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Abstract 

Research of water resources restoration of natural Dnieper river and 
man-made nature was carried out. The studies of water quality at working 
and peak operating modes of production cooling equipment were carried out. 
The conditions for the supersaturation of poorly soluble salts of the basin 
(

3CaCOns  = 72.34; 
4CaSOns  = 12.54) and accumulation of sediments of the re-

servoir are determined. The gravity tools for the restoration of water re-
sources are proposed. A criterion equation for recharge the circulating system 
at peak mode was obtained. The granulometric potential of waste sediments 
at environmental feasibility is analyzed. The research involved supercritical 
temperature modes, taking into account precipitation hyperthermia. In the 
process of conducting a hydrological study, an evolutionary equation sedi-
ment model has been developed. The calculations of the technological flow 
capacity limits by of 125 W/m2 due to turbidity (750 mg/l) and hardness (up 
to 12 mg ekv per liter) of water resources are obtained. Mechanical sedimen-
tation of the water stream increasing the energy potential up to 275 W/m2 
was determined. The use of chemical agents (ozone) as a combined treatment 
increasing the flow potential up to 650 W/m2 is achieved. The application of 
technical way to natural water improving power to 975 W/m2 is received. Ero-
sion of the bottom of the basin reduces the hydrological potential due to the 
unfinished state of biodegradation of sediments. The hydrological characteris-
tics of the stream at a distance of 3000 m with characteristic technogenic inclu-
sions were obtained. The study was conducted at natural Dnieper river and la-
boratory conditions with chemical catalyst and mechanical activator. 
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1. Introduction 

The urgency of the current study is due to accidental changes in the quality of 
water resources, especially in man-made regions to understand the degree of 
water crisis.  

The Dnipro River extends from the Middle Russian Plain and runs over 15 
industrial cities and more than 1000 farms (Nazarenko, 2018) that meet the 
needs of drinking water. 

It is a weight factor in production and vital to agriculture, transport, tourism 
and now the socio-economic development of the country. Industrial waste dis-
charges, sewage discharge by urban agglomerations and agricultural waste di-
rectly lead to pollution of the Dnieper (Horppila, 2019). Increasing the level of 
concentration of certain pollutants pays attention to the public and may cause a 
health hazard (Drozdova, 2004). Thus, the necessity of integral management of 
the quality of water sources of wastewater treatment plants becomes essential. 
Real output data are basically huge; this means that they are not normally dis-
tributed, often collinear or autocorrelated, including nonstationary leaks (Mar-
kert et al., 2003). For this reason, multi-dimensional methods are used, such as 
analysis of the main components, cluster analysis, factor analysis (Syvitski et al., 
2019). The analysis of the underlying factors is a data analysis tool, which is 
usually used to reduce the number of variables of a large number of interrelated 
Streamflow variables (Schertzinger et al., 2019). The program calculates an un-
corrected set of variables. These factors are arranged so that the first few retain 
most of the variation present in all of the output variables. In a cluster analysis, 
objects are grouped based on similarities in the class and differences between 
different classes (Elgueta et al., 2019). 

After the number of clusters is set as the input and initialized clusters of 
the centroid, observations are added iteratively to the most similar cluster, 
whose centroid is then recalculated until all observation is grouped (Xu et al., 
2019). 

Recovery steps are considered in this scientific work and are offered to envi-
ronmentalists. Indicator of community development (Greco et al., 2013)—supplies 
the restored water for river basin by a complex algorithm. 

Exceeding the high-quality sediment morphology leads to precipitation and 
accumulation of sediment and reduction of hydro-energy potential of rivers, es-
pecially important for the southern regions. 

2. Experimental Part 

Modern water supply does not plan disappearance of natural rivers, but in the 
event of global warming, drought can become a natural phenomenon. 

In the research part the simulation modeling technogenic scenarios of com-
munity development was performed. To obtain a mathematical model, the 
squares method is used. 

This analysis emphasizes the expediency of restoring the water to recharge the 
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river basin (Epoyan et al., 2018). Fixing online data quality resources reduces 
overhead. Implementation of a flexible system approach for monitoring the 
quality of sewage waters with local sedimentation (salt content from 700 to 280 
mg per litr) in a recreational lake creates for the reservoir. The management of 
the term of recovery water from 25 minutes (conditional clean liquid) to 150 
minutes (conditional dirty liquid) provides the opportunity to use technology 
during the calendar year. 

In this research, the following tools were used: a portable Gestovsky spool for 
measuring water flow, an IP 67 depth gauge, a water quality test sampler, a tur-
bidity sensor for MSKDZ, a TDS3 saltmeter (Kathryn et al., 2019). For the for-
mation of hydrological data, intrinsic measurements were used. Mathematical 
modeling was carried out by hydrological parameters. 

