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The presents paper a research regarding the possibility to establish some mathematical 

correlation between variable parameters specific for a small SBR plant. The data were collected 

for 180 days and as inflow was used real domestic wastewater. Some wastewater key parameters 

were used, and the obtained data was corelated by using Table Curve 3D program. The obtained 

data reveal some direct influences of the SBR cycle times and the analyzed parameters.  
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Water and wastewater management are current issue in all the countries. The developed countries must maintain an 

evolve high level of performance in water and wastewater domain (researches, infrastructures) to create new trends 

and areas of works. Less developed countries, and here we can refer to the east European countries, must adopt plans 

to reconsider their water and wastewater management strategies in the context of global warming (and its effect to 

water resources) and regulation dynamics (new restrictions implemented on the water and wastewater quality). 

Wastewater treatment (even we refer to smaller of bigger localities) involve a high cost. This aspect is a real 

problem in special in less developed countries were the population were limited resources. For these situations must 

adopt lower cost solutions and developed plans to sustain adaptive methods for wastewater treatment [1-9]. 

The municipal wastewater treatment is based on physical, chemical and biological processes. If we refer to lower 

and variable inflow, the Sequencing Batch Reactor (SBR) treatment process is one of the most adaptive and performed 

method to resolve the wastewater issues [10-13].  

The SBR process, as a part of a wastewater treatment plant, can be easier controlled in the cases of inflows 

variation, even if at the beginning of the plant implementation cost are, sometime, higher in comparation with 

continuous systems. For an SBR plant, the biological tank is the main element of the system. The treatment process is 

divided into five phases: filling, reaction, settling, discharge of treated water and sludge [10-22]. 

In the cases of lower variable inflows, the mechanical-biological treatment process is directly by several factors 

(wastewater temperatures, chemical composition). Also, it is known that, SBR process efficiency depend by operation 

time cycle and who the working parameters can counterbalance the problems introduced in the system by qualitative 

and quantitative inflow variation [10-22]. 

In some researches SBR modeling process were performed by taken into consideration some important parameters 

and how these interact [10-22]. 

Considering these, the mathematical SBR process modeling can be extremely useful to evidence the interaction 

between operating conditions and the system performance.  

In this study was performed a mathematical model which evidence the influence between some key SBR 

parameters in some specific working conditions. So, for mathematical model we used the dependency from operating 

time cycle and sludge volumetric index (SVI). 

 

Experimental part 
Materials and methods 

The experimental data used in the mathematical model were performed by using a small Sequencing Batch Reactor 

(SBR) treatment system utilized for domestic wastewater treatment in real operating condition The experimental plant 

configuration use as pretreatment a septic tank which is also a buffer basin for inflow (fig. 1). 
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Fig. 2. The model regarding reduction 

degree performed by SBR plant 

correlated with operating times cycle 

and SVI 

 

                                                    
                      Fig. 1. SBR experimental plant                   Fig. 2. Laboratory used equipment’s [13]: a OxiTop, b Odyssey DR/2500 

 

The operational inflow rate was 0.905 m3/day for 180 days of experimental period. For inflow were used real 

domestic wastewater from Marasesti Campus of Vasile Alecsandri University of Bacau. The wastewater was pumped 

in the septic compartment by using an automatic pump [13].  

Considering the five operation phases of an SBR system, the operating experimental installation cycle were: SBR 

compartment filling; The reaction phase, with aerobic and anaerobic conditions; The settling; wastewater evacuation 

after treatment.  

The wastewater monitored parameters were temperature: total solid suspension TSS, BOD5, COD, ammonium 

nitrogen and total phosphorus. To perform measurements for the water quality parameters were used: OxiTop (for 

BOD5) (fig. 2 a) and Odyssey DR/2500 (COD, ammonium nitrogen and total phosphorus (TP) determination) (fig. 2 

b) [13]. The sludge volumetric index was also performed. 

The operating times variable are presented in the Table 1. 

