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Balázs Istók: Analysis of the Environmental Emission of Combined Sewer Systems 

Introduction 

 

Due to historical as well as economical reasons, many of Europe’s largest cities have 

their wastewater and rainwater flowing through combined sewer systems. Based solely on 

their extent, these sewer systems can already be very complicated. For almost all geographical 

information purposes, digital maps are exclusively used, with those who are up to date storing 

their system information in a database. One of the modern tools of system analysis are 

numerical hydraulic models of sewer systems, which can easily be prepared according to the 

geographical information system database information. Access to the geometrical data stored 

in the database can significantly speed up the preparation of the hydraulic model of a sewer 

system, since modern modeling programs provide a means for importing this data. On the 

other hand, a significant portion of the data is inprecise, and therefore many corrections need 

to be made while preparing the model, which rather slows down the model preparation 

process. 

During the model preparation, inaccuracies are usually manually corrected, going from 

one element to the next, which, in the case of a large city, means a great deal of work for both 

the preparer of the model and the operator of the system. The localization and correction of a 

large portion of the inaccuracies can be automated if a few reasonable engineering 

considerations are taken into account, which can significantly speed up the modeling process. 

My goal was to provide a guide, which contains all the steps that can speed up the model 

preparation process. In preparing the guide I relied on my experiences acquired in preparing 

the hydraulic system model of Budapest. 

The weather of Hungary has changed significantly in the last few decades according to 

the trends of global weather change, and presumably this process will continue. 

Characteristically, rain events occur less frequently, but the occurring events are 

characteristically fiercer and of greater intensity. A greater amount of rain falls during a 

shorter period of time when the rain events are of higher intensity. Since the urbanization of 

our cities is ever increasing, a greater fraction of this rain ends up in the combined sewer 

systems. As a result of this, the amount of rainfall and raw wastewater mixture passing 

through overflows is also increasing, the measurement of which is a very difficult task. 

From the precipitation measurement of a rain event, a properly prepared and 

parameterized hydraulic model can determine the amount of rainfall and raw wastewater 

mixture passing through an overflow with sufficient accuracy. The parameters of a hydraulic 

model are partially given by the geometric data of the sewer system, while the rest can be 

determined from land usage data. The fraction of rainfall remaining on the land, in other 

words the initial losses, can be determined from measurement data or with the help of 

methods provided in the literature. The literature usually provides a range for the results, and 

therefore measurement based results are more site specific, and probably more exact. In the 

case of combined sewer systems, which make up the sewer systems of most large cities, in 

order to determine the fraction of rainwater, it is necessary to estimate the amount of raw 

wastewater entering the sewer system during the runoff. My goal was to devise a method by 
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which this could be determined based solely on regularly scheduled volume flow rate 

measurements of combined sewer systems, comparing results to rainfall measurement data 

and taking into account the effective impervious area of the catchment. 

Since today most large cities clean their raw sewage in sewage treatment plants, 

overflows are responsible for the largest loading of the receiving water. On the other hand, 

since rain loading varies in time and space, it is necessary to analyze multiple years worth of 

data in order to properly estimate the amount of yearly overflow. The hydraulic simulation of 

a large city carried out on a hydraulic model for multiple years worth of data can take multiple 

weeks to complete, which makes operative planning impossible. If the overflow calculations 

make up a part of an optimization process and the calculations need to be repeated multiple 

times, this could take months. My goal was to develop a process by which the individual rain 

events could be replaced by two parameter block rains, and similar rains could be combined 

into rain groups. The overflow can then be calculated by running the simulations for the 

centroid of each group, by which the amount of necessary simulations is greatly reduced. 

Another potential application for hydraulic models is the determination of the amount of 

time necessary for the raw sewage to get from one point to the endpoint (travel time) for a 

given loading, as well as making it possible to forecast the dispersion of pollutants. This can 

be useful in modeling the movement of pollutants which enter the sewage system, giving a 

basis for damage prevention provisions. Some forms of pollution do not move together with 

the raw sewage, but rather swim on the surface, moving along at a speed which varies greatly 

from the average velocity of the cross-section. My goal was to develop a propagation model 

for soluble pollutants, which can be applied in sewer systems, furthermore to establish 

empirical correlations between the travel time and dispersion intensities of pollutants floating 

on the surface and those moving together with the water. 
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Summary of new scientific results in the form theses 

 

Thesis 1 

 

I developed new processes which make it possible to prepare hydraulic models for the 

sewer systems of large cities, which consist of many well defined parameters and topological 

elements, utilizing less man hours than earlier possible. The novelty of this approach, as 

compared to traditional hydraulic models of sewer systems:  

1.1 the categorizing of the GIS database errors, providing algorithms, based on physical 

considerations, which are able to solve these errors;  

1.2 a process for parameterizing the partial catchment areas based on graphical land use 

data.  

