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SUMMARY

An analysis and generalization of geological, hydrogeological and hydrochemical data was
carried out for three cities in the Carpathian region of Ukraine, the population of which
exceeds 100 thousand people. The availability of their approved operational reserves or
predicted groundwater resources has been determined. Recommendations are given for the
creation of a branched system of local (pump-station) water supply in case of emergency
natural and man-made events or the introduction of martial law. The necessity and relevance
of such studies are indicated by the consequences of Russian aggression, which aimed not
only at the destruction of military, but also critical and civilian infrastructure of our state. The
work is funded by the National Academy of Sciences of Ukraine, and is scheduled for
completion in 2023-2025.
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Introduction

After the outbreak of hostilities in Ukraine, the issue of providing the population with drinking water
became particularly acute due to the lack of stable functioning of a modern centralized water supply
system in emergency situations. Given the high potential risks of damage from massive weapons to
urban agglomerations with a high population density and infrastructure facilities within residential
areas, reliable provision of the social structure with drinking water is one of the most important
factors in the life support of the population.

Groundwater can be just such sources, proven by successful organization of water supply in
conditions of man-made disasters. The features of surface water are the relative ease of obtaining it in
sufficient quantities, but at the same time high vulnerability to various types of pollution, sensitive
response to weather conditions and the need for long-term water treatment. The quantity and quality
of groundwater mainly depend on geological and hydrogeological conditions, but unlike surface water
they are characterized by significantly greater protection from pollution, high quality and constant
volumes of reserves. Thus, the vital need to build a layered water supply system (centralized and
local) in Ukraine, which would be as stable as possible in case of any emergency situation, including
those caused by military actions, is clear.

Method and Theory

The purpose of the work was to develop principles and provide recommendations on the issues of
operational preparation and implementation of measures to provide local (pumping station) water
supply systems for cities with a population of 100,000 in Ukraine in order to prevent and minimize
the possible consequences of natural and man-made disasters or military operations.

In this case, the only alternative source of water supply to the population of Ukrainian cities is
confined groundwater, protected from direct inputs of pollutants, having a chemical composition,
physicochemical and microbiological parameters that are stable over time (Sanina and Luta, 2021;
Shevchenko et al., 2022; Shestopalov, 2022).

Considering the situation with the use of operational reserves and predicted groundwater resources in
Ukraine, we can note powerful drinking water reserves, which are a reliable basis for increasing
groundwater production to meet the drinking water needs of industry and the population. For this
purpose, the unused part of the explored operational reserves of groundwater can be used. Despite
their very uneven distribution throughout the state, it is possible to complete the task. To do this, for
territories where there are no explored groundwater deposits, it is necessary to specifically consider
the hydrogeological conditions and carry out appropriate prospecting and exploration work.

Methodologically, the research consisted of collecting, analyzing and summarizing the results of
studying the geological, hydrogeological and hydrochemical conditions of cities with a population of
over 100,000 and their adjacent territories, as well as data on approved operational reserves and
predicted resources of groundwater in the research area. Proposals were made to create a local (pump-
station) water supply network for the population. Note that in peacetime, the local water supply
system will operate as a component of the existing network of centralized household and drinking
water supply.

To carry out the planned research, all cities with a population of over 100,000 were considered within
the hydrogeological regions of groundwater in Ukraine (Shestopalov et al., 2011), which made it
possible to reliably determine the conditions for the formation of reserves and resources of
groundwater, and, if necessary, to apply the analogy method.
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Results

In the presented theses the authors consider the cities with population of over 100,000 located in the
Carpathian region of Ukraine. The hydrogeological province of the folded region of the Ukrainian
Carpathians is located in the southwest of Ukraine within the young folded region of the Carpathians,
the Zakarpatskyi Foredeep and the Prykarpatskyi foothill Foredeep and covers the Zakarpattia Region,
the central and southern parts of the Lviv Region, Ivano-Frankivsk Region and Chernivtsi Region.
The territory of the province is determined by complex hydrogeological conditions, due to the great
diversity of features of the geomorphological and geological structure, which causes the irregular
distribution of aquifers, the complexity of their relationships in cross-section and the horizontal
unevenness of watering. The presence of saline and a significant amount of clay formations in the
Prykarpatskyi Foredeep, the dissection of the relief, structural disturbances and low filtration and
capacity properties of rocks in the Carpathians do not contribute to the accumulation of a significant
amount of groundwater. The region is the most humid in Ukraine, with the most favorable conditions
for the formation of natural water resources (State of groundwater. Yearbook, 2021).