3. Research of Energy Saving of Reversible Water Supply  
System 

To ensure the performance of the water supply system of the sinter plant at am-
bient temperatures during the transitional season (8˚C) and summer season 
(32˚C) (Х1) and the hardness of the surface water (Х2) (2.5 - 3.6 mg-ekv per li-
ter), which is actual for the southern rivers, requires fresh water recharge. De-
termination of the optimum quantity of supply (Y), use the central orthogonal 
compositional arrangement of 2 orders [5]. 

3.1. Calculation of Recharge of Water System 

The regression equation is obtained: 
2 2

1 2 1 2 1 25.092785 0.28167 1.22325 0.009 0.7265 0.04375 .Y X X H X X X= − + − − −  

Under the best climatic conditions (8˚C), the factory can save till 890 m3 water 
per hour. Every change of the conditions of water consumption (tense working 
conditions, lack of control facilities, lack of dispatching) will save 272; 450; 1162 
m3 per hour. Water-chemical modes of enterprise are shown in Table 1.  

The proposed modes of operation include the need to control the indicator 
parameters to ensure the work process. Possibility using of re-water at the en-
terprise (mode 2, 5), if necessary, local recycling increases the coefficient of eva-
poration of the system. 

The system’s organicity (modes 1, 3, 4) (Table 1) is presented for reliability of 
direct-flow water supply (Konovets et al., 2013). In the case of reverse water 
supply [7] (turbulence, evaporation, and steam power), the mode 6 become 
more progressive. Reserves of resource and energy saving can be found in in-
dustrial waste water from enterprises. In the necessary case, the return and re-
covery of wastewater is used by a cavitation device with a 6-degree angle to ac-
celerate the process. The study of the quality of re-water (Pope et al., 2016) and 
the possibility of accumulation of sediment on the reservoir has been performed 
(Figure 1). 

https://doi.org/10.4236/gep.2019.78022


O. Nazarenko et al. 
 

 

DOI: 10.4236/gep.2019.78022 330 Journal of Geoscience and Environment Protection 

 

 
Figure 1. Speed of hydrological sediments formation. 

 
Table 1. Water-chemical modes of production. 

№ п/п 
Water hardness, 
mg-eqv per liter 

Water alkalinity,  
mg-eqv per liter 

Water  
temperature, ˚C 

Coefficient of 
evaporation acceptable 

1 4.5 4.5 40 1.516 

2 6.6 6 55 1.105 

3 3 3 25 1.99 

4 2 2 15 2.35 

5 12 3.5 40 1.53 

6 8.5 2.8 52 1.47 

3.2. Research of the Amount of Hydrological Sediments in  
Different Streams 

The conducted researches of discharges of sewage in the interval of 50 … 15,000 
m3 per hour have shown an increase in sediment from 0.11 up to 0.32 mm per 
year in an anthropogenic stream. In summer months it is possible to accelerate 
the dynamics of sedimentation of 0.12 … 0.38 mm per year at 500 m3/hour. 
Calculations of concentration supersaturation suggest the solubility product cal-
cium and magnesium in the production mixture to the multiplicity of supersa-
turation nsCACO3 = 72.34; nsCASO4 = 12.54; nsMgOH = 415.87. With increasing flow 
up to Q = 15,000 m3/h, a relative stabilization of technogenic sedimentation 
going up to 0.14 mm/year occurs. Similar experiments on natural water show 
0.12 mm per year of sediment at 50 m3/hour of flow power. Similar results indi-
cate the need for turbulence of the environment to accelerate the recovery of the 
resource. The research was conducted in field conditions with the receiving data 
on bathymetric sensors located in the Dnieper River. 

The results of the research (Figure 1) indicate the heterogeneity of scenarios 
for managing natural resources. The lower blue curve shows the natural land-
scape, the red trajectory of emissions indicates a 22% increase in sediment due to 
physical and chemical transformations of mixtures (Parente & Pepe, 2018). The 
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upper curve (green) shows an increase in sediment by 11% due to hyperthermia 
(Zhao et al., 2019). The natural data are derived from bathymetric sediment gaug-
es in the characteristic water section crossings. Simulation gives a picture of anth-
ropogenic impact on the intersections of the basin and the place of accumulation 
of the raw material component for urban development [8] [9]. The phenomenon 
of sedimentation, which was investigated under real conditions, is presented in 
Figure 2. The hydrological toolkit for fixing real data on-line has been applied and 
patterns of morphological sediment transport have been revealed (Cherniuk et al., 
2017) (Figure 3). The study was the basis for the development of the software 
“Bathymetry”, for modeling the type of reservoir bed in geometric sections to de-
termine the productivity of rivers in conditions of hyperthermia. 

