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SUMMARY 

The results of the studies of the exploitable resources of groundwater in fractured 
Precambrian crystalline rocks in area of Nemyriv, performed for the period 1975-2021 by 
various organizations. Of the five hypothetically promising areas, discovered in 1975 by the 
regional geophysical surveys, for subsequent detailed hydrogeological exploration and 
constructing the municipal water intake was selected the fragment of the Ustya floodplain 
near the ancient Scythian settlement. However, when this water intake began to operate it was 
found that when increasing groundwater production from Precambrian fractured crystalline 
rocks, its quality dangerously deteriorates.. Studies in recent years have shown that the 
deterioration of water quality in producing wells of municipal water intake is due to poor 
natural protection against pollution of productive aquifer near the ancient Scythian 
settlement, and its incorrect location of this water intake relative to Nemyriv and the fish 
ponds in the floodplain of the Ustya River. The author of the report believes that in order to 
remedy the current situation, it is necessary to consider in more detail other previously 
identified hypothetically promised areas around Nemyriv and move the municipal water 
intake to another place more protected from pollutions. 
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Introduction 
It is known that the main priority of drinking groundwater exploration is not the quantity, but the 
quality of the water. But explorers sometimes forget about this, as a result of which troubles occur, 
which bring disappointment to consumers and material losses to sponsors to correct errors. A typical 
example of such a case is the creation of a city water intake in Nemyriv. In Ukraine are many small 
cities where no developed general water supply. Such settlements include the district center of 
Nemyriv. Most of its population meets its water needs by exploiting groundwater in Quaternary 
sediments unprotected from contamination migrating from the surface of the earth using mine wells. 
There are also many producing wells of various departmental organizations and enterprises within the 
boundaries of Nemyriv, which withdraw fresh groundwater from fractured crystalline rocks of the 
Precambrian age confined to the zone of increased fracturing, which, depending on local natural 
conditions, can extend deep into these rocks for tens or even hundreds of meters. This aquifer is 
confined and better protected from the migration of contaminants from the earth's surface by the 
weathering crust of crystalline rocks than groundwater in the Quaternary deposits located above. 
Therefore, this study focuses on the groundwater exploitable resources of fractured crystalline rocks. 
 
Background 
The first step at the creation of the water intake for the general water supply of the population of 
Nemyriv was done in 1975-1977. The Pravoberezhnaya expedition of the "Kyivgeologia trust has 
carried out the complex exploration and development of resources in the groundwater of crystalline 
rocks in the Nemyriv area (Pogonina et al., 1977) as per requirement of the Nemyriv Communal 
Utility Enterprises (KUE). During these studies geophysical exploration in the valleys of the Ustya 
and Southern Bug rivers were revealed a local depressions of the surface of the crystalline foundation 
with a depth of 10-20 m, a length of 2.5-6.0 km and a width of 0.5-2.0 km, which were identified as: 
Mukhyvtsi, Nemyriv, Sheludky, Bug and Scythian depressions. It is assumed that they were formed 
as a result of tectonic processes, which may have led to an increase in the degree of fracturing of 
crystalline rocks and, accordingly, an increase in the exploitable groundwater resources within them, 
and, therefore, they are considered hypothetically promising for hydrogeological exploration.  
The Mukhyvtsi depression is located a little to the west from Nemyriv. She is oriented in a latitudinal 
direction and crosses the valleys of the Ustya riv. and her right tributary. Its length reaches 6 km, the 
width - 0.5-2 km, the water depth - 10-15 m. According to (Pogonina et al., 1977)  in southern part of 
the depression until 1976 were wells that withdraw from crystalline rocks up to 200 m3/day 
groundwater, but the test pumping from the exploratory well No. 1511 located ibid showed that 
crystalline rocks in place of her location are low-water (specific debit this well was 0.5 m2/day) 
because this well is a weakly permeability block, which is the ordinary element of the structural 
heterogeneity of the fractured media formed from relatively big cracks and weakly penetrating blocks 
between them. Nemyriv depression is located on the northern of the city of Nemyriv, along the valley 
of the right tributary of the Ustya River. The average relative depth is 10 m. Hydrogeological studies 
of crystalline rocks were not held within its limits. In the southern and northwestern parts of the 
research area near the Southern Bug River, the Sheludky and Bug depressions were found, 
respectively. Hydrogeological studies of crystalline rocks were also not held within them. 
