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Introduction 
 
Liverpool City Council (LCC) has been carrying out the Liverpool Land Drainage Investigations (LLDI) 
since 2008 and provided valuable inventory and condition information on the open and culverted 
watercourses within the LCC area. The next logical step was to combine this information with United 
Utilities sewerage network information and hence the Hydraulic Modelling of Watercourse & 
Sewerage Networks project was created.   
 
This project was an integrated planning and modelling study to investigate potential cost beneficial 
measures that reduce risk of flooding across the three flood risk management authorities: LCC, 
United Utilities (UU) and the Environment Agency (EA). 
 
The approach taken was ‘risk based’ and consistent with the guidance provided by Defra for Surface 
Water Management Plans and Ofwat/EA for Drainage Strategies. Risk based in this context means 
that detailed analysis has been reserved for areas at greatest risk of flooding. It also means that the 
consequences of flooding have been monetised so that the cost of flood alleviation can be compared 
to the benefits in a cost-benefit appraisal. This will enable stakeholders to discuss the merits of 
combining their resources to reduce the risk of surface water, ordinary watercourse and sewer 
flooding in Liverpool. 

The outputs from the project were as follows:- 

·  City-wide flood mapping; 
·  Assessment of 11No “hot-spot” flooding area; 
·  Structural & hydraulic consequence of failure assessment of culverted 

watercourses; and 
·  Recommendations for further Partnership working.  

 
The LLDI study area covered over 125km2 of highly urbanised catchment through Liverpool and 
included a comprehensive urban drainage network, including three wastewater treatment works at 
Fazakerley, Sandon Dock and Liverpool South, 30km of culvert watercourse, 3.5km of open ordinary 
watercourse and 31km of main river.  The vast majority of rivers within the catchment have been 
culverted as the city developed, with the bulk of open channel rivers located to the north and 
constituting the Alt Brook and associated tributaries. 

LCC and UU had both identified a number of flooding “hot-spots” across the city and owing to the 
complexity of the catchment, the cause of flooding was not always evident and it was clear that a 
holistic approach to flood management was required. 

City-wide Flood Mapping  

In order to assess flood risk across Liverpool, hydraulic modelling of sewers, culverts, open rivers and 
surface water flow was undertaken using a linked ISIS/InfoWorks CS/2D model.  Hydraulic modelling 
was undertaken as follows: 
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·  ISIS – A 1D ISIS model was used to represent the hydraulics within open channel rivers in 

Liverpool, primarily the River Alt and Tributaries as well as the Ditton Brook to the east; 
·  InfoWorks CS – Three UU InfoWorks models split by receiving WwTW 

o Sandon Dock 
o Liverpool South 
o Fazakerley 

·  InfoWorks CS 2D – Large flexible mesh surface model to assess routing of surcharged flows.  
 
Hydraulic models were each enhanced with additional information collected as part of this study, 
including: 
 

·  Fine LiDAR DTM; 
·  Short term flow survey; 
·  Asset Surveys; 
·  Culverted watercourse survey; and 
·  Open channel watercourse survey. 

 
Linking of the models allowed for a better understanding of system interaction, with interaction 
between rivers, sewers and overland flow accurately captured, providing a more robust assessment 
of flood risk.  All models shared hydrology derived from Flood Estimation Handbook, with River Alt 
flows scales to match observed peaks.  Owing to model size, city wide flood generation used a coarse 
10m 2D grid, however retained all other model detail. This grid was refined for the assessment of 
“hot-spot” areas.   
 
The flood maps were reviewed and validated against United Utilities DG5 Register (record of reported 
sewer flooding to properties), flooding records from Liverpool City Council and local knowledge held 
by the various stakeholders.  Flood maps were found to perform very well, showing good correlation 
to known flood risk areas across the city. 
 
Resultant flood maps were provided to LCC as shape-files and in a web based GIS Tool (Flood 
Viewer) for review and interrogation.  LCC has the option to upload these maps to the Environment 
Agency’s Improved Flood Map for Surface Water database to replace broad scale direct rainfall 
modelling results. 
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Example of flood mapping 
 

Hot-Spot Assessment 

From the city-wide flood mapping exercise a total of 11 “hot-spot” areas were identified. Hotspots 
were identified by dividing the study area in 500m wide cells.  Within each cell, the number of DG5 
properties and number of properties assessed as flooding in a Q30 event based on hydraulic 
modelling were counted, property and DG5 counts were weighted to give each cell a flood risk score.  
Scores were used to generate a Thematic flood risk map of Liverpool from which hotspots were 
selected. 
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Figure of “hot-spot” area determination 

 
For each of the “hot-spots”, models were refined further and options to reduce flood risk assessed. 
The costs of implementing options were estimated and ISIS Damage Calculator, combined with 
estimated property prices, used to calculate Average Annual Damages (AAD) in each hotspot before 
and after any intervention, giving a monetised “benefit” for each option.  Comparing the benefit to 
option cost gives a Cost Benefit Ratio (CBR), which can be used to identify cost beneficial schemes. 

It was found that damages in all “hot-spots” were generally modest and that options to reduce flood 
risk necessitated significant capacity increases in receiving sewers, culverts and rivers and as a 
result, large scale engineering solutions were not found to be cost effective in these areas. 
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Culvert Assessment 

Culvert assessment was undertaken in two phases, Phase 1 assessed the structural condition of 
culverts and looked to grade culverts by condition and risk of failure, hence identifying highest risk 
culverts. Phase 2 undertook hydraulic modelling to assess the financial consequences of the ten 
highest risk culverts failing. 

Ten key locations were identified from the class 5 and 4 culverts where failure was liable to result in 
extensive damage or disruption.  At each of these locations, 2D overland flow modelling was 
undertaken to assess flow routes, flooded properties and the approximate consequence of failure, 
with a damage cost calculated.  When compared with estimated culvert rehabilitation costs, this 
analysis can be used to target funding to highest risk areas and provides sound financial data with 
which to seek funding. 
 
Future Partnership Working 
 
In the “hot-spot” areas that had no scheme being cost beneficial it was recommended to look at small 
scale structural and non-structural interventions rather than major strategic schemes to improve the 
sewer and watercourse/culvert network. This could include property level protection or smaller 
localised capital improvements which manage exceedance flows locally keeping flood water away 
from the properties, highways and other critical infrastructure. There remains significant potential in 
retrofit sustainable drainage systems as part of such an approach.   
 
It was recommended that the three key stakeholder organisations continue their dialogue over flood 
risk predictions in Liverpool. Future flooding events should be carefully recorded and checked against 
the predictive models to confirm their veracity. Model updates may be trigged by newly observed 
flooding mechanisms and areas of significant changes in land use. 
 


