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CHALLENGE



Industry Background

« Step change in demands placed on wastewater networks
necessitates efficient investment in upgrades

* CSO spills reduced to 10/yr
« Maintain flood risk & wks capacity in face of climate change

 Insufficient modelling resource available

* Manual approaches offer limited confidence
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Study Objectives

Inform “Price Review” 5yr business plan

* Create holistic network solutions to meet all performance
needs:

« Ensure treatment works compliance
» Minimise flood risk across the catchment
* CSO spills reduced to 10/yr

» Using network upgrades:
* Pipe upsizes

Pump upgrades

Storage tanks

Groundwater infiltration removal
* Runoff area disconnection via Sustainable Drainage Solutions (SuDS). *olec,

* Analysis based on 1D hydraulic models GOV.UK




Technical Challenges 7

 High dimensionality O =
L

- 10,000s individual upgrades possible O EU:IIW:U]

» 10,000s individual flood risk points

« Up to 100 CSOs per catchment

]

e Long simulation runtimes I\',

» 1 to 10 years of simulation used for CSO spill count . ~
 High uncertainty in solution requirements .

» Changing regulatory requirements 9
* Unknown boundary conditions B
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Optimisation Approach
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Define The Problem

« Optimisation proforma complete
y water company or consultant

« Captures domain knowledge in
robust, auditable way

ered For the Fatare developed scenario.
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Unless specifically requested, non - circular conduits will be enlarged by the same factor in both width and height. Therefore,
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Determine Extract Events
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Spill Rank

Rank spills from full period Excel VBA Tool

 Find 11 ranked spill « Minimise deviation from 11t
spill across all CSOs

Cuts runtime from
days to minutes
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Run Optimisation

« Multi-objective optimization
* Minimise Cost

* Minimise Flood detriment
* Minimise FFT (dry-day wks inflow)

 Additional constraints

* Max cost & flooding bounds
» 10 spills/yr at each location
« Storm tank utilisation

« Advanced algorithm

Essential due to long simulation times
Avoids wasted capital outlay
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Benefits
« Confidence in optimal solution _‘-e- ]
 No further “what ifs” N
* Holistic, detailed solutions — Lower risk —

 Fair consideration of innovative, sustainable options

 Workflow & Dataset forms a company asset

I

* Provides head-start for detailed design

« Supports region-wide investment decisions @@

« Enables collaborative planning g
[

« Greater level of solution possible

 Speed
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Transferable Concepts

* Pro-forma document for auditable problem definition

Proxy metrics combined with back-check of optimal results.

» Application of multi-objective optimisation to high-dimensional
problem.

« Heatmaps averaging over optimal designs

* Filtering datasets after optimization run
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