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SUMMARY 

The deterministic method of mathematical modeling for predicting the development of 
hydrogeological processes in space and time under the influence of natural and anthropogenic 
factors is of the greatest interest. The implementation of the finite difference method in 
hydrogeological modeling is most often carried out using the well-known Processing Modflow 
software package. The determination of hydrodynamic heads at the stage of epignosical 
modeling plays a key role in improving the accuracy of predictive hydrogeological modeling. 
The underground water table surface is adjusted mainly by refining the values of geofiltration 
parameters, infiltration feeding intensity or flow rate. The coincidence of field and model 
results of hydrodynamic head determination at a limited number of points is usually a criterion 
for modeling accuracy. 
To increase the reliability of the spatial location of the undergroundwater tabel surface, the 
authors recommend using the standard Darcy Flow module of the ArcGIS software package. 
The geofiltration deterministic model created in this way can be used in the predictive modeling 
of groundwater flow, which corresponds quite accurately to real conditions. The calculations 
confirm the feasibility of the integrated use of the Darcy Flow module in the ArcGis 
environment and the Processing Modflow software package. This approach allows to 
significantly optimize the process of practical application of the deterministic finite difference 
method in modeling groundwater flows using engineering and geological survey data and to 
increase the reliability of the geofiltration deterministic model. 
 



Monitoring’2025   

 

 

XVIII International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
14–17 April 2025, Kyiv, Ukraine 

 

Introduction 
 
When processing actual hydrogeological monitoring data or engineering geological surveys, the key 
issue is to reproduce the hydrodynamic head surface of the respective aquifer or complex as accurately 
as possible. Such reproduction (construction of isoline images) is currently carried out either with the 
help of specialized software tools (Surfer, ArcGis, etc.) or by mathematical modeling of geofiltration 
(solving the inverse problem, most often with the help of the Processing Modflow software tool).  
 
The choice of the method of reproduction and the reliability of isoline constructions of the 
hydrodynamic head surface depend on the type and completeness of the actual information available to 
the researcher. A typical situation is when such information is limited, and obtaining additional data 
requires significant financial costs. Therefore, the process of surface reconstruction is influence by such 
subjective factors as the experience and qualifications of the performers. All this can significantly affect 
the accuracy and validity of predictive geofiltration calculations.  
 
The authors of this paper propose and substantiate an approach that allows to increase the reliability of 
the isoline construction of the surface of the hydrodynamic head of the first aquifer (groundwater) from 
the ground surface by using the known capabilities of ArcGis (Darcy Flow module) and the Processing 
Modflow software tool in order to further predict possible local changes in the depth of groundwater 
occurrence due to construction (Wang et al., 2014). 
 
As a result of synthesizing available data and knowledge about the groundwater system, a model can 
be created that will allow making reliable forecasts based on correct input model data of the natural 
environment. At the same time, it is the creation of a reasonable mathematical and cartographic spatial 
and temporal natural hydrogeological model of the territory that is crucial for further modeling.  
 
The use of the Darcy Flow module of the ArcGIS software allows to identify and clarify the conditions 
of groundwater supply and discharge. This makes it possible, on the one hand, to avoid excessive 
schematization of natural hydrogeological conditions, and on the other hand, to take into account the 
complexity and diversity of groundwater flow boundary conditions, to give a more realistic assessment 
of the impact of engineering measures during construction on the hydrogeological conditions of the 
territory (Koshliakov et al., 2019a).  
 
Method and/or Theory 
 
The criterion for the accuracy of groundwater surface reproduction using Surfer or ArcGis 
approximation tools is usually the coincidence with a certain error of the field and calculated results of 
hydrodynamic head determination at a limited number of points corresponding to existing wells, 
boreholes or pits. At the same time, the reliability of the reproduced spatial location of the 
hydrodynamic head surface as a whole is usually not analyzed in detail. Subsequently, such a 
reconstructed surface is used as a base for epidemiological mathematical modeling (Vijay and Singh,, 
2018).  
 
