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ABSTRACT 
In Flanders, most of the drainage systems are combined sewer systems, in which waste water 
and rainfall runoff are drained together.  However, not only rainfall runoff enters these pipes. 
Also other sources of water have a contribution to the flow, as e.g. infiltration of groundwater 
in the pipe system, inflows from drains, creeks, etc…  These flows of relatively clean water 
also arrive at the treatment plant where the influent is diluted and the treatment efficiency 
consequently decreases. 
In order to plan actions to reduce these undesired inflows in the drainage system, it is 
necessary at first instance to quantify these flows.  This paper describes a filter methodology 
to determine the quantities of these undesired inflows from a time series of the total influent 
based on the recession times of the different subflows. 
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INTRODUCTION 
In Flanders, most of the drainage systems are combined sewer systems, in which waste water 
and rainfall runoff are drained together.  However, not only rainfall runoff enters these pipes. 
Also other sources of water have a contribution to the flow :  

• infiltration of groundwater in the pipe system 
• inflows from drains, creeks, etc… 

These flows of relatively clean water also arrive at the treatment plant where the influent is 
diluted and the treatment efficiency consequently decreases. 
 
In order to plan actions to reduce these undesired inflows in the drainage system, it is 
necessary at first instance to quantify these flows.  Also an evaluation can be made of the 
sewer management actions taken, based on the comparison of the quantification before and 
after the actions.  Possible actions to take in order to reduce these inflows are source control 
measures, pipe rehabilitation, … 
 
 
METHODOLOGY 
When the influent flow time series of the treatment plant are analysed, different subflows with 
different response times can be identified.  This is comparable with the subflows in rural 
rainfall runoff (in a flow time series for inflow in rivers) where we can distinct three 
subflows : base flow, interflow and surface runoff.  Because of the difference in response 
time, these subflows can be separated using a filtering technique, as developed by Willems 
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(2000).  This filtering technique is already many years successfully applied in Flanders for 
river modeling.   
The same components are also visible in the influent of a waste water treatment plant.  
In order to quantify the undesired flows through infiltration and drainage, it is necessary to 
separate the following flows in the influent time series : 

• Dry Weather Flow (waste water) 
• Sewer rainfall runoff 
• Infiltration and groundwater drainage 

This separation can be carried out with a similar filtering technique, because sewer rainfall 
runoff has a much faster response in comparison with infiltration and groundwater drainage.  
The latter follows the slower catchment response. 
 
 
THE FILTERING TECHNIQUE 
For the identification and separation of the groundwater flow component from the total 
observed discharge at the WWTP, also a digital filter can be used. It is known from river 
basin hydrology that groundwater flow is exponentially recessive during long dry weather 
periods (the discharge is decreasing in an exponential way). This means that, during periods 
with no groundwater influx (no infiltration any more at the end of a rainy period), 
the groundwater flow time series g(t) can be described by the linear reservoir model equation: 

      )1()1()1exp()( −α=−−= tgtg
k

tg  

where k is the groundwater recession constant and )/1exp( k−=α . 
The recession constant equals the time in which the flow is reduced during dry weather flow 
periods to a fraction exp(-1) = 0.37 of its original discharge (see figure 1). With b(0) the 
outflow discharge at time t = 0, the outflow discharge at time t=k indeed equals: 
      )0()1exp()( bkb −=  
The recession time is closely related to the ‘concentration time’ of the modelled system, 
which is defined as the time the water needs to flow from the (in time) most remote point of 
the catchment to the location at which the output variable is considered (Chow et al., 1988).  
The larger the system or the more the flow is hampered in the system, the larger the recession 
time / concentration time and the larger the interval over which the input values can jointly 
influence the model output. 
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Figure 1. Exponential recession of groundwater flow during dry weather periods.  

 

2 Filtering method for infiltration flow quantification 



10th International Conference on Urban Drainage, Copenhagen/Denmark, 21-26 August 2005 

The recession constant depends on river basin characteristics such as the area, the topography 
and the land use and soil type properties. However, the recession constant of a river basin is 
always an order of magnitude larger in comparison with the time scale of sewer runoff 
(the concentration time of the sewer system). 
Based on these exponential recession characteristics of groundwater flow, Chapman (1991) 
has developed a ‘recursive digital filter’, which can be used for separating a groundwater 
subflow component from a total runoff discharge series. This filter has the following main 
equations:  

