
Monitoring’2022   

 

 

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

15–18 November 2022, Kyiv, Ukraine 

 

Mon22-271 

Monitoring of the Groundwater State in the Deposits of the 
Upper Sarmatian Sub-Regional Stage of the Upper Miocene on 
the Example of the Chornomors`ke Groundwater Deposit in 
Odesa Region, Ukraine 

V. G. Tyuremina (Odesa National I. I. Mechnikov University), E. A. Cherkez (Odesa National I. I. 
Mechnikov University), S. M. Shatalin (Odesa National I. I. Mechnikov University), 
*D. Y. Didenko (Odesa National I. I. Mechnikov University), G. A. Oprits (Odesa National I. I. 
Mechnikov University), I. E. Soltys (Odesa National I. I. Mechnikov University) 

SUMMARY 

The purpose of the work: assessment of the water management activities influence on 
formation of the resource component of the Chornomors`ke groundwater deposit (CGWD) 
usable reserves, establishment of regularities of the dynamics of piezometric surface and 
chemical composition of groundwater in the deposits of the Upper Sarmatian sub-regional 
stage. Methodology. The record forms of production wells drilled by various organizations in 
1960-2020, data of monitoring observations of the level and quality of groundwater 
performed by Chornomors`ke "UChI" and Chornomors`ke "ADM" of the (CGWD) in 2014 - 
2020 provided by Gidrogeoservis Firm were used, and the data from Mini-Diver sensors of 
the Schlumberger firm. Conclusions. Gradual decrease of piezometric levels in the layers and 
interlayers of Upper Sarmatian age was noted. Several local cones of depression with a 
decrease in levels of up to 25-30 m, as well as a large one that covered the studied area of the 
deposit were registered against the background of a general lowering of the level over the 
entire spread of the aquifer by an amount of up to 20 m. The research results indicate the 
presence of the flow of fresher waters from the upper aquifers of Upper Sarmatian. 
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Introduction 
The central part of the territory of Odesa region, which includes the Chornomors`ke groundwater 
deposit (CGWD), is poorly provided with fresh groundwater resources (Kamzist and Shevchenko, 
2009, State, 2020). The CGWD is the area of aquifer distribution in Upper Sarmatian subregional 
deposits of the Upper Miocene within the territory of Chornomorsk urban agglomeration the and 
nearby settlements, where favourable conditions for extraction and further industrial use of 
groundwater have been created. The CGWD total resources are estimated at approximately 1 500 
m3/day, including explored reserves on the Chornomors'ke "ADM" (Archer Daniels Midland) and 
Chornomors'ke "UChI" (Ukrainian Chornomorsk Industry) areas, respectively, 170.0 and 360.0 
m3/day. The total estimated amount of underground water resources on the territory adjacent to the 
deposit with an area of 829.5 km2 is determined at 10 000 m3/day. The closest analogues of the 
CGWD are Velykodolynske, Tairovske and Chervonokhutorske deposits with reserves of 370 m3/day 
(Fig. 1A). 

 
Figure 1 A - Scheme of hydrochemical zoning and location of underground water deposits in the 
depositions of the Upper Sarmatian Subregion of the Upper Miocene in Odesa Region.  
1- underground water deposits; 2 – production wells of the Chornomors`ke "UChI" deposit; 3 – 
conditional contour of the CGWD; Hydrogeochemical regions: I - sulphate-chloride-hydrocarbonate, 
sodium chloride-hydrocarbonate waters with mineralization of 0.5-1.0 g/dm3; II - sulphate-
hydrocarbonate-chloride magnesium-sodium waters with mineralization of 0.7-1.0 g/dm3; III - 
magnesium-sodium sulphate-chloride, sodium waters or sodium bicarbonate-sulphate-chloride, with 
mineralization of 1.0-2.0 g/dm3; IV - sodium chloride waters with mineralization of 2.0-6.0 g/dm3.  
B - Schematic map of the decrease in the aquifer pressure in the deposits of the Upper Sarmatian sub-
region of the Upper Miocene during the 60-year period of exploitation in the CGWD area 
(conditional contour is shown in dashed lines) as of 2020 
 