Errors in the surface reproduction, respectively, affect the reliability of the adjustment of the 
geofiltration parameters used for further predictive modeling. In turn, this negatively affects the 
accuracy of calculating the hydrodynamic head surface in predictive modeling. Therefore, to increase 
the reliability of the spatial location of the hydrodynamic head surface, it is advisable to use another 
tool that is as independent as possible from the hydrogeological modeling itself to reproduce the head 
surface. Moreover, such a tool should not be “purely mathematical” (such as approximation), but should 
take into account the understanding of the specifics of the groundwater movement process (Dyniak et 
al., 2019). 
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Results 
The study area is located at the junction of the remnant of the loess-moraine plain and the Dnipro 
lowland of river terraces, namely, the First Floodplain Terrace of the Pre-Finnish-Black Sea and 
Vytachevsko-Bug age (Pryorka) of the Dnipro River.  
 
Quaternary sediments are present in the geological section up to a depth of 42 m, which are represented 
by fluvio-glacial sands, sandy loams and loams overlying the Kyiv Formation sediments (loam, clay, 
marl). The Buchak Formation deposits (sandy loam, sand) lie below.  
 
Groundwater here is contained in water-glacial sediments of the Middle to Upper Quaternary age, 
represented by sands, sandy loams, sandy loams, and sandy loams with sand layers. Eocene marls and 
partially loams are considered to be relatively water-resistant rocks. The peculiarity is that as a result of 
meltwater erosion during the Middle Quaternary Dnipro glaciation, a complex groundwater bearing 
surface was formed, which follows the shape of the relief surface  
 
In the case studing of groundwater movement, the authors recommend using the well-known standard 
Darcy Flow module of the ArcGIS software package. The Darcy Flow module essentially implements 
a balance rather than a deterministic method of modeling the hydrodynamic head surface, based on the 
calculation of groundwater flow according to the basic law of filtration (Darcy's law) (Wang et al., 
2014). 
 
The idea is to first recreate the groundwater surface and the direction of its movement as accurately as 
possible using the balance method using the Darcy Flow module in the ArcGIS environment based on 
the available actual data from engineering and geological surveys (groundwater level in wells, wells, 
porosity and permeability parameters of the stratum, etc.). Then, this recreated surface should be used 
to adjust the values of the geofiltration parameters of the stratum, the intensity of infiltration feeding of 
the groundwater flow or the amount of overflow at the stage of epignosical modeling. (Koshliakov et 
al., 2019b).   
 
The authors applied this approach when predicting changes in the hydrodynamics of the groundwater 
flow under the influence of construction in the territory of Kyiv within the construction site and in the 
adjacent territory in order to further assess the barrage effect that occurs under the influence of a field 
of deeply immersed piles. 
 
At the first stage, using data from engineering and geological surveys (groundwater level marks, 
geometry of soil layers, laboratory determinations on samples of porosity, filtration coefficient, water 
yield coefficient), in the ArcGis environment using the Darcy Flow module, the groundwater level 
surface and the flow direction map were determined and its general trend was determined (Fig. 1). 
 
At the next stage, the obtained information was used as a reference for creating a geofiltration 
deterministic model that implements the finite difference method and its adjustment (at the stage of 
epiphysical modeling) using the Processing Modflow software package. The high convergence of the 
isolated groundwater level surface obtained during the epiphysical modeling with the result of using the 
Darcy Flow module (Fig. 2) allows us to conclude that the geofiltration model created is correct and 
that it is reasonable to use it to predict changes in groundwater flow due to construction and to assess 
the barrage effect. 
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Figure 1 Groundwater level surface and flow direction map created using the Darcy Flow module. 
 
 

 
 

Figure 2 Checking the correctness of the created geofiltration model and the validity of its use for 
forecasting. 
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Conclusions 
 
The joint use of the Darcy Flow module in ArcGis and the Processing Modflow software package allows 
to significantly optimize the process of practical application of mathematical modeling of groundwater 
flows using data from engineering and geological surveys and to increase the reliability of predictive 
geofiltration calculations.   
 
In the case when the practical task is reduce only to reproducing the actual groundwater surface, and 
not to predicting its changes under the influence of natural and anthropogenic factors, it is advisable to 
give preference to the Darcy Flow module in comparison with the Processing Modflow in terms of time 
and financial resources. 
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