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ABSTRACT

The article discusses the fundamental aspects of the water deficit problem in rural areas of the South Prydniprovska
Upland, which is prevalent in the Mykolaiv, Cherkasy, Kirovohrad, and Dnipro regions. The study focuses on the
rapid hydrochemical instability observed in locally accumulated runoff reservoirs, significantly deteriorating their
water quality for consumer use. The inherently high salinity, exacerbated during peak water shortage periods,
diminishes the significance of local hydrosystems as viable water sources. The swift advancement of autonomous
filtration water treatment systems and artificial filtration in drinking water production necessitates a reevalua-
tion of traditional principles in rural water supply. Concurrently, this development brings to light several critical
technical issues with economic implications. Cost-effective decentralized water treatment for drinking purposes
mandates the use of natural water with a salinity of up to 1.5—-1.8 thousand mg/dm?. Treating water with a salinity
of 3—4 thousand mg/dm? would be economically unfeasible due to the need for accelerated replacement of filter
elements, excessive electricity consumption, and extended working hours. Therefore, the challenge of accessing
water reserves with minimal deviation in hydrochemical composition from drinking standards persists, as current
reservoirs and water storage facilities do not meet this requirement. To rationally exploit available water reserves,
the proposed principle of cascade-separate water use for small reservoirs is introduced. This approach is based on
creating a tandem of existing channel ponds and small water storage reservoirs linked by regulated water flow.
The satellite water storage ponds, filled from the surface with relatively clean, flotation-deposited water from
the main pond, will contain a 3-4 month supply of conditionally high-quality water, ensuring efficient operation
of drinking water treatment plants at a volume of up to 20 m3/day. These relatively small (up to 0.5 million m?)
reservoirs are easy to maintain, clean, and periodically disinfect, meeting the minimum water quality requirements
for preparation for drinking and the domestic needs of the population.

Keywords: rural water supply, drinking needs, reservoir, steppe area, Mykolaiv region.

INTRODUCTION

The Mykolaiv region, spanning 24.6 thousand
km?, stands as the most water-deficient region
in Ukraine (the National Report, 2019). This
deficiency significantly impedes the development
of its natural and economic potential. The
severity of the problem stems from the absence
of underground deposits of high-quality drinking
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water and a simultaneous scarcity of surface
water reserves suitable for fulfilling the drinking
and domestic requirements of the population
(Regional Report, 2019). The total average long-
term river runoff in the region, considering runoff
from adjacent forest-steppe areas, amounts to
merely 3.4 km?, a stark contrast to the overall
Ukrainian runoff of 209.8 km? Within this, the
local runoff is a mere 0.57 km?, contributing to the
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larger local runoff of Ukraine, which stands at 52.4
km?® (Analysis, 2021). This disparity underscores
the critical nature of the water scarcity issue in the
Mykolaiv region.

The freshwater reserves in the region
primarily encompass precipitation, water inflows
from the Southern Bug and Syniukha rivers, and
groundwater. Notably, the volumes of groundwater
are the smallest in Ukraine and exhibit significant
variations in quality and operational potential.
This diversity is further compounded by a
mosaic spatial distribution (The state, 2021).
Consequently, the Mykolaiv region grapples with
a general shortage of fresh and conditionally
fresh water suitable for subsequent treatment to
meet domestic needs. This water scarcity issue is
particularly acute in the north-eastern part of the
region (National report, 2021). This specific area
belongs to the fractured water zone of the Crystal
Shield (Liuta, 2023). The ongoing water shortage
remains a critical concern in this region.

Despite certain improvements in the drink-
ing water supply situation by the end of 2023,
thanks to the implementation of artificial wa-
ter treatment plants, a substantial portion of
the rural population in the former Arbuzynka,
Bratske, Yelanets, Kazankivka, and Berezne-
huvata districts still relies on imported drink-
ing water (Program, 2018). Yelanets, with a
population of 5,000, continues to lack centralized
water supply due to the absence of local water
sources. The community meets its domestic
water supply needs through the utilization of
low-quality and limited local groundwater, along
with traditional rainwater harvesting practices
(Environmental passport, 2022). The absence of
prospects for improving the situation through
the exploitation of deep groundwater is notable
due to its high salinity, ranging from 3.6 to 11
thousand mg/dm* (Medical-hydro-geochemical
factors, 2015). Additionally, expectations for the
successful exploitation of local surface reserves
are questionable, given the average annual rate of
local runoff per capita is merely 0.012 thousand
m’/year. This is significantly lower than the
regional average of 0.044 thousand m’/year,
representing a 2.38-fold decrease compared to
the national average in Ukraine (Obukhov, 2019).
The challenges in ensuring adequate water supply
persist in this region.