Over the past 10 years, the number of production wells and water abstraction has increased within the 
CGWD. This is explained by the urban industrial infrastructure development and the economic 
activity of industries and agricultural enterprises. The continuation of the gradual decrease in 
piezometric levels of groundwater in layers and interlayers of Upper Sarmatian age is noted. The 
groundwater levels of Upper Sarmatian do not exceed the limits of (-10.0) m, and for the most part are 
lower than (-15.0) m. Against the background of the general lowering of the level over the entire spread 
of the aquifer by an amount of up to 20 m, several local cones of depression with a decrease in levels of 
up to 25 m and one large one covering the studied area of the deposit are noted. In the central part of the 
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ravine (north-western part of the city of Chornomorsk - the village of Oleksandrivka), the maximum 
decrease reaches 30 m (Fig. 1B). The purpose of the work is to assess the impact of water management 
activities on the conditions for the formation of the resource component of the operational underground 
water reserves in the CGWD and to establish the regularities of the dynamics of piezometric surface and 
groundwater chemical composition in the deposits of the Upper Sarmatian sub-region. 
Data & Methods 
The data from the record forms of production wells drilled by various organizations (Prychornomor 
DRGP, «Burvod», «Kaptazhminvod» etc.) in 1960-2020, data of the groundwater level and quality 
monitoring performed in the framework of the national and regional local monitoring network (Ruban 
and Shynkarevskyi, 2005; State, 2020) and in the plots of Chornomors`ke "UChI" and Chornomors`ke 
"ADM" of the Black Sea deposit in 2014 – 2020 provided by Gidrogeoservis Production-Service Firm 
were used, as well as the published materials (Tyuremina and Yeremeeva, 2008; Tyuremina and 
Guzenko, 2010, Pedan and Senkovych, 2015). The selection for processing and analysis of the data on 
production and operational wells was restricted by the borders of the CGWD and included about 150 
wells. For the first time, the use of local monitoring at the sites of active water intakes (2 observation 
and 4 production wells, frequency of groundwater level measurements - 3 times a month, water 
sampling frequency - 4 times a year for six years). Schlumberger Mini-Diver programmable sensors 
were also installed in the observation well (Cherkez et al., 2017), which allow measuring and 
recording hydrophysical parameters (level, temperature, conductivity). Observations were carried out 
from 21.02.2020 to 23.10.2020 with a data recording interval of 15 minutes. 
Results 
According to the materials of geological study of the CGWD state, in the process of exploitation and 
according to the actually obtained hydrogeological parameters (filtration properties) of the target 
aquifer, the complexity of the hydrogeological conditions was revealed, which determines complex 
water management situation and unstable regime of the groundwater filtration. Until the beginning of 
the 1950s, the marks of Upper Sarmatian underground water levels in the entire territory were positive 
and stayed in the range of 0-5 m. Twenty years later and on a larger area the piezometric surface fell 
into the negative range (isopiesis -10.0 m appeared). Insignificant capacitive characteristics of the 
productive stratum, as well as small dynamic resources of the horizon caused the development of an 
unstable filtration regime. More intensive rates of decrease in levels were recorded during the 50th-80th 
of the 20th century, when water abstraction gradually increased to a maximum of 1.0 thousand 
m3/day. 
Relative stabilization of groundwater movement was observed for a fairly significant period of time 
(1980-2010) with a total load on the deposit of ca. 600-850 m3/day (722 m3/day on average), that is, 
the load on the productive intermediate layers was compensated by the natural elastic storages of the 
aquifer and interception of the natural discharge of the areal flow. The average value of the level 
decreased by 2-3 m. The conditions of unstable movement returned later due to the increase in the 
volume of water abstraction. Changes in operating conditions affected the ratio of the balance 
components of the underground water regime and at the time of reserve calculation jointly the state of 
the piezometric surface in the deposit as a whole and in the area in particular. During this period, the 
level lowered in total 20 meters. Currently, the upper Sarmatian groundwater level marks do not 
exceed limits (-10.0) m, throughout the entire territory of the region, and in most parts are below (-
15.0) m. The analysis of the water levels long-term dynamics is presented in a generalized form on the 
map of the groundwater pressures fall under the influence of exploitation (Fig. 1B). Several local 
cones of depression with a decrease in levels of up to 25-30 m, as well as a large one that covered the 
studied area of the deposit were registered against the background of a general lowering of the level 
over the entire spread of the aquifer by an amount of up to 20 m. In the central part of the ravine 
(north-western part of the city of Chornomorsk - the village of Oleksandrivka), the maximum drop 
reaches 30 m. 
Water management situation in the vicinity of Chornomorsk is hydrodynamically complex - the 
alternation of periods of operation and disconnection of wells causes constant piezometric surface 
variability around water intakes, fluctuations in the direction of groundwater movement within the 
aquifer complex in the process of pressure balancing in the intermediate layers. However, under the 
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conditions that water abstraction stays in the area of 0.7-0.8 thousand m3/day (the weighted average 
value of water abstraction over the 60-year period of operation is Qsv = 0.735 thousand m3/day) 
within the limits of the CGWD, the onset of steady movement of groundwater should be expected. 
Based on the results of the schematic hydrochemical zoning of the aquifer distribution area in the 
deposits of the Upper Sarmatian sub-regional layer of the Upper Miocene, four hydrogeochemical 
regions were distinguished from south to north (Fig. 1B). The CGWD is confined to the zone of 
distribution of fresh groundwater of sulphate-chloride-hydrocarbonate sodium composition from the 
first hydrogeochemical district (I), which is located southwest of Odesa in the coastal strip of the 
Dniester Estuary and Sukhyi Estuary (Fig. 1B). 
The chemical composition of the waters allows us to draw a conclusion about the conditions of their 
formation under the Dniester River basin influence. The northern boundary of these waters’ 
distribution coincides conditionally with the direction of the ancient Pliocene terraces of the Dniester 
River distribution (VIII, IX, X supra-flood terraces). The bottom of the Dniester River valley is made 
of alluvial deposits, which lie on the formations of the Upper Sarmatian layer at the absolute mark (-
35.0) - (-45.0) m. During the 70-year period of the CGWD operation the average annual values of 
mineralization changed within a small range from 0.6 to 0.8 g/dm3, which indicates the absence of 
significant changes in the groundwater quality. 
Observations of the groundwater level directly in the CGWD local areas (water intakes 
Chornomors'ke "ADM" and Chornomors'ke "UСhI") were carried out even before the start of stable 
operation of the wells from the end of 2014; regular observations started at the beginning of 2015. 
During the six-year period of the groundwater level observations a trend towards a decrease of the 
conditionally static, as well as the dynamic level can be observed both in the production and 
observation wells. The current values of the dynamic level in the wells of the Chornomors'ke "UChI" 
and Chornomors'ke "ADM" sites over the last six years of operation have decreased by 7.3 and 10.2 
m respectively compared to the previous period. 
Statistical processing and analysis of the data on average monthly flow rates Q and dry residue of 
water Ms from production wells (Fig. 1A) of the Chornomors`ke “UChI” water intake for the period 
2014-2020 indicate the presence of inverse relationships between these characteristics, that is, an 
increase in flow rate or productionn of wells with a constant flow rate of about 120 m3/day leads to a 
decrease in dry residue in water water by 50-80 mg/dm3 and vice versa, after stopping the wells, the 
values of dry residue in water increase slightly. For example, the correlation coefficient in the well 
78-E (Fig. 2A) R = -67, and in the wells 77-E and 80-E they make respectively R = -0.39 and R = -
0.35. 
The dynamics of the dry residue has a cyclical nature in the range of 800-940 mg/dm3 and when the 
wells flow rate is maximum the decrease in dry residue is observed. 

