-meter dam without
draining the water, based on global bench-
marks, is approximately $600,000-850,000.
Despite the higher direct material costs, this
option offsets, to some extent, environmental
fines and losses resulting from the cessation of
the reservoir’s operation.
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At the same time, given current domestic
realities, the most technologically feasible and
engineering-wise approach remains the “dry”
embankment construction—provided the reservoir
is completely drained or during its summer-
autumn low-water period (Option 1). This is
due to the availability of traditional equipment
and the lack of a need for expensive imported
geosynthetic materials.

The situation is complicated by institutional
factors. Under current conditions, which
are burdened by a deep economic crisis, the
consequences of military operations, and the
inadequacy of domestic environmental legislation,
the actual completion of environmental impact
assessment (EIA) and strategic environmental
assessment (SEA) procedures for projects of this
scale is quite complex and atypical for Ukrainian
practice. Due to excessive bureaucracy or,
conversely, a purely formal approach to oversight,
these tools often fail to fulfill their regulatory
function. In light of this, in our opinion, under
current development conditions, the likelihood of
the first option being implemented—albeit without
a proper and comprehensive environmental
review—is the highest.

Thus, a comprehensive analysis shows that
although, from the perspective of balanced natural
resource use and European experience in water
resource management, Option 2 (or a combined
method involving a partial reduction in water
level by 30—40%) is significantly safer, the actual
economic and geopolitical context in Ukraine
forces water users to choose simpler, albeit
more environmentally destructive, engineering
solutions.

Conclusions:

1. It has been proven that the critical
degradation of small rivers in the Ukrainian
Steppe is caused by a disruption of the
hydrological integrity of watercourses due to the
cascade regulation of their channels. It has been
established that the existing model of reservoir
operation, where the storage volume exceeds the
volume of local runoff, leads to the cessation of
“living flow” during the low-water period, which
requires the implementation of new technological
schemes for runoff management [27].

2. The use of GIS tools (QGIS) and the
analysis of digital elevation models have improved
the accuracy of morphometric calculations
for watersheds. The reservoir capacity curves
constructed using GIS algorithms served as the
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basis for accurately predicting flood discharge
transformation, which is an essential step in
designing innovative hydraulic structures under
complex physical and geographical conditions.

3. It has been scientifically demonstrated
that separating the river channel from the
reservoir’s storage capacity using a bypass
channel and control structures (the authors’
Ukrainian utility model patents No. 154298
and No. 156105) is a promising and effective
method for river revitalization. The proposed
technology for equipping existing ponds with
bypass channels and distribution regulators
allows for the separation of water storage and
flow transit functions. This ensures a continuous
river flow throughout the year, activates self-
purification processes through aeration on rocky
rapids, and promotes the restoration of the
watercourse’s ecosystem functions. The creation
of artificial basins in floodplains with protective
anti-filtration screens is an effective method for
ensuring a reliable water supply without blocking
the river channel. Such a system allows not only
for the accumulation of water during floods but
also for the replenishment of the river during dry
periods of the year.

4. Calculations and modeling of the
implementation of the proposed approaches
at a real-world site in the Lower Tersa River
basin confirmed the feasibility of these
solutions. It has been established that at
a normal water level of 108,0-108,5 m BS
and during a 1% probability flood (maximum
level of 109,50 m BS), the system provides
for the accumulation of 560,000 m’of water.
At the same time, a continuous transit flow
through the bypass channel is maintained,
which eliminates the risk of overflow over the
dam (elevation 110,0 m BS) and sustains the
hydrological regime of the river downstream.
Filling the reservoir basin to the design water
level is ensured with a 40-50% probability of
flooding and a higher level of reliability.