The prolonged and locally critical water deficit
in specific areas has left no alternative to external
water supply, whether through mains or imported

sources. For numerous settlements in the northern
sub-territories of Mykolaiv region, external water
supply has been, and continues to be, the sole
economically viable means of securing water
access (Resolution, 2000). Nevertheless, recent
advancements in water treatment and purification
technologies, encompassing biological methods
(Malovanyy et al., 2021), adsorption techniques
(Malovanyy et al., 2020), ion exchange processes
(Kostenko et al., 2017) and reverse osmosis
(Henthorne and Boysen, 2015), present promising
opportunities for the production of ample
volumes of drinking water. Consideration is also
given to the purification and accumulation of
water reserves for domestic needs. In the southern
regions, there has been partial implementation
of autonomous drinking water supply systems
based on local water reserves in most territorial
communities in recent years (Rural drinking wa-
ter, 2016). The impediment to the widespread
implementation of these local water treatment
technologies lies mainly in the absence of
necessary, year-round water supplies. Addressing
this challenge has become exceptionally urgent
in promptly resolving the issue of drinking water
supply in rural areas.

MATERIALS AND METHODS

This study relies on the author’s original field,
laboratory, and analytical research, encompass-
ing an assessment of the current ecological sta-
tus and water management of surface water bod-
ies in the Mykolaiv region. The factual materials
amalgamate the most recent data spanning 2020-
2023 concerning the hydrochemical characteristics
of water and the ecological status of the Mertvovid
River and its tributaries (Nakonechna et al., 2021).
This information enables the generalization and
derivation of current estimates regarding their
potential as viable sources for drinking and
domestic water supply. A substantial portion
of the source material comprises factual data
obtained from literature sources, reports from
state and municipal institutions, and other relevant
organizations. Mapping materials were collected
using the Gis Map Server geoportal, employing
the cross-platform geographic information system
QGIS ver. 3.32.3 and the SAGA GIS 7.8.2
application. This combination of fieldwork, data
analysis, and geospatial mapping contributes to a
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comprehensive assessment of the ecological and
water management dynamics in the studied region.

In the examination of water bodies, a systematic
approach was applied, treating each water body
as an integral and independent hydrosystem. This
encompassed the organic components, including
all surface and groundwater within the catchment
area, the river valley, the watercourse itself, and any
existing channel ponds-reservoirs within the system.

The focal point of the study was the water
bodies, and the investigation followed the
standard methodological complex prescribed
by the Water Code of Ukraine (Ministry of
Ecology, 2019). Additionally, the study adhered
to the State Standard of Ukraine, incorporating
guidelines and recommendations for conducting
hydroecological and water management studies
on freshwater bodies, integral hydrosystems,
and their respective basins. This comprehensive
approach ensures a thorough examination of the
ecological and water management aspects of each
water body within the studied area.

Direct investigations of surface water
bodies involved seasonal route surveys and field
assessments. Hydrochemical and microbiological
analyses of collected water samples were
conducted in a certified water laboratory, a unit
within the Department of Chemical Ecology at
the Admiral Makarov National University of
Shipbuilding in Mykolaiv. Further analytical
and modeling studies in 2023 were performed at
the Water Laboratory of the Leibniz Institute in
Berlin, Germany.

Thus, the aim of the project is to develop a
drinking water supply system for settlements
in the Mykolaiv region within the fractured
water zone, with the goal of providing safe
drinking water. This will be achieved through the
implementation of the latest technologies in local
autonomous water treatment.