Figure 2 A - Changes in flow rate and dry residue in production well 78-E during pumping; 1 - 
Pumping yield - Q, m3/day; 2 - Solid residue - Ms, mg/dm3. B – Changes in groundwater levels in 
observation well 1-N and conductivity during pumping 
 

Hydrodynamic and hydrophysical properties of groundwater (level, temperature and conductivity) 
were monitored using Schlumberger Mini-Diver autonomous recorders in the same area in 
observation well 1-N from February 29, 2020 to July 27, 2020 with a recording interval of 15 
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minutes. The selected recording period of the installation corresponds to the conditions of 
uninterrupted operational pumping of the wells 78- E, 77- E and 80- E with a total flow rate of about 
360 m3/day before they were  stopped to be repaired in August 2020. 
The data obtained indicate the decrease in both the dynamic level of groundwater Habs in the 
observation well from -29.1 m to -30.6 m (Fig. 2B) and the water conductivity C from 0.836 to 
0.826 mS/cm (Fig. 2B). Fluctuation of the dry residue, anions and cations content in the wells of the 
site has a cyclical nature, which is associated with the changes in the amount of groundwater 
extraction from the main horizon both in the Chornomors`ke "UChI" site and in the CGWD as a 
whole. Thus, the presented data on changes in the flow rate of the wells during their operation and the 
dry residue in water, dynamic levels and conductivity indicate the presence of fresher water flow from 
the upper aquifers of Upper Sarmatian interlayers. 
Conclusions 
Gradual decrease of piezometric levels in the layers and interlayers of Upper Sarmatian stage is noted 
within the CGWD under the influence of the increasing groundwater extraction. Several local cones 
of depression with a decrease in levels of up to 25-30 m, as well as a large one that covered the 
studied area of the deposit were registered against the background of a general lowering of the level 
over the entire spread of the aquifer by an amount of up to 20 m. Changes in groundwater quality are 
associated with the cyclic nature of fluctuations in the dry residue, the content of anions and cations, 
which result from the change in the amount of groundwater extraction from the main horizon, both in 
the Chornomors`ke "UChI" area and in the CGWD as a whole. The obtained research results indicate 
the presence of the flow of fresher waters from the upper aquifers of Upper Sarmatian stage. In 
general, the entire 60-year period of groundwater exploitation reflects the chronology of exploitation 
fairly objectively and fully corresponds to the general patterns of the Upper Sarmatian groundwater 
extraction regime in the southern part of Odesa Region. 
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