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1. Background 

Our wastewater network models are mathematical hydraulic models that represent our wastewater 
systems. The models are built using Infoworks ICM, an industry-leading modelling software. This 
software is the predominant tool used by water companies across the UK and is specifically 
designed to enable modelling the interaction between the natural environment and constructed 
assets such as our wastewater networks. 

Wastewater network models predict the flow and where discharges and flooding could occur under 
different rainfall conditions, and provide valuable information regarding the current and future 
performance of a wastewater network. They are used to predict network risks and help us make 
decisions on the type of operational response needed to address issues relating to the resilience of 
our assets and future demand. 

Our models undergo a regular quality assurance to ensure the outputs reasonably represent the 
current and future performance of our wastewater networks. This assurance process is called 
model verification.  We use data on the actual flows in the wastewater network to verify and 
validate our models by conducting flow surveys to measure the flow within the wastewater network 
at strategically chosen locations. This observed data from the flow survey is matched to the models 
to ensure the models reflect what actually happens in the wastewater network. The surveys 
typically take between 8 and 14 weeks to complete in order to collect sufficient information during 
rainfall events and storms. This validation technique also uses longer-term operational data 
collected at the pumping stations, storm overflows and wastewater treatment works that make up 
our wastewater networks. 

 

2. Modelling for the Baseline Risks and Vulnerability 
Assessment stage 

 
The wastewater network models were used during the Baseline Risk and Vulnerability Assessment 
(BRAVA) stage of the DWMP programme. More information about the BRAVA can be found here 
[link to the BRAVA tech note].  The BRAVA assessed the current (2020) risks to customers and 
the environment from the performance of our drainage and wastewater systems, and the future 
risks (for 2050) for 6 of the planning objectives where it was possible to do so.  We used our 
hydraulic models of the wastewater networks to predict the future performance of the systems 
taking into account urban creep, climate change and the condition of the network.  

We applied the predicted figures for development and urban creep to assess the future impact on 
domestic and trade flows.  We also investigated the effects of increases in rainfall from climate 
change, and from infiltration if groundwater levels were to rise in the future. This process is called 
design horizon modelling. The design horizon model results generated at the BRAVA stage were 
used to inform the risk bands (scores) for the six national planning objectives. [relevant links to the 
web page]  

The hydraulic models were used to understand the future risks from the wastewater network in the 
years 2020, 2025, 2030 and 2050 for the planning objective on the risk of flooding in a storm 
(annualised flood risk). 
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3. Modelling for the Problem Characterisation stage 

 

The wastewater network models were also used during the Problem Characterisation stage of the 
DWMP to help us to identify what is causing the most significant risks.   
 
The network models were used to understand where the flow within the wastewater network 
originated from, whether foul, trade, runoff or baseflow, and the proportion of each. This 
identification of the types of flow is called the source apportionment. Source apportionment is 
helping us to identify which contributors are currently causing the greatest risks in each catchment 
and are likely to be the greatest risk in the future. Source apportionment was undertaken on the 
2020 and 2050 design horizon models and the contributions from the following variables were 
assessed: 
 

 Flow generated by the population served within the catchment (also known as foul total, see 
figure 1). These flows consist of water usage from properties based on the daily consumption 
rate of a person. 

 Flow generated by industries and commercial properties (also known as trade total, see 
figure 1). These flows consist of water usage and wastewater generated from industrial or 
commercial practices. 

 Flow generated by the direct runoff from paved and impermeable surfaces (also known as 
other sources, see figure 1). These include roofs, roads, driveways and paths. 

 Flow generated by the runoff from permeable (or pervious) surfaces (also known as other, 
see figure 1). These flows include the direct runoff of rainwater as a result of ground 
saturation. These can include but are not limited to gardens and fields. 

 Flow generated by infiltration (also known as baseflow total, see figure 1). These flows are 
created when water in the soil surrounding the pipe can infiltrate the wastewater network 
through the pipe joints, or any cracks or deformations in the pipes where present. Infiltration 
has two components: baseflow infiltration from groundwater (also referred to as base 
infiltration, see figure 2) and rainfall-induced infiltration (also termed groundwater infiltration 
in figure 2).  

  
 
We have shown source apportionment in the form of a pie chart for each wastewater system. An 
example of the pie chart showing a wastewater network modelling result is shown below in Figure 
1. A pie chart was chosen for simplicity; the more significant the section, the larger the identified 
contributing flow.   
 
 
Figure 1: An example of the Source Apportionment pie charts for 2020 and 2050 
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4. Using modelling to inform choices for the Options Development 
and Appraisal 

Source apportionment modelling was undertaken at a wastewater system level to help us to 
identify what is causing the most significant risks. This information enables us to identify the most 
appropriate options to implement in order to reduce the risks. 
 
Results from the 2020 models demonstrate what is taking place now and provide the baseline 
scenario. The models enable us to consider what the future risks may look like, and the types of 
options (known as generic options) that may work to reduce them. 
 
The current model baseline results for 2020 were directly compared with the model results for the 
2050 design horizon to explore and test the effectiveness of various generic options. The model 
results were presented in bar charts for each wastewater system. This information has allowed us 
to identify strategic options for managing surface water that can then be considered by the Options 
Development and Appraisal (ODA) stage. An example of how the modelling results can be used 
during the generic options to inform and select potential benefits is shown in Figure 3.  The longer 
term future risk shown in the 2050 design horizon model was adjusted to represent a reduction in 
the contributing flows to help determine whether an option targeted at reducing the contributing 
flows would improve the future resilience of the wastewater network.  
 
The current model simulation results are shown in the first bar titled “Current year 2020 model 
prediction”. All following bars represent the theoretical reductions that could be achieved by each 
contributing flow variable for a 2050 design horizon. The red line indicates the increase or 
decrease in predicted flood volume when directly compared with the current model baseline. 
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Figure 2:  Using the hydraulic models to predict future flood volumes and potential options 

 

 
 
 
 

5. Future Modelling  

We will continue to use the wastewater network models for further options development as the 
DWMP programme progresses. They help ensure that we can target and address the most 
significant risks in our systems. 
 
The models provide us with a scientific and repeatable assessment with which to compare the 
potential efficacy of options and support quantify the benefits that can be accrued by addressing 
specific hydraulic risks within our wastewater systems. 
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