RESULTS AND DISCUSSION

The findings from hydroecological studies
on surface water bodies and the primary sources
of water supply in the north-eastern districts of
Mykolaiv region, conducted between 2020 and
2022, highlight the acute challenges in providing
drinking water to local rural communities.
These challenges stem from the hydrogeological
characteristics of the Sinyukha-Ingul interfluve,
limited reserves of fractured groundwater, and the

230

insufficient hydrochemical quality of surface water.
The latter are in direct hydraulic interconnection
and are equally influenced by environmental
conditions (Kamzist and Shevchenko, 2009),
creating a ‘vicious circle’ situation marked by
direct and reverse dependencies. The essence of
this situation lies in the fact that the minimal river
runoff from the slopes of the South Prydniprovska
Upland, coupled with increasing hydroclimatic
aridity, virtually eliminates the water management
potential of the existing watercourses. Their
utilization is only feasible with the artificial
accumulation of runoff in channel ponds and
reservoirs, which will serve as future water supply
facilities (Gopchenko and Loboda, 2005).

At the same time, the operation of storage
reservoirs in the valleys of steppe rivers reveals
several problematic phenomena associated
with the disruption of natural hydrological
mechanisms that stabilize their water balance.
The primary factor is the intense evaporation
from the surface of artificial reservoirs, leading
to direct water losses and hydrochemical
changes. These evaporation-induced losses are
irreversible and offset (partially or completely)
the hydroecological potential of natural runoff.
The river water in the primary channel serves
to maintain flow and recharge groundwater
reserves, ensuring the ecosystem functionality of
watercourses (Acreman et al., 2014).

Thus, the higher the water demand from the
population, the greater the need for accumulation
and storage, necessitating large reservoirs (10
million m* or more) capable of withstanding wa-
ter losses. However, larger reservoirs also result
in increased water evaporation. In recent years,
the average evaporation from the surface of fresh-
water reservoirs in the study area has been 800-
850 mm/m? (Shereshevskyi and Synytska, 2000;
Snizhko et al.,2021). This means that at least 8000
m?® of water is lost from 1 hectare (100x100 m)
of the surface of well-purged channel reservoirs.
In other words, the volume of water lost from 1
hectare of the water surface due to evaporation is
equivalent to the annual volume of drinking water
consumption in villages with a population of 5-6
thousand inhabitants. Such significant losses re-
quire appropriate compensation by runoff, which
is currently insufficient, creating a ‘vicious circle’
in the cause-and-effect cycle.

Consequently, any contemporary design of
water storage reservoirs for supplying water to
settlements necessitates addressing the challenge
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of stabilizing their hydrological and hydrochemi-
cal state. The most advanced solution to this is-
sue involves directing water into underground
reservoirs, which serve as the primary means of
accumulating and preserving fresh water reserves
in the Desert zone. An intermediate alternative in-
cludes artificial deep water storage reservoirs with
the smallest possible water surface area. An illus-
trative example is the Kudryavtsivske reservoir,
boasting a volume of 1.19 million m? and covering
an area of 9.2 hectares. This reservoir was strategi-
cally created in a narrow canyon (up to 11 m deep)
at the summit of the Mertvovid River (Fig. 1).
The studied characteristics of this reservoir
(Fig. 1), created for regulating runoff from the up-
per reaches of a small river, indicate the success
of the project and its suitability for water storage
purposes. Narrow and deep flowing water bodies
with a small surface area are optimal for storing
reserves of clean, flowing, and oxygen-saturated
water with minimal filtration (rocky shores and
riverbeds) and evaporative losses. Moreover, such
water bodies provide favorable conditions for
fisheries, requiring only the control of ichthyofau-
na density or its support through artificial feeding.
A detailed examination of existing channel
ponds in the left bank of the Buzk Lowland, in
comparison with the Kudryavtsivske reservoir,
demonstrates their limited suitability for drink-
ing water storage tasks. This limitation arises
from neglecting the specifics of draining water-
courses originating in highland areas belonging
to the southern slope of the Ukrainian Crystal-
line Shield. They are characterized by significant

surface and underground sediment transport and a
complex ion composition (Hrebin, 2010), ensur-
ing geochemical normalization of the South Pryd-
niprovska Upland. The volumes of such transport
are currently demonstrated by the full-flowing and
fast-flowing Ingul, which maintains the migratory
geochemical balance in the source areas through-
out the year (Yehorova and Mokliachuk, 2014).
If these migratory-main means of geochemical
unloading of the drainage areas are blocked
by artificial dams (barriers), accumulation of
drainage components will occur instead of their
transport. The most problematic consequence
of this is the phenomenon of progressing water
mineralization in river reservoirs, a vivid example
of which is presented in Figure 2.