 
Table 1 

OPERATING CYCLE TIMES 

Type of process Time values (s) 

tdenitrification 360 300 240 

tnitrification 240 300 360 

tsludge recirculation 5 10 15 

 

 

The recorded data, regarding SVI and water quality parameters reduction, were introduced in the Table Curve 3D 

program so, was obtain a mathematical model that describe the correlation for analyzed factors. 

 

Results and discussions 

By using TableCurve 3D program were obtained some models that describe correlations between: 

- Reduction degree performed by SBR plant correlated with operating times cycle and SVI (fig. 2). 

- Reduction degree performed by SBR plant correlated with wastewater temperature and SVI (fig. 3). 
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Fig. 3. The model regarding reduction 

degree performed by SBR plant correlated 

with wastewater temperature and SVI 

               
 

 

The general equation for above models is [13]:  

 

      yxfyexdycxbaz lnlnln
22     

 

Where: z is reduction degree (%) performed by plant; x represent operation times (s), and y is SVI.  

The equation constants are a, b, c, d and f. The values of these constant are presented in the Table 2, 3, 4 and 5. 

 

 

 
Table 2 

EQUATION CONSTANTS VALUES FOR THE MODEL THAT DESCRIBE CORRELATION BETWEEN REDUCTION 

 DEGREE FOR TSS, BOD5 AND COD, CORRELATED WITH OPERATING TIMES CYCLE AND SVI 

         
             Where: td is denitrification time; tn nitrification time and tsr time for sludge recirculation. 

 

 
Table 3 

EQUATION CONSTANTS VALUES FOR THE MODEL THAT DESCRIBE CORRELATION BETWEEN REDUCTION  

DEGREE FOR NH4
+ AND PHOSPHORUS, CORRELATED WITH OPERATING TIMES CYCLE AND SVI 

         
 

 
Table 4 

EQUATION CONSTANTS VALUES FOR THE MODEL THAT DESCRIBE CORRELATION BETWEEN REDUCTION  

DEGREE FOR TSS, BOD5 AND COD, CORRELATED WITH WASTEWATER TEMPERATURE AND SVI 

         
              Were Tinf is wastewater temperature at inlet; Tseptic is wastewater temperature from septic tank;  

                        TSBR is the wastewater temperature from SBR tank. 

 



REV.CHIM.(Bucharest) ♦ 70 ♦  no. 12 ♦ 2019             4577       http://www.revistadechimie.ro 

 

 
Fig. 4. Representation of the relative deviation of the 

mathematical and the obtained experimental data. 

 

 
Table 5 

EQUATION CONSTANTS VALUES FOR THE MODEL THAT DESCRIBE CORRELATION BETWEEN 

 REDUCTION DEGREE FOR NH4
+ AND PHOSPHORUS, CORRELATED WITH WASTEWATER  

TEMPERATURE AND SVI 

           
 

The mathematical model was verified, respectively for all quality indicators analyzed corelated with operation 

times cycle and SVI. Figure 4 present the relative deviations specific for the mathematical model and the obtained 

experimental data.  
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    From the figure 4 it can be observed that most of the deviations is around 0 value. This means that the performed 

mathematical model is applicable to created experimental conditions by considering all the variables. Also, the high 

relative deviation of the mathematical model was -16.77225 and respectively 20.2917 %.  

 

Conclusions 

Experimental techniques particularities were revealed the correlations between the factors that influence an SBR 

plant process. These correlations were also evidenced by mathematical model performed.  

Monitoring of the SBR operation variables factors for 180 days (temperature, cycle times) provide data and creates 

the possibility of methods identifying to reduce operational times and to increase wastewater parameter reduction. 

The model predictability was confirmed by the values of the relative deviation an also comparing the experimental 

data and the mathematical model data. 

The present research confirms the appliance of the TableCurve 3D software in the wastewater treatment process 

data interpretations and provide some direction to other cases of SBR plant with similar application. 
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