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Abstract: When analyzing the operating regimes of a sewerage system, it is essential 

to consider the wastewater inflow hydrographs from each consumer. Furthermore, 

determining flow rates along individual network segments requires accounting for the 

wastewater travel time. The travel time is calculated by dividing the length of the segment 

by the wastewater flow velocity. The peaking factor (coefficient of fluctuation) does not 

fully characterize the wastewater inflow regime, as it fails to encompass all the factors 

influencing flow variability. 
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It is well known that when wastewater pumping stations operate into a common node, 

the issue of one pumping station "suppressing" others arises. Therefore, when organizing 

the operation of each wastewater pumping station, it must be considered in conjunction with 

the operation of other wastewater pumping stations. In the theory of hydraulic circuits and 

the theory of water supply network calculations, it is commonly accepted to model pumping 

stations as virtual networks with piezometric head and connect them to a common virtual 

node at atmospheric pressure. 

It should be noted that once the capacity of each wastewater pumping station is 

determined under conditions of joint operation, it is required to compare these loads with 

the inflows of the receiving reservoirs and draw a conclusion regarding the feasibility of 

implementing this operating regime. Other operating regimes may also arise, such as when 

one wastewater pumping station suppresses another, when the capacity of a wastewater 

pumping station exceeds the working volume of the receiving reservoir, or when significant 

inflow volumes lead to reservoir overflow. 

Undoubtedly, considering the operation of manholes and gravity collectors under 

pressurized regimes, the periodic scheme can be represented as an individual virtual node 

(a node at atmospheric pressure) and virtual branches connecting the manholes and 

pumping stations to this node.. 

 
Modeling the Joint Operation of Pressurized and Gravity Pipelines under Pressure 
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It is well known that in pressurized systems, changes in flow rate propagate at the speed 

of sound in water - meaning almost instantaneously. In gravity (non-pressurized) systems, 

however, flow variations occur over the travel time from the discharge node to the cross-

section under study. For long-distance collectors, this travel time can be substantial, and in 

large urban areas, it may be measured in hours. Therefore, travel time must be taken into 

account both in the design and the modeling of wastewater disposal networks. 

When analyzing the operating regimes of a sewerage system, it is essential to consider the 

wastewater inflow hydrographs from each consumer. Furthermore, when determining flow 

rates along network sections, the wastewater travel time must be factored in. Assuming that 

individual portions of wastewater within discrete time intervals have constant values and 

move independently of one another, the flow rate values at the end of the calculated section 

can be determined through the travel time of each such portion. The travel time is calculated 

by dividing the length of the section by the wastewater flow velocity. 

If regulating reservoirs are installed along the wastewater flow path, then the capacity of 

the regulating storage (as in water supply systems) and the subsequent wastewater flow 

hydrograph can be easily calculated. If the wastewater flow regime is analyzed over a specific 

time interval, the corresponding flow rates for each collector are selected from these 

hydrographs to perform the hydraulic calculation. 

Undoubtedly, given the uneven inflow of wastewater into the collector, the propagation 

of wastewater along the collector must be analyzed as an unsteady non-uniform liquid flow. 

Indeed, small wastewater volumes travel at lower velocities, whereas larger volumes move 

at higher velocities. Consequently, larger flow volumes overtake smaller ones, accelerating 

their movement, and so forth. Performing such calculations is essential when justifying the 

parameters of wastewater disposal networks to analyze flow velocities. 

Knowing such distributions for each consumer, it is not difficult to justify the schedule of 

wastewater inflow into the drainage networks as a design chart (for instance, the schedule 

shown by solid lines in Figure 2 is considered the most probable). Such charts can be plotted 

for any time interval. 

 
Figure 2. Diurnal flow distribution histogram 
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The flow rate values obtained for specific sections of the water supply system indicate that 

using the general coefficients in accordance with QMQ 2.04.03-19 leads to an 

underestimation of the design flow rates (this is particularly pronounced within intra-

quarter networks). However, when the wastewater travel time is taken into account, the 

method proposed by the QMQ leads to an overestimation of flow rates in the main collector 

running from the district territory to the wastewater treatment plant (WWTP). 

It should also be noted that, according to QMQ 2.04.03-19, the parameters of prospective 

and developing wastewater disposal systems are justified assuming a steady state flow of 

wastewater at a uniform velocity. However, during the operation of wastewater disposal 

systems, the wastewater flow rate continuously varies in almost every section. 
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