  ))1()(()1()( −α−+−= tqtqbtfatf      (1) 
  ))()1(()1()1()( tftfctgtg +−α−+−α=                   (2) 
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where: 
q(t) : the total runoff time series, as input to the filter 
g(t) : the time series of the exponentially recessive subflow component (with recession 
constant k), as filter result 
f(t)  : the sum of all quicker flow components 
Such a filter can be used to separate a subflow component from a series of total discharge 
measurements, in case this subflow component is exponentially recessive and in case the 
recession constant is an order of magnitude higher in comparison with the other quicker flow 
components (in this case, the sewer runoff components). In Willems (2000), it has been 
shown that in the Chapman-filter the intrinsic assumption is made that the subflow component 
and the sum of the quicker flow components have the same (both 50%) cumulative discharge 
volumes. This means that – for the application considered in this paper – the application of the 
Chapman-filter would assume that the rainfall fractions that contribute to the groundwater 
component and to the sewer runoff component are identical. This is an important assumption 
that most often is not valid.  
Therefore, a generalization of the filter was developed in Willems (2000). This generalization 
consists of the introduction of a time-variable fraction w of the subflow component to the total 
discharge. After introduction of a new filter parameter v:          
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and after adaptation of the Chapman-filter parameters: 
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the filter equations (1) and (2) can still be used in the generalization. 
The parameter w represents in this application the mean fraction of the runoff subflow 
component to the total discharge.  It can be calibrated by matching the subflow component as 
close as possible during the different long dry weather periods in the time series. In these 
periods are the sewer runoff components equal to zero and the total discharge has to match the 
filter result. 
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The second parameter of the filter, the recession constant k of the groundwater flow 
component, can be calibrated as the average value of the inverse of the slope of the linear path 
in the recession periods of a ln(q) - time graph.  See this graph for the WWTP-Tienen case in 
figure 2. The slope of the lines in figure 2 equal the recession constant of the groundwater 
flow component. It indeed can be seen in figure 2 that the total discharge is approximately 
linearly decreasing during the long dry weather periods (periods where the discharge is 
continuously decreasing and where no quick flow peaks occur). When s is a number of time 
steps considered during one of these groundwater recession periods, the recession constant 
can be calculated as follows: 

    ks
tqstq 1))(ln())(ln(

=
−−

 
 
 
RESULTS 
The application of this filtering technique leads to very good results in the quantification.  
This was tested on several influent series of waste water treatment plants (daily cumulative 
inflow).  These results show a clear seasonal pattern in infiltration and drainage. 
In the case-studies considered, the following parameters have been calibrated: 

• WWTP-Tienen: k = 100 days; w = 0.3 
• WWTP-Dendermonde: k = 60 days; w = 0.45 

The final filter results are represented in Figures 3 and 4. 
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Figure 2.  Calibration groundwater flow recession constant, for WWTP-Tienen. 
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Figure 3.  Groundwater flow filter results, for WWTP-Tienen. 
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Figure 4.  Groundwater flow recession constant, for WWTP-Dendermonde. 
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FURTHER SIMPLIFICATION 
In order to further simplify the filtering, a first order approximation to the filter was made.  
This first order approach only takes into account the recession time of the flow and makes use 
of a linear approximation of this (exponential) recession.  The water balance is closed by 
assuming the same rising limb of the hydrographs as the (linearised) recession.   
The first step in the simplified filtering is the backwards step : 
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The second step is the forward step : 
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With : t = the time varying between 1 and te 
 K = the slope of the filtered time series 
 Q = the original flow 
 Q1 = the flow after the first backwards filter step 
 Q2 = the flow after the second forward filter step = the final filtered time series 
 
This first order approximation leads to good results : there are differences with the more 
detailed filtering techniques on daily basis, but on monthly and yearly basis the differences 
can be neglected (figure 5).  The main advantage of this first order approach is its simplicity 
as compared with the detailed filtering technique.  Furthermore, the simple methodology is 
less sensitive to gaps in the time series. 
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Figure 5. Application of the detailed and simple filter on the influent time series 
of a waste water treatment plant. 
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CONCLUSIONS 
This paper describes two filtering techniques for the quantification of the different subflows 
that are present in the waste water treatment plant influent (for combined sewer systems) as 
there are : the dry weather flow, the infiltration flow and the rainfall runoff.  A physically 
based more accurate filter technique was used to find out if a more simple approach leads to 
sufficiently accurate results.  For monthly and yearly averages sufficiently accurate results are 
obtained, but it is not that accurate on a daily basis.  This filtering technique can be used to 
verify which combined sewer systems are highly loaded with undesired flows as 
e.g. infiltration. 
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