3.3. Determination of the Power of the Recovered Stream 

The results of the program indicate that in the operational transfer of sediment 
data in characteristic sections there are places of interconnection using factors 
that consistently develop the evolution of the river model. This simulation is 
useful for the formation of natural barriers to spring floods and the creation of 
inventory of building resources (Semenov, 2011). The study of the determina-
tion of the capacity of the reservoir flows has been performed, to assess the ge-
nerating potential. Practice shows that technogenic contaminated streams in 
sections (2, 3) (Figure 2) have low energy potential (about 1.72 W/m2). The cre-
ation of favorable conditions locally at the enterprise helps to get the mode of 
23 … 115 W/m2. The use of cavitation sedimentation for recharge allows to in-
crease the potential to 935 W/m2 of water surface. Control of the completion of 
decomposition of low soluble compounds is relevant for obtaining objective in-
formation on the state of the river (Jorgensen, 2011). Creation of recreational 
lakes is important for obtaining the correct background concentration at a con-
trol distance of 150 … 400 m. 

Technogenic environment of the pollutant complicates the process of water 
recovery, increased operating costs. The power flow index is: 

4 5
5 7

g Q S

B

ρ
ω

⋅ ⋅ ⋅ ⋅ ⋅
= ,                       (1)  

where ρ—density of water (kg/m3); 
g—acceleration of free fall, m2/s; 
Q —water flow (m3/s); 
S—surface area of water, m2; 
B—flow width, m. 
The study of the accumulation of roughly dispersed sediment to prevent 

flooding was studied at a distance of 3000 meters at a flow rate of up to 500 m3/s. 
(Figure 2). It was found that the flow is characterized by peaks of dynamic 
pressure (preservation of predominantly rough sediments) and localized coastal 
erosion (predominantly precipitated), interspersed with morphologically stable 
sediments below the current (Table 2). 
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Figure 2. Flow capacity in man-made sections of the river. 

 

 
Figure 3. Annual values of precipitation at the intersections 
of the reservoir. 

 
Table 2. The capacity of the water flow through the intersections. 

Intersection 
number 

Capacity,  
W/m2 

Water flow,  
m3/s 

Intersection area, 
m2 

Thickness of 
sediments, mm 

1 231 451 148 23 

2 186 457 212 57 

3 197 483 203 48 

4 271 438 241 31 

5 168 471 201 69 

6 248 432 176 49 

7 138 420 193 76 

 
Investigations are conducted in the characteristic cross sections with high 

concentrations of the pollutant. Reducing power in the 2nd and 3rd sections in-
dicates the attraction of a concentrated man-made stream. The stream needs 
mixing to sediment sedimentation. There is an active process of satiation of 
low-soluble salts, as a result of which the precipitate falls and the sensors trans-
mit the model of sediment. 

The results of calculating geomorphic energy should be taken into account 
hourly in case of discharges of sewage in sections (Hosocava et al., 1999). Losses 
up to 80% of the power at a distance of 500 meters and 105% at a distance of 200 
meters distance indicate anthropogenic applications (Figure 3). The mixture 
requires dispersion in the buffer volume of the river at a distance of 150 … 200 
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meters of water flow. Reducing the concentration of components to the back-
ground concentration occurs depending on additional flows or groundwater 
occurs up to 300 meters of water flow. 

The results may be included in Geographic Information Systems (GIS) to de-
termine the stability of processes of geomorphic change (Shypulin, 2010), re-
source concentration, and decision-making on the basin (Nazarenko & 
Bіchenko, 2018). 

Sediment control measures may include: vegetation filtering strips (VFS), lo-
cal sediment basins (LBO) and cavitation fall structures (FCSs). Figure 4 shows 
the performance of deposition by various control measures. The results showed 
an increase of efficiency of 70% when using all three events together (manmade 
deposition of the RFU, deposition with WBW warming and precipitation of ca-
vitational PCBs). 

In the sections of the reservoir, precipitation occurs as a result of an increase 
in groundwater, till 4200 tons/year. Dynamic deposition indicates a short-term 
trend of morphological changes due to the imbalance of the precipitate. The re-
sult is a tendency for excessive erosion and accumulation of deposition. When 
using averaged parameters, the tool offers averaged results. 

The results of the calculations show that the tendency of natural deposition is 
not linear, but depends on the product of solubility of insoluble salts of calcium 
and magnesium. The increasing nature of sediments has intersections that come 
in contact with industrial communications. Ordering can provide the integration 
of results into the “Water Circulation” complex. The rate of sediments can be 
controlled and plan the annual amount of sediment. According to calculations, 
the cavitational-centrifugal precipitate releases flow efficiency up to 935 W/m2. 
Calculations of the critical power of the mixture of flow confirm the evaluation 
of the completion of the sedimentation process. 