Yes, against the backdrop of the stability
of indicators for the perennially flowing
Kudryavtsivske reservoir, seasonal hydrochemical
variability in the largest (except for Oleksandrivske
and Sofiivske) reservoirs in the Mykolaiv region —
Yelanetske, Shcherbanivske, and Taborivske — is
significantly pronounced. The main cause of this
phenomenon is the intensive accumulation of
ion discharge from rivers in the valleys of Hnilyi
Yelants and Mertvovid, partly stimulated by their
negative water balance during the limited period.
Small but dynamic plain reservoirs — Yavkynske,
Barmashivske, and Liublinske —are also influenced
by accumulation-drainage phenomena but are
considerably leveled by periodic replenishment
from the Ingul and Ingulets rivers.

Consequently, thepronounced hydrochemical
instability (both long-term and seasonally

Kirovohrad region

Mykolaiv region

Fig. 1. Kudriavtsivske reservoir in the upper reaches of the Mertvovid
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Fig. 2. Seasonal fluctuations in reservoir volume and water salinity occur during flood and return periods

short-term) of water in channel ponds operating
within the studied territory is a significantly
negative factor that noticeably degrades the
consumer quality of accumulated river runoff.
Elevated mineralization of water reserves
in channel ponds of small rivers, especially
during the peak period of their deficit, markedly
complicates the water management potential of
these watercourses. This became a key reason
for the development of regional programs
like "Drinking Water of Mykolaiv Region",
designed for several stages of implementation.
These programs covered various directions for
the development of water supply facilities, but
none of them envisaged the development of
small rivers and their resources (Project, 2019;
Mykolaiv Regional Council, 2019).

The emergence of modern autonomous
filtration water treatment systems and artificial
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filtration methods for drinking water production
has necessitated a review of the fundamental
principles of previous water supply programs
and has brought attention to several technical
issues that are economically significant. The
most efficient approach involves the use of
natural water with a mineralization of 1.5-1.8
thousand mg/dm*® for further purification to
drinking conditions, whereas similar treatment of
water with a mineralization of 3—4 thousand mg/
dm? already requires three times more expenses
per unit volume. This is due to the need for the
accelerated replacement of filtering elements,
payment for excessive electricity consumption,
and working time. Thus, the problem of access
to water reserves with minimal deviation in
hydrochemical composition remains equally
acute and is not addressed by existing reservoirs
and water bodies.
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Taking into account the experience of water
management assessment from surface water bod-
ies of the Mertvovid river basin and relying on
general hydrological principles for the operation
of channel ponds in the steppe zone (Pylypen-
ko, 2007), a principle of cascade-separated wa-
ter use was developed for the rational exploita-
tion of existing water resources. The essence of
this approach lies in creating a tandem of active
channel ponds and small water storage reservoirs
connected by regulated water flow. Water storage
satellite reservoirs, replenished with surface
water, relatively clean, and flotation sedimented,
from the main pond, will be used only to supply
drinking treatment facilities. Small (up to 0.5
million m?) reservoirs are easy to maintain, clean,
and periodically disinfect, meeting the minimum
water quality requirements for drinking and
household needs of the population. In case of flood
threat, the «bloom» of water in the main ponds,
or in case of hydrochemical destabilization, the
water supply to the storage reservoir is blocked,
and it is further used as a closed water reserve.
Therefore, the minimum volume of the satellite
reservoir should contain a 3—4 month supply for a
particular settlement.