The main source of water supply in the Carpathian province is a widespread aquifer of Quaternary
deposits, the groundwater resources of which are formed mainly due to the infiltration of atmospheric
precipitation. In some areas in the Zakarpatskyi Foredeep, this horizon was assessed together with the
underlying groundwater of the Pliocene volcanogenic rocks. All groundwater has a mineralization of
up to 1000 mg/dm’. Within the study area there are three cities with a population of over 100
thousand people: Uzhhorod, Chernivtsi, [vano-Frankivsk.

The city of Uzhhorod is the regional center of the Zakarpattia region with a population of 115,542
thousand people (as of 01.01.2021). Water supply to Uzhhorod is carried out at the expense of the
operational reserves of groundwater of the Uzhlatorytske deposit and surface waters of the Uzh river.
Currently, the Uzhlatorytske deposit is represented by four sites: Mynai, Haloch, Latorytsia and
Uzhhorod 2. The Mynai, Haloch and Uzhhorod 2 sites are located 3-6 km to the south and southwest
of the city in the interfluve of the Uzh and Latorytsia rivers, the Latorytsia site is located 15.5 km to
the south in the Latorytsia River valley.

In geostructural terms, the deposit area is located within the northern edge of the Chop-Mukachivska
depression, on the territory of the Zakarpatskyi Foredeep of the Carpathian folded region. The
geological structure of the area includes a thick layer of marine, continental and volcanogenic
formations of the Neogene and Quaternary ages. According to hydrogeological zoning, the deposit
area belongs to the 1st order basin - the hydrogeological province of the folded region of the
Ukrainian Carpathians and then, in turn, to the Zakarpatskyi artesian basin of the 2nd order, confined
to the Zakarpatskyi Foredeep.

The aquifer in the lacustrine-alluvial deposits of the Minai suite of the Middle-Upper Pleistocene age
(1aPy.m mn) and in the alluvial deposits of the Upper Neopleistocene - Holocene age (aPi-H) is of
practical importance for the centralized water supply of the city of Uzhhorod. The main sources of
formation of operational reserves of groundwater are capacitive and dynamic resources formed due to
infiltration recharge in the area of development of depression and lateral inflow of transit underground
flow. Discharge of the groundwater flow is carried out in the Tysa River and its tributary.
Development of operational reserves of groundwater in the areas of the Uzhlatorytske deposit is 9%
of the approved ones. At the same time, the Haloch and Latorytsia sites remain undeveloped.

Based on the city population (115.5 thousand people), water supply standards per person during
possible emergencies or military actions (5-7 liters per day), as well as the number of people that can
be served from one pump-station (3-5 thousand city residents), the corresponding calculations were
made. They showed that a maximum of 0.8 thousand m*/day of groundwater will be used to organize
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the local water supply of the city. Note that groundwater exploration was not carried out in Uzhhorod
itself. However, based on the materials provided, one can expect a fairly high water enrichment of the
aquifer in the lacustrine-alluvial deposits of the Minai suite of the Middle-Upper Neopleistocene age.
But a set of geological exploration works should be carried out, as provided for by the regulatory
document (Regulations on the stages..., 2001).

The city of Chernivtsi is the regional center of the Chernivtsi region with a population of 265,471
thousand people (as of 01.01.2021). Water supply to Chernivtsi is carried out at the expense of the
operational reserves of groundwater of the Chernivetske deposit and surface waters of the Dnister
River. Currently, the Chernivetske deposit is represented by nine sites: Dubovetska 1, Dubovetska 2,
Luzhanska, Lenkivska, Mahalivska, Nepolokivska, Novolenkivska, Bila and Berehova. Within the
city of Chernivtsi, there are two sites of the Chernivetske deposit (Lenkivska and Berehova) and a site
of the Bukovyna deposit (Bukovyna 1). The Lenkivska and Bukovyna 1 sites are located on the
northwestern outskirts of the city, on the left bank of the Prut. The Berehove site is located on the
western suburbs of the city, on the Prut River. Other sites are located 2.5-19 km from the city.

In geostructural terms, the territory covers the marginal parts of the southwestern slope of the East
European platform and the Outer Zone of the Peredkarpatskyi Foredeep (Carpathian
Megaanticlinorium). Geological construction of these structures includes metamorphic and igneous
rocks that form the foundation of the ancient platform, as well as a thick Phanerozoic sedimentary
cover. According to structural features and hydrogeological conditions, the territory is divided into
hydrogeological regions: the Volyno-Podilskyi and Peredkarpatskyi artesian basins.

