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Summary 
Water companies around Britain invest millions of pounds per year in solving flooding problems that affect the houses or businesses of their customers. The problems arise because of the increasing demand on the drainage system, deterioration or the effects of different weather patterns. Each intervention requires extensive modelling to assess the root causes and consider possible solution options. However, the largest component of the cost remains the capital investment of modifying the infrastructure itself. For each scheme, it is reasonable to ask whether a cheaper scheme may have achieved the same result, or whether a slightly inferior result could have been achieved but at a saving so great as to make the approach attractive. With traditional approaches these questions are virtually impossible to answer systematically.

EnginSoft have been working with an ad-hoc Product Steering Group to develop methods of applying optimisation to the exploration of such flood alleviation schemes. 
The paper will illustrate how a range of variant schemes may efficiently be created, their flooding quantified, and their costs calculated. During the process, each design is tested against multiple Design Storms. The solution is linked directly to appropriate cost models that permit the direct financial comparison of each scheme under the full range of storm conditions. The process also provides the means of robustly-auditing of all specified design requirements.
The creation of the various flood alleviation schemes is supervised by a genetic optimisation algorithm which efficiently learns how to pursue the objectives (in this case, flood minimisation and solution cost). The paper shows how these techniques have been applied and is illustrated by sample results and conclusions from real-world cases. 
As an illustration, the chart below shows a summary of the results from the scheme considered for this paper.
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Figure 1: Figure 1: Cost - Performance Measures for a Variety of Automatically-Generated Flood Relief Schemes
It will be noted that a range of solutions have been found with better (lower) flood performance than the manually-engineered solution, and which are also cheaper.
Those solutions along the green dotted line (the Pareto frontier for this problem) allow a number of alternative approaches, contrasting approaches based on increased storage with various schemes for upgrading the sewer pipe network to provide higher flow capacities away from flooding locations. It is also evident that schemes exist which, whilst performing less well than the manual solution, offer sufficient cost advantage to be considered as attractive alternatives.

The real power of the approach is that instead of offering individual solution proposals, the engineer is able to present a map of available alternatives and clearly indicate the cost / benefit trade off between them in an approach than may be readily appreciated by the asset managers responsible for scheme selection.
