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SUMMARY 

The analysis and generalization of geological, hydrogeological and hydrochemical data for 
eight cities of Ukraine, whose population exceeds 100,000 people, were performed. The 
availability of approved operational reserves of groundwater or predicted groundwater 
resources for these cities has been determined. Recommendations are provided for the 
creation of an extensive system of local (pump-station) water supply in case of extraordinary 
natural and man-made or military events. The necessity and relevance of such studies are 
indicated by the consequences of Russian aggression, which is aimed not only at the 
destruction of the military, but also the critical and civil infrastructure of our state. The works 
are funded by the National Academy of Sciences of Ukraine. The implementation of works is 
planned for 2023-2025. Possibilities of local (pump-station) water supply of Lviv, Ternopil, 
Khmelnytskyi, Lutsk, Rivne, Kherson, Mykolaiv, Zaporizhzhia cities were considered first. It 
is planned to continue these studies for other cities. 
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Introduction 
 
After the beginning of russia’s aggression in Ukraine, the issue of providing drinking water for 
population with became particularly acute due to the destruction of a stable centralized water supply 
system in a number of cities. Considering the high potential risks of massive enemy fire attacks of 
urban agglomerations, a reliable supply of drinking water is one of the most important factors in the 
life support of the population. Military actions have already led to the destruction of city water 
withdrawals and a water humanitarian catastrophe in Mariupol, Mykolaiv and other cities. This 
indicates the need to create reliable and resistant to emergency situations (including military actions) 
water supply systems with backup water sources and means of supplying water to the consumption 
network (Shestopalov, 2022). 
 
Groundwater can be precisely such source, verified by the successful organization of water supply in 
conditions of man-made disasters. In contrast to surface waters, groundwater is characterized by 
significantly greater protection from pollution, high quality and constant volumes of reserves. 
 
The degree of use of certain types of water resources depends, among other things, on the 
management system and the so-called water culture of the state. European countries with similar 
natural hydrological and hydrogeological conditions actively use groundwater fields, the share of 
which in public water supply is twice or three times greater than in Ukraine. At the beginning of 2022, 
more than seven hundred explored groundwater fields were registered in Ukraine, the annual volumes 
of use of which do not reach ten percent (Geoinform of Ukraine, 2021; Sanina and Lyuta, 2021). 
 
According to the results of the regional assessment, the predicted groundwater resources of Ukraine 
are 61689.2 thousand m3/day (Geoinform of Ukraine, 2021). The volume of unused predicted 
groundwater resources in Ukraine is 58113.273 thousand m3/day (94.2%). The information presented 
above indicates great potential for expanding the use of groundwater in almost all regions of Ukraine. 
 
Consequently, the vital need to build a layered water supply system (centralized and local) in Ukraine, 
which would be as stable as possible in the event of any emergency, including those caused by 
military actions, is clear. 
 
Objectives and methods 
 
The purpose of the work was to develop principles and provide recommendations on the issues of 
operational preparation and implementation of measures to provide, first of all, cities of Ukraine with 
a population of one hundred thousand inhabitants or more with a local (pump stations) water supply 
system in order to prevent and minimize the possible consequences of natural and man-made disasters 
or military actions. In this case, the only alternative source of water supply to the population of 
Ukrainian cities is confined groundwater, protected from direct contamination, having a stable 
chemical composition, physicochemical and microbiological parameters (Shestopalov, 2022; Sanina 
and Lyuta, 2021; Shevchenko et al., 2022). Considering the situation with the use of operational 
reserves and predicted groundwater resources in Ukraine, we can note rich drinking water reserves, 
which are a reliable basis for increasing groundwater extraction 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 developed.  
 
Methodologically, the research consists of collecting, analyzing and summarizing the results of 
studying the geological, hydrogeological and hydrochemical conditions of cities with a hundred 
thousand inhabitants or more and adjacent territories, as well as data on the approved operational 
reserves and predicted resources of groundwater in the research area. Proposals have been made to 
create a network of local (pump station) population water supply. 
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According to various estimates, drinking and cooking per person accounts for 5-7 liters of water per 
day. That is, for a city with a population of 100,000 or more people (there are 44 of them in Ukraine 
as of January 1, 2021), only 500-700 m3 of drinking water per day is enough. Solving this problem, 
even in conditions of shortage of protected groundwater of drinking quality, is possible in most cases. 
At the same time, the construction of pump stations should take place in secure facilities, and not in 
the form of small architectural forms, as it is in Kyiv. 
 
Results 
 
Currently, we have studied 8 cities of Ukraine, of which 5 (Rivne, Ternopil, Khmelnytskyi, Lutsk, 
Lviv) are located within the Volyno-Podilskyi artesian basin, 2 (Kherson, Mykolaiv) are within the 
Prychornomorskyi artesian basin, 1 (Zaporizhzhia) – within the Ukrainskyi shield (Shestopalov et al., 
2011). 
 
In hydrogeological terms, the Volyno-Podilskyi artesian basin is characterized by favorable 
conditions for the formation of predicted groundwater resources and, as a consequence, by presence 
of water-enriched aquifers that make up a thick zone of fresh water. Water supply to all cities with a 
population of 100,000 and more located within the Volyno-Podilskyi artesian basin is provided by 
groundwater. At one time, in order to provide these cities with drinking water, operational 
groundwater reserves were explored and approved by the State Reserves Committee (SRC) of the 
USSR or the SRC of Ukraine in several areas, located both within the cities themselves and in the 
adjacent territories. As an example, the figure 1 shows the location of water intakes in Lviv city. This 
city can serve as an example of organizing a centralized water supply. 