Hydrogeological conditions and exploitable resources of groundwater were studied in detail only 
within the Scythian depression. This depression, up to 20 m deep, is located in the southeastern 
outskirts of the city of Nemyriv and extends in the latitudinal direction along the valley of the Ustya 
River. The length of this structure is more than 5 km, and the width is 0.5-1 km. Test pumping from 
exploratory wells in this depression revealed quite generous water-bearing fractured crystalline rocks. 
The high density of the crack network in the crystalline rocks of the Scythian depression with a very 
high coefficient of transmissivity, as for the rocks of the Ukrainian shield (200-1100 m2/day, on 
average 360 m2/day), is probably due to its belonging to the structure of pool-apart that formed due to 
local stretching and tear cracking of crystalline rocks at the contact between adjacent massive tectonic 
blocks. The tear cracks in this structure, bypassing slightly damaged areas of crystalline rocks, are 
directed, in general, along the channel of the Ustya River, but in the area of the Scythian depression 
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there are also rather large discontinuous tectonic disturbances directed transversely to the channel of 
the Ustya River, which in the terrain are reflected in the form of ravines, streams and streams, which 
are tributaries of the Ustya River. These places are favorable for groundwater recharge of the entire 
aquifer system within the Scythian depression. 
Therefore, with the results of hydrogeological exploration, due to signs of the presence of fairly 
significant underground water resources (the specific debits of exploration wells are within 8-80 
m2/day with the maximum allowable drawdowns in groundwater levels of 20-30 m) and a relatively 
short distance to the consumer (4 km to Nemyriv) the area of the floodplain of the Ustya River near 
the ancient Scythian settlement (the eastern part of the Scythian depression) was determined to be 
promising for the construction of a city water intake from five wells (No. 574, 2037, 2067, 2038, 
1784) linearly located along the riverbed of the Ustya River. The fact that this area is located below 
Nemirov downstream of the Ustya River and therefore, together with surface and underground waters, 
various pollutants migrate here from the city and nearby rural lands was somehow not taken into 
account when the final selection was approved. 
Since the beginning of the water intake operation, a deterioration of water quality was noticed during 
the increasing withdrawal of groundwater, and, probably, that is why its total flow has not exceeded 
2-3% of the approved reserves for a long time. It was later discovered that two wells (Nos. 574, 2067) 
of the four producing wells of the city water intake (Nos. 574, 2037, 2067, 2038) on the western side 
of the Scythian hillfort are located in places where there is no protective layer of kaolin under the 
river alluvium and, therefore, these wells were plugged, and the groundwater exploitable reserves 
attributed to them were transferred by mutual agreement to two producing wells (Nos. 2, 3) of the 
private enterprise LTD “ЛВН LIMITED» in the western half of the Scythian depression in the 
floodplain of the Ustya River (Terentiev et al., 2018). But this still does not guarantee the preservation 
of acceptable groundwater quality in the remaining production wells, due to the small distance from 
them to the "hydrogeological windows" in the protective layer (100-200 m).  
There are also other factors that have a negative impact on the quality of groundwater in the Scythian 
depression. For example, slightly upstream of the Ustya River from the wells of the city water intake, 
there is a river dam of a fish farm, water from which is periodically released to clean its bottom, 
thereby increasing the inflow of pollutants from surface waters into cracked crystalline rocks through 
a small-thickness layer of river alluvium and "windows" in the protective kaolin layers. 
