Monitoring’2023 EAGE

Mon23-185

N. Sosonna (Institute for Safety Problems of Nuclear Power Plants, Ukraine), M. Panasiuk
(Institute for Safety Problems of Nuclear Power Plants, Ukraine), * Ya. Malkova (State Institution
"The Institute of Environmental Geochemistry of National Academy of Sciences of Ukraine"),

1. Kovalenko (Institute for Safety Problems of Nuclear Power Plants, Ukraine), S. Bagriy (Ivano-
Frankivsk National Technical University of Oil and Gas, Ukraine), M. Bugynnyi (SI «O.M.
Marzieiev Institute for Public Healthy», Ukraine)

SUMMARY

A 3-dimensional mathematical model of hydrogeological conditions of the territory of the
Kalush mining district, which is currently under a state of technogenic load after the
termination of potash production, was created. The forecasts of brine leakage from the
Dombrovsky quarry into the gravel and pebble aquifer was made. According to the modeling
results, it was found that in 40 years the salinization area of the aquifer under the influence of
the Dombrovsky quarry will spread to 600 meters. The influence of brine leaks from the
Dombrovsky quarry will not have a negative impact on groundwater pollution in the area of
the Dobrivliansky water intake, which is the main source of drinking water in Kalush.
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Introduction

Dombrovsky quarry, located on the territory of Kalush district of Ivano-Frankivsk region, was the
only potassium-magnesium salt mining object in the world, where mining was carried out by open-pit
method since 1967. A number of works have been published to study the environmental problems of
this area (Bagriy et al., 2017, Hurska et al., 2015, Kuzmenko and Bagriy, 2013, Malkova et al., 2021,
Malkova et al., 2022, Malkova et al., 2023). The total volume of extracted rocks from the quarry is
52.5 million m’. According to balance calculations on application of GIS-technologies, about
2.7 million m? of water per year enters the quarry, which leads to increase of brine level by 1.5-2
meters. The water level mark of May 30, 2018 was 280.24 m. (Zvit, 2018), 287.93 m as of August 26,
2022, and 289.02 m as of July 27, 2023. The maximum possible mark of the quarry filling with water
is 295 m (Zvit, 2018). Using numerical flow modeling for the purpose of studying and regulating
groundwater of the Dombrovsky quarry territory we tried to predict groundwater movement at the
quarry filling level up to the 295 m mark.

The aim of creating a mathematical model of hydrogeological conditions is to study the direction of
movement of groundwater contamination with potassium salts, to determine the influence on the
water intake of drinking water of Kalush, to forecast changes in the direction and levels of
groundwater under uncontrolled increase in water levels in the Dombrovsky quarry.

Research methodology

To achieve this aim, data were used at the scale of the geologic horizon system, including the aquifer
that extends over 130.03 square kilometers (fig. 1).

Sources from the geologic fund, field
investigations that included
groundwater level measurements, and
sampling for chemical analysis were
used to collect the material necessary
for model construction. The relief
surface map, maps of the top and
bottom of the gravel-pebble aquifer,
hydroisogyps map in the unified
Baltic altitude system were
constructed. The boundaries of the
model were selected by boundary
conditions of the I type (Limnitsa
River, Chechva River) in the south, II
type in the east of the model and III
type in the west (fig.2).

Further, the accumulated information
about the investigated object had to be
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Figure 1. Natural and technogenic conditions of the area
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observation wells of the study area as of August 15, 2022. Then, a mathematical model with
consistency of mesh, hydrodynamic characteristics and boundary conditions was selected. The grid
cell size is 100.2 x 99.8 m. A total of 13915 computational cells were used for the calculation. The
elevation was determined in the model by the thickness of the hydrogeological layer. The first layer of
the model is represented by loam with a filtration coefficient of 0.7 m/d, the second layer consists of
gravel-pebble soils. The filtration coefficient of this layer was calculated according to the water
balance of Dombrovsky quarry and amounted to 5 m/d. The third layer of the model is the waterproof,
which is almost impermeable. After the first calculation, the initial model is calibrated by trial and
error to understand the model response to parameter changes (fig. 3). The calibration results were
achieved considering karst occurrences in the area of the north side of Dombrovsky quarry and Sivka
river. After calibration of the model, the conditions of water level rise in Dombrovsky open pit to a
possible maximum level of 295 m were set and tracers were put, which demonstrate the direction and
velocity of groundwater flow over a time interval of 40 years.
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Figure 2 Cell diagram of the three-dimensional filtration model of the Dombrovsky quarry area. The
gravel and pebble aquifer is shown in blue on the section

Results

Calculated vs. Observed Heads: Time = 0 Distribution of groundwater heads and
- / = e levels, hydroisogypses and direction of
e 2 20%. groundwater flow velocity vectors for
= 15.08.2022, obtained as a result of model
w calculation, are shown in fig. 4. Fig. 4
- shows that the highest groundwater flow
: velocity is observed in the area of the
7 northern side of Dombrovsky quarry and
P the Sivka river and in the floodplain of the
yd Limnitsa river, where water intake wells of
the Dobrovlansky water intake are located,
) which supplies Kalush with drinking
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hydrogeological situation will change when
the groundwater level in the quarry rises to
the maximum possible level of 295 m and
what will be the direction and movement of

Figure 3 Correlation of groundwater level marking data
from the observation wells and calculated using the mode

particles in groundwater (fig.5).

XVII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

7—10 November 2023, Kyiv, Ukraine




Monitoring’2023 EAGE

i

&

o I Sivka

Figure 4 Hydroisogypses and groundwater flow  Figure 5 Predictive map of groundwater

velocity vectors hydroisogypses and path of saline groundwater
movement under the influence of brine inflow
from Dombrovsky quarry during 40 years.

According to calculations of the mathematical geofiltration model for 40 years, the longest path that
will overcome the flows of saline water is a distance of about 600 m (in the south of the area of
observation well No. 16). The direction of flow of saline water is not dangerous for contamination of
the aquifer in the area of water intake wells. The model was used to calculate the growth of
groundwater mineralization under the influence of brine leakage from the Dombrovsky quarry at a
water level of 295 m in the pit. Actual water mineralization on the water surface of the quarry is ~16-
18 g/l, and with depth reaches values of 400 g/I. For forecasts the mineralization 20 g/l was accepted.

As shown in fig. 6, the increase in mineralization for well 16 in the forecast period of 20 years will be
~0.5 g/l, for the period of 40 years - 4 g/l. If we take into account that the current mineralization of
groundwater in this well is =10 g/l, the increase in mineralization in 40 years is not catastrophic for
the aquifer.
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Figure 6 Distribution of water mineralization of 20 g/l from Dombrovsky quarry after 2 years(a), 20
years(b) and 40 years(c).
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Conclusions

The hydrogeological data reflecting the current state of the research area was analyzed and a database
of geological, hydrological and geochemical data was developed, which formed the basis for creating
a predictive mathematical hydrogeological model. A digital 3-dimensional mathematical model of
hydrogeological conditions was created to produce forecasts of aquifer salinization of the territory of
Kalush mining district. According to the results of modeling it was established that the influence of
brine leaks from Dombrovky quarry will not affect the pollution of Dobrovlyansky water intake, the
only source of drinking water supply of Kalush and nearby settlements. In some areas outside the
Dombrovsky quarry, groundwater is highly saline, up to 10-50 g/l. The influence of these areas on the
water quality of the Dobrivliansky water intake is subject to further observations and forecasts.
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