 
Figure 1 Groundwater field sites with explored operational reserves for Lviv city water supply. 
Groups of groundwater field sites in Volyno-Podilskyi artesian basin: 1 – Lviv city group,  
2 – Northern group, 3 – Western group, 4 – Eastern group, 5 – Southern group;  
Groundwater field site in Peredkarpatskyi artesian basin: 6 – groundwater field in river valley;  
7 – exploited sites, 8 – unexploited sites, 9 – border of the Lviv city territorial community. 
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To organize local water supply, we considered only those groundwater fields or their sites that are 
located within the studied cities. The calculation of number and flow rate of local water supply points 
of the population of the cities is given in Table 1. 
 
Table 1 Determination of number and flow rate of local water supply points of the population of the 
cities of Ternopil, Rivne, Lutsk, Khmelnytskyi, Lviv during possible emergencies or military 
operations 

City 

Popula-
tion size, 
thousand 
people 

Geolo-
gical 

index of 
produ-
ctive 

aquifer 

Water 
supply 

standard 
per 

person, 
l/day 

Population 
assigned to 
one pump 

station, 
thousand 
people 

Requi-
red 

number 
of pump 
stations, 

pcs. 

Flow 
rate of 

one 
pump 

station, 
m3/day 

Total 
flow rate 

of all 
pump 

stations, 
m3/day 

Develop-
ment of 
unused 
ground-
water 

reserves, 
% 

Ternopil 224,0 K2 5-7 3-5 45-75 15-35 1125-
1575 7 

Rivne 245,0 K2, V2, V1 5-7 3-5 49-82 15-35 1225-
1715 2,3 

Lutsk 217,0 K2, K2+ 
D 5-7 3-5 43-72 15-35 1080-

1510 7 

Khmel-
nytskyi 274,5 K2, V 5-7 3-5 55-91 15-35 1365-

1925 24,5 

Lviv 721,5 K2, N1+ 
K2 

5-7 5 144 25-35 3600-
5040 58 

 
A different picture is observed in cities located within the Prychornomorskyi artesian basin (Kherson, 
Mykolaiv) and the Ukrainian shield (Zaporizhzhia). In the city of Kherson and in the adjacent 
territories, almost 300 thousand m3/day of operational groundwater reserves in the Neogene aquifer 
have been explored and approved, production of which is about 52 thousand m3/day. The main 
problem is the partially increased mineralization of these waters, which is very variable within the city 
(mainly 1-3 g/dm3, sometimes up to almost 5 g/dm3). At the same time, it should be noted that 
changes in hydrodynamic and hydrogeochemical conditions due to the destruction of the Kakhovska 
hydroelectric power station dam can lead to a deterioration in the quality of groundwater in the 
aquifer in Neogene deposits (Sanina and Lyuta, 2023). But if local water use points for the population 
of the city of Kherson will be equipped with portable water quality improvement systems, then 2.0 
thousand m3/day of groundwater will be sufficient for the needs of the entire city. 
 
As for the city of Mykolaiv, there are several sites that are located 3-6 km from the city, which were 
taken into account in the mathematical modeling of this area (Shestopalov et al, 2019). The predicted 
groundwater resources in Neogene deposits are 35.6 thousand m3/day (according to a regional 
assessment carried out in 1973-1977). In the city, as of 2021, there were 42 wells that collected 
groundwater from the Sarmatian aquifer with a mineralization of 1.5-5.4 g/dm3 (mostly up to 
3 g/dm3). The total water intake reached 1.5 thousand m3/day. During the active phase of military 
operations, additional wells were drilled that need to be taken into account. For a city with a 
population of 476 thousand people, it is necessary to equip from 100 to 150 local water supply points 
for the population with a total water intake of up to 3.3 thousand m3/day of groundwater with its 
special water treatment. These figures are preliminary and will be confirmed with local authorities. To 
solve this problem, prospecting and exploration work should be performed (Regulations on the stages 
of geological exploration works on groundwaters (hydrogeological works), 2001). 
 
Regarding the city of Zaporizhzhia, we note that the city has a small number of wells exploiting the 
Precambrian aquifer. Their flow rates are 43-173 m3/day and can supply water from 8,000 to 34,000 
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people. A significant part of the required amount of water in the local water supply network can be 
provided from groundwater, subject to prospecting and exploration work within the city. In general, 
the daily need for water, subject to the occurrence of natural and man-made emergencies or the 
introduction of martial law, is 5.1 thousand m3 taking into account the pre-war amount of population. 
Conclusions 
1. All cities with a population of more than 100 thousand people (Ternopil, Lutsk, Rivne, Lviv, 
Khmelnytskyi), geographically located within the Volyno-Podilskyi artesian basin, can build a local 
(pump station) population water supply system, using already approved operational reserves of 
drinking groundwater. 
2. In Kherson city the approved operational reserves of groundwater in the Upper Sarmatian aquifer 
make it possible to develop a local water supply system. But the water quality in some places does not 
meet established standards. Before transferring water to consumers, it is necessary to carry out special 
water treatment. 
3. In the cities of Mykolaiv and Zaporizhzhia, in order to organize local water supply for the 
population using groundwater, prospecting and exploration work should be carried out, taking into 
account the data from wells drilled in 2022, 2023. 
4. Issues related to the organization of local water supply of Ukrainian cities (location of pump 
stations, drilling wells, autonomous power supply, installation of compact water quality improvement 
systems, financing of planned work, etc.) should be resolved with local authorities with the 
involvement of specialists from enterprises with experience performing work similar to those planned. 
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