There are also complaints about the results of the assessment of the exploitable resources of 
groundwater by the underground flow in the Ustya River, which under natural conditions should 
correspond to the low water surface flow of the Ustya River, which is formed in its basin above the 
water intake of the Nemyriv KUE. But due to the significant modern regulation of the surface flow of 
the hydrological network in the Nemyriv area by channel pond dams, the use of low water surface 
flow as an equivalent of underground inflow in the channel of river (or the intensity of groundwater 
recharge) is incorrect, because the regulated low water river flow can significantly exceed the natural 
low water surface flow. So, according to the results of the 2015-2018 intelligence (Terentiev et al., 
2018) obtained according to the data of the hydrometric station located near the mouth of the 
producing well No. 1784 of the water intake of the Nemyriv KUE, located near the furthest 
downstream of the Ustia River, the module of the winter low water river flow ranged from 0.82 to 
1.71 dm3/(s·km2) or expressed due to the intensity of groundwater recharge – 26-54 mm/year, on 
average 40 mm/year. Instead, according to the long-term generalizations presented in the work 
(Shestopalov, 1989) the natural surface low water flow of the hydrological network on the Ukrainian 
shield, supplied through the underground flow module, should be 0.3-0.4 dm3/(s·km2) or expressed 
through the intensity of groundwater recharge is 9.5-12.5 mm/year, on average, 11 mm/year. Such a 
significant quantitative difference between the two estimates presented above suggests that a more 
flexible method should be used to determine the intensity of groundwater recharge. 
 
Method 
In 2020-2022, the exploitable resources  of  groundwater  of  fractured crystalline rocks  in and around 
Nemyriv were studied by the State Institution "Radioenvironmental Centre NAS of Ukraine ". The 
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purpose of these works was to develop a recommendation for the improvement of the Nemyriv city 
water intake. 
Taking into account the size of the research area around Nemyriv and the complexity of drawing its 
hydrological network, as well as the high filtration heterogeneity of crystalline rocks, their weathering 
crust and the silting layer of channel alluvium, the method of numerical mathematical modeling was 
used described in instructions (Chiang, Kinzelbach, 2001). This method is based on the numerical 
solution of a system of approximated  in finite differences two-dimensional differential equations in 
partial derivatives describing the planned filtration of groundwater in layers of aquifers located 
superficially one above the other. In our case, these are two layers, one of which corresponds to the 
Neogene-Quaternary aquifer complex, and the second to the aquifer in the zone of fractured 
crystalline rocks, between which lies separating relatively weakly permeable layer of kaolin of the 
weathering crust of crystalline rocks, the effect of which is taken into account in the equations of 
groundwater filtration of the above-mentioned aquifers as an additional condition regulating the water 
exchange between them, so that groundwater in the aquifers of this model moves horizontally, and in 
the separate layer its moves vertically. The numerical solution of the above system of two equations is 
performed using a professional PC and the MODFLOW program from the PMWIN package.    
It should be noted that replacing the three-dimensional space of the underground hydrosphere in the 
Nemyriv area with a two-dimensional one simplifies the mathematical problem, but it is legitimate 
only when the values of the rock filtration coefficients in the two aquifers selected on the model 
exceed this coefficient in the conventionally separated layer by at least an order of magnitude 
(prerequisites Myatiev-Girinskyi and Dupuis) (Shestakov, 1973). According to parameter data of the 
exploration reports (Pogonina et al., 1977, Terentiev et al., 2018) assumptions of Myatiev-Girinskyi 
and Dupuis are fulfilled here, with the exception of places where there are "windows" of discontinuity 
in the separate layer near the ancient Scythian settlement.   
