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SUMMARY 

Studies were conducted as part of the EU-WATERRES (EU-integrated management system 

of cross-border groundwater resources and anthropogenic hazards; www.eu-waterres.eu) 

project, funded by the EEA and Norway Grants Fund for Regional Cooperation. The project 

aims to increase the capacity of public institutions to manage transboundary groundwater 

resources by creating an integrated information platform, introducing new data analysis tools 

and solutions for coordinated management and integrated groundwater protection. 

As part of the assessment of the resources of transboundary groundwater reservoirs, an 

analysis of hydrogeological conditions in the entire border section was presented on the basis 

of integrated data between neighboring countries. As a result, target areas of detailed 

modeling studies with significant transboundary flow in usable aquifers were identified and 

the first conceptual hydrogeological model of TBAs was developed. 

As part of the assessment of transboundary groundwater flows, the extent of the area 

particularly sensitive to transboundary impacts on groundwater was presented. The structure 

of TBAs and the spatial distribution of its basic hydrogeological parameters were visualized - 

the coefficient of filtration, alimentation, piezometric surfaces. The developed maps, 

calculation and simulation results will ultimately be used to solve problems related to the 

ownership, use, access and protection of transboundary groundwater resources in the pilot 

border areas.  
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Introduction 

 

The global identification of TBAs (Transboundary aquifers) began in 2000. According to the results 

of this assessment, presented by IGRAC (International Groundwater Resources Assessment Center), it 

is estimated that there is a total of 591 TBAs in the world, including 317 in Europe. 

Within the framework of the EU-WATERRES project, the assessment of transboundary groundwater 

resources was performed in two pilot areas - Polish-Ukrainian and Latvian-Estonian borderland. Both 

territories are different from natural conditions (terrain, geological and hydrogeological conditions) 

and from a socio-economic point of view (land use, perspective, water management, etc.). 

In the Polish-Ukrainian borderland, only the transboundary groundwater reservoir within the Bug 

river’s basin has been qualified to the world list of TBAs (IGRAC, 2015). On the other hand, scientific 

publications present the premises allowing to justify the hypothesis of the existence of transboundary 

flows within other catchments apart from the Bug River. With this in mind and the problems related 

to the intensive intake of groundwater in the Polish-Ukrainian border zone as a result of mining 

drainage in the region of Lublin and the Lviv-Volyn Coal Basin, as part of the international EU-

WATERRES project, the development of the concept of coordinated management and harmonized 

monitoring of TBAs was initiated. The first stage of the work is to assess the transboundary 

groundwater flows and identify the areas of TBAs with significant potential for groundwater 

exchange between Poland and Ukraine (Geological map, 2017). A reliable calculation in this respect 

was possible only with the use of numerical hydrodynamic models. The basis of these numerical 

models was a conceptual hydrogeological model as a description of the structure and natural and 

anthropogenic factors that shape the groundwater circulation system. 

The conducted research has been focused on characterizing the hydrogeological conditions in the 

entire border section on the basis of integrated data between Poland and Ukraine, with the aim of 

identifying the target area where there is significant transboundary flow in the usable aquifers 

(Solovey et al., 2021). 

 

Method 

The results of the research on the transboundary groundwater reservoirs of the Polish-Ukrainian 

borderland allowed to establish the existence of two more (except Bug river’s basin) transboundary 

groundwater reservoirs catchments - the San and Dniester (Figure 1). 

 
Figure 1 Polish-Ukrainian transboundary groundwater reservoirs within the Bug, San and Dniester 

River catchment areas 
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Carrying out hydrogeological identification and defining transboundary aquifers begins with 

harmonization of hydrogeological spatial data between neighboring countries. The key data are the 

spatial diversification of the development and hydrogeological properties of the usable aquifers, the 

mapping of the hydroisohypses surface and the thickness of the aquifers with an accuracy at least 

appropriate for a 1: 50,000 scale maps. Creation of integrated maps of the distribution of the above 

hydrogeological characteristics and maps supporting the analysis - lithostratigraphic, hydrographic 

geomorphology is the basis for identifying transboundary aquifers. The definition of the 

transboundary nature of an aquifer is carried out on the basis of the criterion of the potential for 

groundwater exchange between neighboring countries. In this regard, it is proposed to consider the 

division of the groundwater exchange potential determined based on the water conductivity parameter 

of the aquifer into: 

• significant - water conductivity  50 m² /24h;  

• average - water conductivity  20 m² /24h;  

• negligible - water conductivity ˂ 20 m².   

Lack of groundwater exchange is stated in the case of identifying a "tight" boundary for the 

groundwater flow, which is formed by the watercourses draining a specific aquifer and watersheds.  

 

Stages of identification of the conditions of the occurrence of transboundary aquifers constituting the 

basis for the implementation of hydrogeological regionalization are: 

1. Determining the type and extent of basic geomorphological forms (hydrodynamic zones) 

within the areas of transboundary aquifers.  