A similar, quite complex in real combination,
set of conditions for designing the construction of
a water storage pond was found only in the valley

of the Komyshuvata River, a right tributary of the
Mertvovid. The main water body chosen is the
pond in the village of Serhiivske (Repiakhivka),
located in the valley of the Komyshuvata River,
7 km upstream from the northern outskirts of
Bratske town. The mentioned section of the river
and its features are presented in Figure 3. The
chosen location for creating a satellite pond is a
canyon-like section of the currently empty natural
riverbed, preserved between the left bank of the
valley and the dam of the main pond.

The identified area proposed for the
construction of a small storage reservoir (indicated
in Figure 3 with a red square) represents a section
of the natural riverbed of the Komyshuvata River.
After the construction of the Repyakhivske
channel pond in 1974 (up to a depth of 8 m), the
old channel of the Komyshuvata River serves as
a backup spillway, sometimes activated only in
spring and during summer floods. The perennial
flow of the pond is maintained by the spillway
through a concrete pipe with a diameter of 1.7 m,
embedded in the upper part of the dam (marked on
the diagram with a large dashed line in light blue).

The small Komyshuvata River originates just
above the village of Shyrokyy Rozdol, practically
on the border of the Mykolaiv and Kirovohrad
regions, only 9 km away from reaching the
watershed between Mertvovid and Chorny Tashlyk.

Komyshuvata River

Fig. 3. The planned location of the water storage reservoir in the Komyshuvata River valley
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The total length of the river is 27 km (32 km to the
extreme source point), with a catchment area of
156 km?, and the flow direction is southwest. The
valley widens and deepens significantly from the
top, passing through several rocky canyons in the
middle stream. The largest of them is the canyon
within the village of Serhiivka, below which there
are three more small canyons near the village of
Serhiivske (Repyakhivka). Below the canyons, the
Komyshuvata River valley takes on a channel-like
type, reaching a width of 1.3 km and a depth of
43 m. The average slope of the riverbed from the
source to the mouth is quite significant — 3.6 m/
km. The riverbed is winding, occasionally silted,
and obstructed by dams (Yatsyk et al., 1991). One
of these dams created the Repyakhivske pond,
which, despite its relatively small water surface
area (11 hectares), contains a significant water
reserve (3.2 million m?).

From the village of Obukhivka to the mouth,
located within the village of Bratske (23 km
along the riverbed), the Komyshuvata River flows
perennially. Seasonal measurements (2020-2022)
of the river’s flow volume orient the annual
average indicator (Qavg.) within the range of
0.028 m’/s. Seasonal fluctuations in flow are quite
significant — from 1.12 m?/s in spring to 0.011 m?/s
in September-October. Along with changes in flow
volume, there are changes in mineralization — from

Komyshuvata River

680 mg/dm?® in spring to 1900 mg/dm?® in late
summer-autumn. The examination of the current
Repyakhivske pond and its downstream area,
which is planned for the storage reservoir, allows
for the formation of the project location of the dam
in the ancient channel part of the natural talweg,
without disrupting existing drainage paths (Fig. 4).

The calculated parameters of the main (exist-
ing) Repyakhivske pond are as follows: the dam
height above the upper edge is 96 m above sea
level, the water level is 93 m above sea level, the
height difference from the top of the dam to the
natural bottom of the channel is 11 m, from the
water level to the channel’s bottom is 8§ m. The
elevation of the bottom downstream (at 0.45 km)
of the Repyakhivske canyon is 78 m, the eleva-
tion of the Komyshuvata River bed before the
bridge at the entrance to Bratske is 75 m, and the
water level of the river at its confluence with the
Mertvovid is 72.2 m. The total distance from the
proposed dam to the western outskirts of Bratske
is 5.69 km, and along the channel to the mouth is
7.36 km. The calculated working volume of the
storage reservoir is 250 thousand m® of water,
and the maximum volume (up to the upper cut of
the proposed dam) is 270 thousand m?® of water.
The profile projection of the reservoir heights is
shown in Figure 5, which depicts the heights, the
profile of the natural channel, the existing dam,

Fig. 4. Approximate location of the dam and the storage reservoir below the dam
of the Repyakhivske pond in the channel of the Komyshuvata River
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Fig. 5. Heights and profile of the channel and dam of the existing Repyakhivske pond along with
the proposed dam of the storage reservoir, view from the left bank of the Komyshuvata River

and the proposed dam of the storage reservoir.
The maximum depth of the lower reservoir in
front of the dam is 7.1 m.