The researches of by the State Institution "Radioenvironmental Centre NAS of Ukraine" began with 
an assessment of the supply of groundwater exploitable resources of the Nemyriv KUE water intake 
with natural resources (natural underground flow) in the Ustya River basin. The natural resources of 
groundwater, expressed in terms of the intensity of groundwater recharge, were estimated by 
matching the hydrodynamic model of the Nemyriv field to a satisfactory quantitative similarity 
between the model and actual natural marks of groundwater levels in observation wells of the 
aquifer in fractured crystalline rocks, as well as the quantitative similarity of model and actual 
drawdowns in groundwater levels in exploratory wells under the influence of predictive water 
selection according to data obtained by the hydraulic method during hydrogeological exploration 
carried out in 1975-1977, while keeping preliminary the coincidence of actual groundwater levels 
in observation wells and in model under natural conditions by means of simultaneous correction 
of the average value of the coefficient of water conductivity of crystalline rocks on the watershed 
plateaus of the research area. 
Research results 
The obtained selection results showed that the intensity of underground recharge in the research area 
is 20 mm/year, with an average value of the coefficient of transmissivity of the fractured crystalline 
rocks of the Precambrian aquifer in the watershed spaces of the Nemyriv field of 3 m2/day, which also 
corresponds to the hydrogeological conditions of the nearby Vinnytsia field of groundwater 
(Shestopalov, 2018). 
After that, the previously predicted (Pogonina et al., 1977) withdrawal of groundwater for 10,000 
days from the producing wells of the Nemyriv KUE water intake, which was created in 1978 and then 
improved in 2018, was reproduced on the model, together with household withdrawals from small 
actually operating water intakes of various institutions and enterprises in Nemyriv, which showed a 
satisfactory coincidence of model and actual drawdowns of groundwater levels in exploratory and 
producing wells in Nemyriv and within the Scythian depression. The calculation studies ended with 
the assessment of the exploitable resources of groundwater of crystalline rocks by selecting the 
maximum possible withdrawals for the actually operating producing wells in Nemyriv and within the 
boundaries of the Scythian depression under conditions of a steady-state filtration regime. 
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Modeling showed that the exploitable resources of groundwater of crystalline rocks, which are 
associated with the actually operating water intakes in the Nemyriv area, amount to approximately 8.5 
thousand m3/day, but the quality of part of these resources, which falls on the site of the existing urban 
water intake in the Scythian depression suffers due to an imperfect system of removal of domestic and 
industrial sewage from Nemyriv, as well as from periodic pollution by nitrates migrating from rural 
meadows. This could be prevented by directing the attention of hydrogeologists to the other four 
hypothetically promising depressions of the surface of crystalline rocks listed above, if only, for 
example, take Mukhyvtsi and Nemyriv, located in the valley of the Ustya River, while the first is 
located at the same level as Nemyriv, and the second is north of it. 
Thus, the test modeling of the groundwater withdrawal from the crystalline rocks of Mukhyvtsi, 
Nemiriv, Sheludky and Bug hypothetically promising depressions separately and in general with a 
typical conservative value of the transmissivity coefficient of these rocks within their limits of 30 
m2/day and a maximum allowable drawdowns in groundwater levels of 15 m showed that each of 
them can provide a withdrawal from the largest possible options for the location of a continuous linear 
row of producing wells from 1.5 to 4.0 thousand m3/day of groundwater, and in general up to 9.6 
thousand m3/day of groundwater with the simultaneous withdrawal of 8.5 thousand m3/day of 
groundwater by actually operating water intakes in Nemyriv and in within the boundaries of the 
Scythian depression. So, in order to compensate for the previously approved forecast withdrawal of 
the urban water intake in the Scythian depression in the amount of 5,000 m3/day, it will be sufficient 
to use the groundwater exploitable resources of some of the above-mentioned hypothetically 
promising local depressions on the surface of crystalline rocks, and the being now city water intake in 
the floodplain of the Ustya River near the ancient the Scythian settlement can be closed. 
 
Conclusions 
The carried out calculation studies give reason for the following conclusions: 
1. The discovered exploitable resources of potable groundwater of the Nemyriv field amount to about 
8.5 m3/day. 
2. For the further development of the city water intake of Nemyriv and the solution of its 
environmental problems, it is necessary to carried out detailed hydrogeological studies with an 
assessment of the exploitable resources of groundwater in hypothetically promising depressions on 
the surface of crystalline rocks near Nemyriv. 
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