2. Elucidation of the main hydrological parameters of catchment basins.  

3. Identification of common large tectonic structures of the transboundary territory.  

4. Stratigraphic and lithological identification of transboundary geological formations.  

5. Identification of useful transboundary aquifers that meet the criterion of significant and 

average potential for groundwater exchange between neighboring countries.  

6. Investigation of spatial (lateral and vertical) characteristics of aquifers.  

7. Initial studies of hydrodynamic and hydrochemical parameters of these useful aquifers.  

8.  Determining the boundaries of transboundary aquifers (Solovey et al., 2021). 

 

Results 

The results of the modeling allowed for the determination of piezometric surfaces for two aquifers, 

the hydrodynamic relationship between them and the identification of the zones of transboundary 

groundwater flow.  

Illustrative maps of the calculated hydroisohips of the groundwater table for both aquifers of the 

model are presented below (Figures 2-3). 

 
Figure 2 Hydroisohps calculated for layers I of the aquifers of the model 
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Figure 3 Hydroisohips calculated for layers II of the aquifers of the mode 

 

It should be noted that some of the blocks of layer I are dry-dark gray. This is natural because the 

ranges of layer I were determined on the basis of the extent of lithogenetic separations (sandy alluvial 

formations), often devoid of any hydrogeological recognition. The general dependence of the water 

table in the first layer on the morphology of the terrain and the decline of surface watercourses as well 

as its "mosaic" nature is visible. This is especially evident in the San catchment area.  

 

In layer II, the hydroisohypses system confirms the regional continuity of the aquifer, despite the 

changing lithogenetic formation and stratigraphy of the sediments that build it (Geological map, 

2017).  

The layout of piezometric surfaces in Figures 2 and 3 shows the groundwater circulation system in the 

transboundary parts of the Bug and San catchment areas. The distribution of the water table in layers I 

and II is determined by the river network. These figures show that the groundwater circulation system 

consists of a number of local systems related to the catchments of watercourses of a lower order than 

the Bug and San. In the model area, the watershed zone between the basins of the Bug and San 

underground waters is the Roztochia region. In this area, the piezometric surface of the main usable 

aquifer (layer II of the model) reaches its highest elevation - 290 m a.s.l. From Roztochia, 

groundwater outflow takes place in two opposite directions - to the north-east in the Bug catchment 

area and to the west and south-west in the San catchment area. Thus, there is a general separation of 

the directions of cross-border flows. In the Bug basin, the transboundary groundwater flow is directed 

mainly to Ukraine, while from the San basin - to Poland.  

For individual catchments, on the basis of calculations of the piezometric surface, the spatial extent of 

the main hydrodynamic zones - supply, transit and drainage - was determined (Figure 4). These 

figures show that the main drainage base for both model layers is Bug and San respectively. At the 

same time, the Sołokija and Rata rivers in the Bug basin and the Lubaczówka, Szkło, Wisznia and 

Wiar rivers in the San basin play a minor drainage role. The elevation of the water table in the 

drainage zones of the Bug and San are at the same level - 180-210 m a.s.l. (Solovey et al., 2021). 

 

Conclusions 

The transboundary groundwater flow in the main usable aquifer between Poland and Ukraine occurs 

not along the entire length of the border, but is concentrated on a specific section discussed in detail in 

the presented model study (Figure 4). The location of this section can be marked with two extreme 

points: starting from the place where the Bug River ceases to be a border river and turns towards 
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Ukraine to the border point marked No. 430A on the watershed between the rivers Wyrwa and 

Łopuszanka. 

 
Figure 4 Hydrodynamic zones in the model area 

 

With regard to the main usable level, the total amount of groundwater runoff from Poland to Ukraine 

is 42,350 m
3
 /24h, and broken down by the Bug and San basins - 32,981 m

3
 /24h and 9,369 m

3
 /24h, 

respectively. On the other hand, the inflow to Poland from Ukraine amounts to 27,924 m3 /24h, and 

broken down into the catchment areas of the Bug and San - 11,632 m
3
 /24h and 16,292 m

3
 /24h, 

respectively. The highest flow intensity is observed within the transit zone shown in Figure 4. 

The amount of groundwater outflow from Ukraine to Poland is 27,924 m3 /24h, and broken down into 

the catchment areas of the Bug and San - 11,632 m3 /24h and 16,292 m
3
 /24h, respectively. On the 

other hand, the inflow to Ukraine from Poland amounts to 42,350 m
3
 /24h, and broken down into the 

Bug and San basins - 32,981 m
3
 /24h and 9,369 m

3
 /24h, respectively. 

As a result of the balance calculations, it was unequivocally proved that the inflow of groundwater 

from Poland to Ukraine is more than 1.5 times greater from the main usable layer than from Ukraine 

to Poland. This finding is of particular importance for the further interpretation of possible 

transboundary impacts on a common useable aquifer (Solovey et al., 2021). 
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