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Regional Assessment of Groundwater Resources within the

Dniester Basin Based on the Mathematical Modeling and
Geoinformation Approach

*V. Salyha (Ivano-Frankivsk National Technical University of Oil and Gas), L. Davybida (/vano-
Frankivsk National Technical University of Oil and Gas)

SUMMARY

The object of research is the natural groundwater resources of the first from the surface aquifer of the
Dniester River basin within Ukraine. A choice of representative hydrological observation points was
substantiated, flow hydrographs, mathematical and cartographic models for underflow assessment were
created for the relevant water-exchange basins within the model polygon. The volumes of the
groundwater resource within the Dniester basin were evaluated and visualization of their distribution
by sub-basins in the GIS environment was carried out.
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Introduction

Water is one of the most important natural resources used in all spheres of human life and human
activity. An integral part of water resources is groundwater. They have a special role in drinking water
supply since they have a few advantages before surface waters: better protected from contamination
and evaporation, more qualitative, their reserves less depend on seasonal and long-term climate
change, in many cases, they can be obtained near the consumer. To use groundwater for various
purposes, it is necessary to determine their amount in other words to evaluate reserves and resources.
(Directive 2000/60/EC, 2000).

The estimation of groundwater reserves is to determine the number and quality of water suitable for
use in conditions created under the influence of natural and anthropogenic factors taking into account
environmental restrictions. According to the results of the assessment, the substantiation of the
possibility of groundwater using and the design and construction of groundwater intakes are
performed (Fediv and Davybida, 2015).

The object of this study is the natural resources of groundwater of the first from the surface aquifer
within the Ukrainian of the Dniester River Basin.

Evaluation of groundwater flow rate based on disintegration of the hydrograph of total river
flow

The annual yield of a drainage basin is formed at the expense of surface and underground drainage.
The study of the underground drainage regularities to the rivers has allowed finding a method for its
allocation on the river hydrograph and developing a method of the regional assessment of natural
groundwater resources within zones of intensive water exchange.
The river hydrograph is a schedule of temporal change of water flow in the river for a year, several
years, or part of the year (season or flood). The hydrograph is based on the daily flow of water at the
time of observation of annual drains. On the axis ordinates, the value of water flow is set; segments of
time are set on the abscissa.
Underground drain in areas with a permanent hydrographic network is formed under the draining
influence of river systems. Underground drain acquires special value in the river mode in the summer
and winter (low water season) when the rivers are mainly recharged by groundwater. Therefore, in the
low water season, the river flow in any line gauge is the total amount of groundwater flowing from the
river basin area above this line gauge (Drobnokhod and Yazvin, 1982).
For regional assessment of natural groundwater resources using the method of river hydrograph
disintegration does not require field investigation and experimental work. The materials of the
hydrometeorological service can be used.
The volume of underground drain is calculated by determining the areas of the corresponding graphic
constructs by planimetry or integration. Firstly, the scale coefficient of flow (m.) is calculated by
multiplying the scale of flow (m,) on the scale of time, which are taken during the construction of a
hydrograph

M= Mp XMy (D)
This coefficient is equal to the volume of the flow, the corresponding unit of the hydrograph. The
scale coefficient of flow (m.), if flow (Q) is expressed in y m*/s and time in months, is calculated as

me=1,0 m*/s:2592000 s=2,592-10° m’ Q).

Determining the area F. with the help of planimetry or integration, the volume of underground runoff
is found (in m® per year)

Qc=mcF. (3).
Q. characterizes the annual groundwater flow in the drainage zone, which entering the river from the
surface of the underground catchment above the measuring stations.
Characteristics of the magnitude of the underground drainage are: a flow rate, a layer and a coefficient
of underground drainage.

Annual average flow rate can be calculated by the formula:
M. = 1000xQe
d ™ F,-31-106

4),
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where O, — annual underflow, according to hydrograph, m*/year; F, — area of underground catchment,
km?; 1000 — transition coefficient from m® to dm®; 31-10° — transition coefficient from seconds to
years (Drobnokhod and Yazvin, 1982).

