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The main purpose of a wastewater sewer is to carry away wastewater from the source to the 
treatment facilities in a rapid and safe way. However, in practice discharges of untreated 
wastewater occur from almost every wastewater sewer often via Sanitary Sewer Overflows 
(SSO). A number of reasons may lead to unintentional SSO events: additional volumes of 
Infiltration and Inflow (I/I) reducing the effective capacity of wastewater sewers; increased 
contributing population; wrongly designed sewers; blockages; breaks in system operation 
because of maintenance or failures of the pumps. The untreated wastewater from SSO can be 
transferred through the overflow systems into receiving waters, reducing their quality and 
bringing risks to human health and aquatic organisms. 

Increased awareness of the negative effects of SSOs has led to the development of various 
control measures as part of watershed protection programs around the world. As the first step of 
these programs, the volumes of discharges of untreated wastewater into receiving waters should 
be monitored or at least understood by modelling. However, the information about not only the 
volumes of wastewater being discharged through the overflow systems but also the number of 
SSO events is often unknown often due to poor or limited monitoring. 

A further problem is that backflows can occur through an overflow system, with receiving waters 
entering the wastewater network. There are many instances where elevated water levels of the 
receiving water body may result in the backflow of water into wastewater sewers. This additional 
relatively clean water often increases the volumes of water that need to be transported to the 
treatment facility and dilutes wastewater pollutants, resulting in lower treatment efficiency and 
higher costs for chemicals, increasing electricity consumption for any intermediate booster 
pumps and within the treatment plant. 

This paper shows how the flap gates, commonly used for preventing these backflows, can also be 
used for the estimation of SSO discharge volumes. An experimental full-scale setup was 
designed where sewage flowed through a flap gate between two chambers (representing a 
wastewater pumping station and the receiving waters) with a constant flow rate (Fig. 1). The 
water levels in the two chambers and the flow rate were measured. Experiments were performed 
for both dry and submerged flap gate conditions (the latter is relevant for the SSO event 
occurring during high water level in the receiving waters). In total, five flap gates with various 
opening dimensions from 200 to 600mm were tested. 



 
Figure 1. Experimental setup 

 

Based on the results obtained from the experimental runs, the flow rating curves were established 
for dry and submerged flap gate conditions and each of the various gate sizes (Fig. 2). The 
goodness of fit of the obtained experimental data to the regression lines that describe flow rate as 
the function of water head f(ΔH)=Q was at least R2=0.99. 

 

 
Figure 2. Flow rate (Q) to differential water head (ΔH) curves for various flap gate dimensions 
(submerged) 

 

As the function f(ΔH)=Q was experimentally obtained, the calculation of the SSO flow rate in 
practice requires only water level measurements before and after the flap gate. Integrating this 
function over the time of an SSO event duration provides the volume of the wastewater being 
discharged during the overflow event: 

	  

It is concluded that this method provides a means of calculating flow rate and volume of 
overflowing wastewater in a simple and rapid way. As many pumping stations with overflows 
have water level meters already installed, the method for the estimation of the overflow volume 
does not require high investment costs or expensive flow meters. 
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