The projected area and location of the lower
reservoir are outlined with a red dashed line on
Figure 5 and cover an area of 2.79 hectares, of
which 2.21 hectares is the water surface area when
the reservoir is filled to the working level. A posi-
tive aspect of the location and the proposed struc-
ture of the separating water bodies is the possibil-
ity of using the first, deeper Repyakhivske pond
for primary flotation holding of water with sub-
sequent discharge of the upper, oxygen-saturated
and partially purified waters to the lower storage
reservoir. In addition, the emergency discharge in

emergency water
discharge

right canyon slope

the center of the upper dam remains functional.
The combined discharge capacity of both outlets
is over 300 m*/min, which is three times higher
than the largest recorded flow volumes of the Ko-
myshuvata River.

A more detailed scheme of the construction
of the lower reservoir (storage), emergency dis-
charges, and the overall complex of the proposed
structure is presented in Figure 6, which shows a
top view and a projection of the banks of the Sergi-
ivske canyon. Detailed scheme of the construction
of the lower reservoir, emergency discharges, and
the overall complex of the proposed structure, top
view and projection of the banks of the Sergiivske
canyon. Water intake from the reservoir of the

) 4

Lower pond
dam

Left bank of the
/‘)ergiyevsky Canyon

Fig. 6. The upper and lower ponds and their spillways within Serhiyivka Canyon
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lower pond is planned from the left bank and
will continue to run along the left side of the
Komyshuvata wvalley, allowing gravity water
supply to the outskirts of Bratske village with
further supply to the point(s) of treatment and
supply to consumers. According to preliminary
calculations, considering the spatial structure of
the main facilities requiring significant volumes
of water (cheese factory, schools, enterprises),
the water supply system of the village should
have a separate structure. For this purpose, the
most rational scheme is to distribute the primary
water supply from the water storage reservoir
to three equidistant parts of the settlement. This
arrangement of three reverse osmosis units
in different parts of the village is currently in
operation, but it does not have its water supply and
uses imported water. Another unit is in operation
at school No. 2 and is fully used to meet the needs
of the school. The three existing reverse osmosis
plants produce 12 m® of drinking water daily, but
the project envisages a daily capacity of 30 m’
of treated water. Besides the spatial advantages
of spreading water treatment facilities for the
population, their location in different parts of the
village allows them to cover the needs during the
period of preventive maintenance or repair of one
of the plants, if necessary.

CONCLUSIONS

This study addresses the critical issue of
drinking water supply in rural areas of the northern
part of the Mykolaiv region. The findings lead to
the following conclusions. The study identifies the
primary factors contributing to the drinking water
deficit across the South Prydniprovska Upland.
The artificially accumulated water reserves in
river reservoirs face challenges in long-term
storage due to significant evaporation and the
influence of highly mineralized groundwater.
Evidence indicates an escalation in salinity levels
in the waters of major reservoirs in the region
(Taborivske, Yelanets, Shcherbanivske), limiting
their water management potential.

Seasonal instability and unsuitability for
drinking and domestic use characterize artificially
created surface water reserves sourced from local
river runoff. Specialized multi-stage treatment is
necessary. Presently, the rural population in the
northern part of Mykolaivska relies on local water
reserves for drinking water access. However, the
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shortage of these reserves remains a primary
obstacle to obtaining a sufficient volume of water
suitable for domestic use.

A proposed model for constructing a
water supply system for the village of Bratske
(5,000 inhabitants) accounts for existing water
treatment technologies, local hydrological and
hydrochemical specifics of artificial reservoirs,
and separate water storage. This approach
considers economically favorable conditions for
local drinking and domestic water supply.

The calculated values obtained for water
reserve formation, means of transportation to
consumers, and the principles of organizing
settlement water supply determine the reasonable,
maximum possible economic effect of developing
local water reserves to obtain sufficient volumes
of high-quality water.

Future research prospects involve detailed
exploration of the technological and logistical
complex of local water supply for the northern
districts of the Mykolaiv region, where water
shortages significantly impede socio-economic
development.
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