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SUMMARY 

The parameters k1 (coefficient of biochemical oxidation of organic substances) and k2 
(reaeration coefficient) of the Streeter-Phelps model for the reservoir were calculated. Taking 
into account the value of temperature on the solubility of oxygen and the speed of 
biochemical processes, the calculation of parameters k1 and k2 was performed for each month 
of the year. The correlation coefficient between the simulated value of biochemical oxygen 
consumption and the empirical value is 0.86, which can be considered acceptable for such 
studies.  
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Introduction 
The Chervonooskil water reservoir is located within Kharkiv and Donetsk oblasts (Ukraine) and was 
created by means of regulation of the flow of the Oskil river – the first-order tributary of the Siversky 
Donets river. By the project purpose, the reservoir is the main source of the centralized economic 
water supply of Donbas. The reservoir is supposed to be used for irrigation, needs of the fishing 
industry and rest of the population.  
Oxygen is essential for existence of most aquatic organisms and one of the most powerful natural 
oxidants, performing the sanitary-hygienic role in a water body. Oxygen belongs to the most 
important dissolved gases; its content largely determines the quality of water.  
Concentration of oxygen, dissolved in water, is an integral magnitude that is determined by the ratio 
of differently oriented physical-chemical, hydrodynamic and hydro-biological processes that occur in 
the aquatic environment and on the separation boundary "water – atmosphere" (Bezsonnyi et al., 
2017). The main source of oxygen supply to surface water is atmospheric air. In addition, a significant 
part of oxygen is released by plants during photosynthesis (Osadchiy, Osadcha, 2006). Oxygen 
consumption is associated with chemical and biochemical oxidation processes of organic and some 
inorganic substances, as well as with the respiration of aquatic organisms (Osadchiy, 2006). Oxygen 
is consumed at different rates, depending on the temperature, the number of bacteria, other aquatic 
organisms and substances. The Siverskyi Donets river basin, which includes the Chervonooskil 
reservoir, is one of the most complex river basins in Ukraine. The formation of the chemical 
composition and quality of the pool water takes place in heterogeneous natural conditions and under 
the influence of significant man-made loads. Previously conducted studies indicate insufficient supply 
of oxygen in the surface waters of the Siversky Dinets basin (Uhan, Osadcha, 2010). 
Therefore, modeling the dynamics of the oxygen regime of the Chervonooskilsky reservoir, namely 
the indicators of dissolved oxygen (DO) and biochemical oxygen demand (BOD), is relevant both 
with the current provision of environmental safety and for the process of implementing integrated 
water management. 
 
Method and Theory 
The Chervonooskil reservoir refers to the type of plain water-bed rivers. The length of the reservoir is 
85.0 km, its average width is 1.44 km, its average depth is 3.86 m, the area of the water mirror at the 
normal supporting level is 12270 ha. The reservoir is one of the key sources of the drinking water 
supply system for cities of Donbas. This system consists of the main Seversky Donets–Donbas canal, 
which is 132 km long, a number of waterworks, 5 backup reservoirs and the main regulating 
Chervonooskil reservoir. The reservoir has no clearly determined bed of the river Oskil, it is silted 
with sediments, brought from the water collecting area in the period of spring floods. The average 
amount of sediment material is in the range from half a meter at the lower parts of the reservoir to one 
meter in its upper parts. The reservoir is eutrophic – with high content of nutrients, a huge layer of silt 
deposits with a high content of organic matter.  
To calculate the parameters of the model, the process equations according to the Streter-Phelps 
scheme were used. They determine the ratio between the concentration of dissolved oxygen and the 
biochemical oxygen consumption over a certain time interval and are described by a system of 
equations 

 
                                                             (1) 

 
                                                        (2) 

 
where k1 – coefficient of mineralization (coefficient of biochemical oxidation of organic substances, 
1/day); k2 – reaeration coefficient, 1/day), C1=BOD, mg/l; and C2=DOS–DO. Here C2 is oxygen 
deficiency, DOS is the maximum concentration of DO in water (in the absence of waste), mg/l, DO is 
the concentration of DO in water at any point in time, mg/l.  
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For a reservoir that has a constant flow rate U, the value t can be interpreted as the duration (t=x/U) of 
the process in a section of length x at the flow rate U and then the system of equations (1) and (2) has 
an analytical solution of the form (Bezsonnyi et al., 2016): 

 
                                                              (3) 