These methods were successfully used in preparing the hydraulic model of the Budapest 

sewer system.  

 

The chapters of my dissertation related to this topic: chapter 2 

Related publications: (Istók 2006), (Istók 2008), (Istók 2009a), (Istók 2009b)  

 

 

Thesis 2 

 

I have developed a method for determining the initial losses (the minimal rain level 

needed for a change in the sewer system level), which can also be used for combined sewer 

systems. This parameter greatly effects the amount of unprocessed water to be forecasted. 

According to traditional approaches, the initial loss has customarily been chosen with the help 

of measurement data found in the literature, which is based on data having a small sample 

size, typically collected in other cities, and varying a great deal from case to case. The new 

method introduced here is based on local measurement data, and utilizes filter algorithms, 

based on physical considerations, to make the determination of a given city’s initial losses 

possible, increasing the accuracy of sewer system hydraulic models, with regard to normal 

operation overflow volumes. With the application of the new method I was able to determine 

the initial losses of the catchment of the Dél-Pest Treatment Plant with a relative error of 6%, 

the temperature dependence of which was within error bounds for a temperature range of 1-

28°C. 

 

The chapters of my dissertation related to this topic: chapter 3 

Related publications: (Istók 2010), (Istók 2013a) 
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Thesis 3 

 

I have developed a method for greatly reducing the computational demands of rain 

induced overflow calculations by greatly reducing the number of rain events which need to be 

investigated. 

Applying the proposed method, I have prepared a series of characteristic model rains for 

Budapest, which consists of 9 elements. I have calculated overflow volumes with this method, 

and as compared to the investigated 3 years worth of rain intensity data sampled in 10 minute 

intervals, resulting in 209 events: along with a 97% reduction of computational demand, a 

quantitative discrepancy of only 12% was experienced. 

Applying the new process, I also created a model rain series of 9 element by taking the 

average data of 3 different rain gauges in Budapest, which were located 10.5-17.5 km from 

each other. Comparing the amount of overflow calculated using this data, as compared to that 

calculated using the model rain series of 9 element results from 1 rain gauge, a discrepancy of 

only 12% was experienced. Therefore, for the case of the investigated 7500 ha catchment, the 

results of the applied method did not significantly depend on the territorial distribution of the 

rainfall intensity. 

 

The chapters of my dissertation related to this topic: chapter 4 

Related publications: (Istók 2010), (Istók 2013b) 

 

 

Thesis 4 

 

I have proposed and implemented a propagation model for the dispersion process of 

pollutants entering a sewer system, the mathematical model of which is based on geographical 

data, and furthermore which depends on the hydraulic data taken from the hydraulic 

simulations of sewer systems. I have verified the applicability of the model and determined 

the relative movement of the inert pollutants swimming on the surface of the wastewater with 

the help of on-site measurements. My investigations have led to the following new scientific 

results: 

4.1 Based on my measurement experiences, the ratio of the surface and bulk pollutant 

travel times (=tsurface/tbulk) is in the range of 0.8-0.9, verifying that the travel times 

determined for rivers via measurements (Xia, 1997) can also be applied to communal sewers. 

The surface velocity has a coefficient of determination of R
2
=0.86 and a linear regression 

correlation, having the equation η=17.6 uavg+75.92, characterizes the linear relationship 

between the average velocities of communal sewers uavg.  

4.2 Based on my measurement experiences, the deviation of the travel times for the bulk 

and surface tracers was of the same order of magnitude. The ratio of the deviations for 3 

sewer segments having distinct hydraulic parameters was 0.5 < t,surface/t,bulk < 1. For 
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experiments conducted on streams characteristically having smaller water depth-width ratios, 

the surface dispersion proved to be of greater intensity 1.5 < t,surface/t,bulk < 2. 

4.3 I have proposed a new method for forecasting the propagation of soluble pollutants, 

which utilizes the flow velocities determined from the hydraulic models of the sewer systems, 

various hydraulic parameters, as well as results from an ADE propagation model, which 

applies the Huisman-type dispersion coefficient. I have verified the validity of the model with 

measurements on 16 sections of the sewer system of Budapest.  

 

The chapters of my dissertation related to this topic: chapter 5, 6, and 7 

Related publications: (Istók 2009a), (Istók 2013c) 
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