The local technogenic environment adds the geological parameters of the bed 
to the equation: 

( ) 01 Z GB
t x

ε
λ

ω
∂∂ ∂

− + +
∂ ∂ ∂

,                    (2) 

where λ—porosity of the bed; 
B—width of water surface, m; 
Z —geodetic height of the bed, m; 
t —cycle duration, hours; 
G—speed of transportation of deposits, m3/s; 
х—distance from man-made issue along the flow, m; 
ε0—sediment porosity, m2/s; 
ω—soil permeability, m3/s. 
Integration of scientific principles into the local Transferblock network for 

visualizing work risks and formatting the Ecoreact solution to preserve the 
morphometric conditions of the reservoir with hyperthermia. 

Investigation of the phenomena of controlled cavitation is relevant for urban 
planning and prevention of anthropogenic phenomena (Figure 4 and Figure 5).  
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Figure 4. Reduction of the salt content (S) of conditionally 
clean liquid at different treatment modes (T). 

 

 
Figure 5. Reduction of salt content (S) at different pressures 
and ozone-cavitational treatment (T). 

 
Bathymetric studies project the duration of sewage treatment taking into ac-
count the background concentration of components in the reservoir. In the case 
of inappropriate quality, the system will revert to the flow and determine the 
number of recovery operations and the duration of the process. The positive ef-
fect of research is observed on Figure 5. The energy consumption of the labora-
tory installation is 5 kW, the productivity is 70 m3/hour.  

Modeling of the strategic volume of reservoirs in the context of ecological 
restoration of reservoirs is executed. The choice of operational factors is related 
to the simulations of the useful volume: 
- man-made load; 
- 50% of man-made load; 
- climatic warming with 50% load. 

The issue of the duration and cyclicality of the process arises for the develop-
ment of production plans. In the course of the study, the conditionally pure en-
vironment was used (Q = 5500 m3/hour, P3 = 65 m3/hour, nsCACO3 = 56,465; 
nsCASO4 = 2.667; nsMgOH = 388.77) and conditional dirty liquid (Q = 5500 m3/hr, 
P3 = 121 m3/hr, nsCACO3 = 122.83, nsCASO4 = 4232, nsMgOH = 1241.22). The results 
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shows when cavitation precipitation, the salt content decreases in conditionally 
clean liqiud from 305 to 282 mg/liter (8%) at 150 minute term (3 cycles). Adding 
ozone as a disinfectant improves the effect from 302 to 207 mg/liter (46%) in 150 
minutes. Temporary work of the installation in 1 cycle suggests reducing the 
amount of salt from 302 to 268 mg/liter (12%). Addition of normalized pressure 
improves the process from 380 to 319 mg/liter at 275 kPa at 90 minutes of expe-
riment. 

4. Discussion of the Results of Restoration Hydropower  
Capacity of the River 

The proposed integrated water pool management shall provide operational in-
formation from indicator changes of the water environment quality using 
man-made mixtures. In the southern regions, where the issue of the disappear-
ance of reservoirs is particularly severe, the excess of the background concentra-
tion of the buffer volume causes a reciprocal reaction of the biocenosis, even to 
the extinction of all species. 

The proposed bathymetric sensors will transmit the operational data of the 
excess of the solvent content of the pollutant. Application of cavitation sedi-
mentation or combined ozone treatment solution will accelerate the processes of 
recovery of the resource. The limitations of technology implementation relate to 
the use of bathymetric sensors and rapid response systems. The creation jobs in 
regional ecological services are necessary for correction of water balance of a 
river and integration of current data in the all-Ukrainian base. 

The development of hydrological modeling is promising in preventing floods 
and reducing the effects of arid phenomena for many water consumers. 

5. Conclusion 

The research of the regional variable soil infiltration is proposed. The paper al-
lows predicting the level of soil moisture and yields of the districts; reducing the 
saltwater content of the recovered water by 8% at cavitation treatment, by 17% at 
ozonation, by 46% at the combined processing; reducing sulfur content of con-
ventionally dirty liquid from 400 to 305 mg/liter at P = 515 kPa in 90 minutes of 
sedimentation, increasing to 31%. This process allowed cleaning up the buffer 
volume of the river and increased the energy capacity to 263 W per 1 m2 of water 
surface. Due to bathymetric sensors, the time of grounding the bed and the op-
erating modes of the water system were investigated: sand at 180 minutes of 
cleaning of an industrial waste water up to 11 minutes on natural water. The 
study of sediments formation in the technogenic liquid in peak mode from 0.31 
to 0.48 mm/per year at 15,000 m3 per hour system is obtained.  
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