Groundwater in this area is confined to Cretaceous, Neogene and Quaternary deposits. The use of
groundwater in Cretaceous and Neogene deposits is limited due to high mineralization. The main
aquifer is associated with alluvial deposits of floodplains and above-floodplain terraces of rivers. It is
widely developed both on the platform and in the Peredkarpatskyi Foredeep. The aquifer in alluvial
deposits of the Holocene floodplains and I-III above-floodplain terraces of the Upper Neopleistocene
(a’H-a'"Pyy) of the Prut River is of practical importance for the centralized water supply of
Chernivtsi. The development of operational reserves of groundwater deposits explored for water
supply of the city of Chernivtsi is 8% of the approved reserves.

Based on the standards for water supply to the population during military operations, a maximum of
1.9 thousand m*/day of groundwater will be used to organize local water supply to the city, which is
14.6% of the operational reserves that are not currently used. But you should keep in mind that all
explored areas in the city are located near the river Prut (on the left bank). All wells are installed in
aquifer associated with alluvial deposits of floodplains and above-floodplain terraces of the Prut
River. Therefore, based on the more or less uniform construction of wells for local water supply to the
city, certain exploration work should be carried out (Regulations on the stages..., 2001) to establish
the presence and water enrichment of the productive aquifer. At the same time, it should be kept in
mind that the underlying aquifers (Neogene and Cretaceous) may have increased mineralization.

Ivano-Frankivsk city is the regional center of the Ivano-Frankivsk region with a population of 237,855
thousand people (as of 01.01.2021). To meet the household and drinking needs of the population and
individual enterprises in the Ivano-Frankivsk region, the Cherniivske, Shevchenkivske,
Tysmenychanske, Drahomyrchanske and Ivano-Frankivske 1 groundwater deposits have been
explored (Fig. 1). Only the last of the listed deposits is located within the city limits.

In geostructural terms, the territory covers the marginal parts of the structures of the southwestern
slope of the East European platform and the Outer Zone of the Peredkarpatskyi Foredeep (Carpathian
Megaanticlinorium). The geological constructure of these structures includes metamorphic and
igneous rocks that form the foundation of the ancient platform, as well as a thick Phanerozoic
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sedimentary cover. According to structural features and hydrogeological conditions, the territory is
divided into hydrogeological regions: the Volyno-Podilskyi and Peredkarpatskyi artesian basins.
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Figure 1 Sites of Cherniivske, Shevchenkivske, Drahomyrchanske and Ivano-Frankivskel
groundwater fields with explored operational reserves in the Ivano-Frankivsk region: 1 — exploited
sites, 2 — unexploited sites, 3 — border of the Ivano-Frankivsk city territorial community.

Groundwater in this area is confined to Cretaceous, Neogene and Quaternary deposits. The use of
groundwater in Cretaceous and Neogene deposits is limited due to high mineralization. The problems
of water supply of settlements and industrial enterprises within the Ivano-Frankivsk city region are
currently solved mainly by using groundwater in alluvial deposits. The development of operational
reserves of groundwater deposits explored in the Ivano-Frankivsk city region is less than 1% of the
approved reserves in the amount of more than 180 thousand m*/day. To organize local water supply of
the city, it is necessary to have up to 1.7 thousand m*/day of groundwater.

But it should be kept in mind that all explored areas and individual wells in the city exploit the aquifer
associated with alluvial deposits of the floodplains and above-floodplain terraces of the river
Bystrytsia Nadvirnianska. Therefore, based on the more or less uniform construction of wells for local
water supply of the city, certain exploration work should be carried out (Regulations on the stages...,
2001) to establish the presence and water enrichment of the productive aquifer. It should be kept in
mind that the underlying aquifers (Neogene and Cretaceous) may have increased mineralization.

Conclusions

1) The hydrogeological province of the Ukrainian Carpathians folded region has very complex
geological and hydrogeological conditions. The city of Uzhhorod is located within the Zakarpatskyi
Foredeep, the cities of Chernivtsi and Ivano-Frankivsk are partly in the zone of the Peredkarpatskyi
Foredeep, and partly in the Podilskyi hydrogeological region;
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2) The main aquifer, which can provide local (pump-station) water supply to the population of the
listed cities, belongs to the Quaternary deposits (Neopleistocene-Holocene);

3) The amount of groundwater that needs to be drawn for local water supply of the population ranges
from 0.6 to 1.9 thousand m*/day;

4) To confirm the possibility of extracting the declared amount of groundwater, it is necessary to carry
out a cycle of exploration work, as provided for in the (Regulations on the stages..., 2001);,

5) Issues related to the organization of local water supply to the cities of Uzhhorod, Chernivtsi, Ivano-
Frankivsk (location of pump-stations, drilling wells, autonomous power supply, possibly installation
of compact systems for improving water quality, financing of planned work, etc.) should be resolved
with local authorities with the involvement of specialists from enterprises with experience in
implementing planned work.
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