5. The proposed technologies are consistent
with the strategic objectives of the EU Water
Framework Directive and can be used as
model solutions for the post-war restoration of
Ukraine’s hydraulic infrastructure. This will help
balance the interests of the agricultural sector
and ensure compliance with environmental
requirements  for the conservation of
biodiversity in small rivers amid global climate
change.
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Anomayia. Mani piuku cmenogoi 30Hu Yxpainu € Haubitbul 8paziueoio J1aHKow 2iopoepadiunoi mepesici,
Wo 20CMpo peazye Ha KIMamuyni 3Minu ma anmponozenuuti muck. Cyuacna meHOeHyis 00 iX 0OMiniHHA
ma empamu meuii' 8 MexCeHHull nepiod 3yMo61eHa HAOMIDHUM 3ape2YI08AHHAM Py Ccell CASKAMU | 6000~
cxosuwam, Wo Nepemeoproc piuku na 3acmitini eodotmu. Ha npuxnaodi [ninponemposcvroi obnacmi
BCMAHOBIEHO, WO 3a nepiod ocmanuix 40 pokie KinbKicms cmaskie 3pocia y 2,7 paszu, a iXusa 3a2aibHd
micmxicmy nepesuwuia 00°€m Micyegoco CMoOKY, W0 CMBOPIOE 3a2po3y eKON02iuHil Oe3neyi 800HUX
exocucmem. Tpaduyitini epebni 3ynunHaw0ms NOMIK Nicis NABOOKY, MOMY AKMYATbHUM € PO3POOKA pilieHb
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0L akymynsayii 600u Oe3 nopyuients 2ioponociuno2o pexcumy. Memoouxa 0ocniodncenus 6a3yemvpcs Ha
AHANI3E 2IOPONOSITUHUX OAHUX MA THIHCEHEPHOMY MOOETIOBAHHI CUCIEM CAMONIUBHO20 PE2YI0BAHHS CHIOKY
i3 3acmocysanHam anreopummie eeoingopmayitinoi cucmemu QGIS. Tlepuwuii po3pobnenuii apianm nepeo-
bauae MooepHizayiio pycio8ux CMAeKie ULTAXOM 8I00KPEMACHHA PYCad PiuKU 810 EMHOCTI CTNABKA 3 OONO-
MO2010 0ambu 008aNy8aAHHA MA CMEOPEHHA 008IOH020 KaHANLY. Y 8epxie’i cmano8noemvcs gioKpumull
pezyrsmop, wo 003605€ HANOBHIOBAMU CIMABOK Y Nepioou GUCOKUX 600, 63A2all He NPUNUHAIOUY MPAH-
3ummuy meuiio. [{na niosuwjents akocmi 600u y CKaaoi 2i0pogy3ia 3acmoco8yEmvbCs KaM SHO-HAKUOHA
CnonyyHa cnopyod, wo 3abe3neuye iHMeHCUSHY aepayiio ma camooyuujents nomoky. /pyauti eapianm
NoNA2Ac y CMBOPEHHI A8MOHOMHUX 3ANNAGHUX KOMNAEKCI8 i3 WmydHuMu Komnoganamu. Lla mexnonocis
0036071A€ He auule HaKonuyyeamu nasooxkosy 600y, a U 30IUCHIO8amu ii akmueHUull CKUO HA3a0 y pycio
8 NoCyuiugull nepioo 0 NiOMpPUMKU eKoN02iuH020 cmoky. llopieHanbHull aHaniz niomeepoxcye, o
PYCI0BULL 8aPIAHm ONMUMALbHUL OJis1 8IOHOGIEHHSI NPOMOYHOCHE 8JICe 3ape2ylb08AHUX PIYOK, MOOi SIK
3anaagHi 8000UMU ehekmugHi 05 cmanoeo 8o0o3zabesneuents 6e3 empyuanns 6 pycio. Ilpakmuuna
peanizayis 3anponoHO8aHUX PilleHb anpobosana Ha 06 ekmi ¢ bacetini piuxu Huoxcns Tepca (nnowa 600o-
360py 85,1 km?). Pesynomamu modeniosants niomeepouiu npaye30amuicims CUCHEMU: NPU HOPMATbHOMY
nionipuomy copusonmi (HIII') 108,0—-108,5 m BC ma npoxooacenti po3paxynrkogozo nagooka 1 % 3zabes-
neuernocmi (pieens nanosuenns 109,50 m BC) 3abesneuyemocs akymynayis 560 muc. m> 600u npu nogHomy
36epedicenti eKoNo2iuH020 CMOKY 8 008I0HOMY KaHAll. Bnpoeadcents maxux KOMIIEKCI8 0036015€ peaii-
syeamu npunyunu Boonoi pamxosoi oupexmusu €C woodo pesimanizayii pivok, 3a6e3neuyrouu «iHcugy
meuiro» HAimMb y MAI0BOOHI POKU MA CMEOPIOIOHU YMOBU O/ GIOHOBNIEHHS DIOPISHOMAHIMMS CIMEno8UX
exocucmem 8 yMO8axX NOBOEHHO20 8IOHOBNEHHSA MA CIMPIMKUX 3MIH Kaimamy.

Knruosi cnosa: ciopomexniyna cnopyoa, 800HUll 00 €Km, piuKka, 800HA IHICEHePIs, 8OOHI MEXHONOI,
2I0pONOCIYHULL pedicuM, eKoN02iuHa be3neKd
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