Regional assessment of groundwater resources by mathematical modeling

The materials of the Institutes of Geological Sciences (The National Academy of Sciences of
Ukraine) about the hydrogeological zoning of Ukraine on a water-exchange (dynamic) principle and
long-term observation data of water flow (average monthly water flow, Q(m?/s)) by hydrological
points of the State Hydrometeorological Service on the rivers of Dniester basin were considered as
source data for analysis and evaluation of regional groundwater resources (Figure 1).

LEGEND

v Hydrological observation points

[] Sub-basins

Figure 1 Schematic map of input data

Overlay analysis of the cartographic layers of rivers, water-exchange basins, and hydrological posts
allowed to determine their mutual arrangement and select for every water-exchange basin a relevant
hydrological post of second order, that is located closest to the entry in the Dniester, and therefore
characterizes the largest area of the catchment.

Thus 12 hydroposts were selected: No. 81017, 81120, 81203, 81033, 81206, 81236, 81041, 81244,
81251, 81257, 81261, 81267. Unfortunately, for separate water-exchange basins (River Seret, River
Galava, the rivers of the right bank of the Dniester from the mouth of Bistrica to Lyadova, tributaries
of the Dnistrovsky estuary) there are no observation data for flow, so for them, the calculation of the
volumes of groundwater resources is impossible.

For selected hydrological posts according to the data of Hydrometeorological Service, hydrographs
were constructed (Figure 2). The constructed graphs indicate that the majority of the rivers within the
Dniester basin (No. 81017, 81120, 81203, 81033, 81206, 81236, 81041, 81244, 81251, 81257, 81261,
81267) are characterized by seasonal flood in March-April, as well as a summer cloudburst flood in
June-July (occasionally, August) when the surface drain exceeds the absolute magnitudes of
underflow by 10-25%. Somewhat distinctive are the hydrological post No. 81257 (located on the
Lyadova River) with a flood in September-October, and the hydrological post No. 81267 (located on
the Markovka River), for which floods are not characteristic.

Geoinformatics 2021
11-14 May 2021, Kyiv, Ukraine



INFORMATICS 2021 EAGE

Modeling of the numerical parameters of the underflow by the method of the hydrograph
disintegration was carried out according to the formulas (1-3) in the MathCAD environment using
polynomial regression and numerical integration. Integration is carried out using certain integrals. The
geometric context is a square of a curvilinear figure, limited by the axis of abscissas, two verticals on
the edges of the segment, and a curve of the function graph. We also take into account the gap, due to
the period of spring flood, and the share of the underflow during the summer and autumn cloudburst
floods.

Q, m*3/s

B Surface water flow

B Groundwater flow

1 2 3 4 5 6 7 8 9 10 11 12

t, months

Figure 2 An example of a groundwater flow separation on a hydrograph, constructed according to
the observation of hydropost No. 81017

The next step is a visualization of the obtained numerical characteristics of underflow in the GIS
environment using overlay analysis, formula (4), and topological dependences of objects on the layers
of sub-basslines and hydrological observation points to calculate the underground drainage module
(dm?/s from km?) and thematic mapping to reflect the results (Figure 3).

0 150 300 LN

ey — :"\
Z)
LEGEND l‘L_j"

Flow rate, dm*3 from km*2

o+ - oo :
B 57 - o4 B-17
B 2e - 37

B oe - 20 \
o - os

D Missing data about flow of

catchment

Figure 3 Schematic map of the groundwater flow rate distribution for sub-basins of the Dniester
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Conclusions

Consequently, an assessment of regional groundwater resources within the basin of the Dniester was
carried out, based on the results of observations for 12 selected points of hydrological monitoring. The
created hydrographs allow analyzing rivers recharge by groundwater during the calendar year,
allocate periods when the underground recharge is virtually absent or does not have a significant
contribution to the surface flow. The volumes of underflow for all hydrological points of observation,
which were involved in the analysis, were determined in the MathCAD environment using
polynomial regression and numerical integration.

The analysis allowed us to establish that the sub-basins of the right-bank inflows within the mountain
area, as well as the catchment of the Zbruch River, were characterized by the highest values of
underflow per year, drainage modules. Therefore, these territories are characterized by the highest
groundwater resources security. At the same time, the plain area of the Dniester basin, where karstic
rocks significantly spread, has lower volumes of underflow, and, obviously, a lower volume of
groundwater resources.
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