 
                                          (4) 

 
where C1.0 – BOD at the initial moment in time, C2.0 – oxygen deficiency at the initial moment in 
time, due to the source of pollution. 
In this case, equation (1) characterizes the process of decomposition of organic matter, and equation 
(2) the decline curve of dissolved oxygen. The recession curve shows that oxygen deficiency peaks at 
some critical distance from wastewater discharge (Bezsonnyi et al., 2017).  
The multipliers C1.0 and C2.0 are determined experimentally in equations (3) and (4), the coefficients k1 
and k2 must be calculated. 
From equation (3), the mineralization coefficient k1 can be represented as  

 
                                                                 (5) 

 
Reaeration coefficient k2 is found from equation (4) 

 
                                                            (6) 

 
Examples 
To determine parameters of the model of dynamics of oxygen regime in the Chervonooskil reservoir, 
i.e. value of coefficients k1 (coefficient of biochemical oxidation of organic substances) and k2 
(reaeration coefficient), we will use empirical data of averaged monthly values of correspondent 
indicators of oxygen regime of many years over the period of 2015 – 2020 and calculate from 
formulas (5) and (6). For calculations, it is possible to use both special software and usual office data 
processing programs. 
Temperature of environment is one of the most important factors that affect oxygen solubility in water 
and the rate of biochemical processes. That is why it is appropriate to calculate parameters k1 and k2 
for each month.  
In Table 1 shows the values of the calculated coefficients k1 and k2. 

 
Table 1 Calculated values of coefficients k1 and k2 

Month k1 k2 
January –0,00049 –0,00092 
February 0,00058 0,00079 
March 0,000000 0,00000 
April –0,00019 –0,00021 
May 0,00014 0,00008 
June 0,00048 0,00036 
July 0,00049 0,00021 
August 0,00007 0,00002 
September –0,00020 –0,00031 
October 0,00007 0,00010 
November –0,00007 –0,00016 
December 0,00008 0,00014 
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Based on the calculated values of coefficients k1 and k2, mathematical models of BOD values and 
oxygen deficiency are constructed.  
The correlation coefficient between the simulated value of BOD and the empirical one (Fig. 1) is 0.86, 
which can be considered acceptable given the results of other researchers (Bezsonnyi et al., 2017), 
who indicate that all models proposed for describing the interaction of DO and BOD are influenced 
by the fact of inaccuracy in setting all the parameters of this model obtained from the experiment (the 
magnitude of the error can reach 40 %). 
 

 
Figure 1 Empirical and model values of BOD indices (mg/dm3) 

 
Correlation coefficient between the simulation results of dissolved oxygen deficiency values and 
empirical values (Fig. 2) is 0.7.  

 

 
Figure 2 Empirical and model values of dissolved oxygen deficiency indicators (mg/dm3) 

 
The advantages of the study is the ability to quickly process monitoring data from surface water 
sources. The used model makes it possible to carry out calculations without the use of special 
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mathematical programs. This reduces the requirements for both hardware and does not require special 
training and qualifications of personnel carrying out operational monitoring of water bodies. 
The disadvantages of the model include a limited set of components used in this study, but in this case 
this is justified by the purpose of the study. 
The main purpose of the obtained model is the forecast of BOD indicators and dissolved oxygen 
deficiency based on the results of operational monitoring. The model can be considered adequate for 
predicting the dynamics of oxygen indicators for artificial and natural reservoirs and used in the 
implementation of operational monitoring of relevant indicators (in the implementation of operational 
monitoring). 
Research in dynamics of oxygen indicators is relevant, given the great importance of the reservoir for 
providing of low-water regions of Ukraine with drinking water. Indicators of oxygen are integral 
magnitudes that characterize water quality as a whole. That is why under conditions when is not 
possible to conduct a fully-fledged chemical analysis of water, and a management decision on the 
environmental situation in the reservoir is required, analysis of oxygen indicators and modeling of 
their dynamics will offer primary information for making managerial decision. 
The study is a continuation of the cycle of studying the ecological state of the basin of the Siverskyi 
Dinets River. It is considered promising to include in the equations of the model variables 
characterizing the temperature and hydrological indicators of the object under study for a more 
accurate determination of the parameters. 
 
Conclusions 
 
The parameters k1 (coefficient of biochemical oxidation of organic substances) and k2 (reaeration 
coefficient) of the Streeter-Phelps model for the reservoir were calculated. Taking into account the 
value of temperature on the solubility of oxygen and the speed of biochemical processes, the 
calculation of parameters k1 and k2 was performed for each month of the year. The correlation 
coefficient between the simulated value of biochemical oxygen consumption and the empirical value 
is 0.86, which can be considered acceptable for such studies. 
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