Research Proposal 2023

Table of Contents
1.	Research Question	2
2.	Abstract	2
3.	Background	2
4.	Aims and Objectives	2
5.	Literature analysis	3
5.1 	The application of artificial intelligence techniques to better manage iron in drinking water distribution systems	3
5.2 Influence of HydraulicModel Complexity on Results of Water Age and Quality Simulation in Municipal Water Supply Systems	4
5.3 Modeling and field work to investigate the relationship between the age and the quality of drinking water at customer’s taps	4








1. [bookmark: _Toc128939207]Research Question

In clean water hydraulic modelling is turbidity modelling a better indication of water quality than using water age?

2. [bookmark: _Toc128939208]Abstract

This Research will investigate the pros and cons of using turbidity modelling in a pressurised potable water network. Currently at Welsh Water, water age would be used to identify where a water quality issue might spread to. Water age is currently preferred as it’s an easier calculation to make however, it does not take into account dilution and several other considerations.

3. [bookmark: _Toc128939209]Background

Being able to accurately predict how water quality events will travel through a water network is crucial. This allows measures to be put in place to reduce the impact on the network and customers supplied off it. On most occasions there is normally a limited time to react when a water quality event happens. So being able to accurately and quickly predict where that water will travel is key to ensuring that the smallest number of customers are affected. 

Currently the favoured method of predicting where water will travel would be to use a water age calculation, which can be done very simply using a spreadsheet or utilising modelling software such as Synergi. The benefit to using water age to predict travel is that it is easy and quick to carry out. What will be looked at is if the added time spent building a turbidity model gives more accurate travel therefore, allowing for a more informed solution. This needs to be compared with the additional time taken. 

Turbidity modelling has been developed mainly by Sheffield University and their PODDS theory. Their research has become the widely accepted method for modelling water quality in a potable pressurised water network. 

4. [bookmark: _Toc128939210]Aims and Objectives

The aim of this research is to identify if it is worth the extra time and effort to calibrate. At the moment water age is the go-to method for calculating various things, as it gives an idea of where in the water network the water should be. However, this does not add any consideration to the dilution of the water or the chlorine levels. 


5. [bookmark: _Toc128939211]Literature analysis

As this is a fairly niche topic with clean water pressurised hydraulic modelling is still a very small industry there is not a great deal of literature around the topic, however the quality of the literature which does exist is very good. The majority of the literature around this topic have come from Sheffield university. One of the most widely used modelling software now uses the PODD’s system developed by Sheffield University.
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The Authors of this paper have used machine learning to try and find patterns using messy historical data. Using machine learning to analyse the data is very appealing as most water companies have lots of historical water event data, however it is often in a very messy unformatted form. Therefore, not being much use for a person to manually process. 

As stated by the authors, the sampling of water is often at a single location at varying time. The sample is normally taken at a set interval, usually once a month. The issue is that the sample then gets analysed at a laboratory the results could be days after the sample is taken. Once the sample has failed more frequent samples will usually be taken. However, this is after the event which caused the failure. This makes it very difficult to retrospectively find patterns. 

The data outputs from the machine learning appear to be promising, figure 6 shows an excellent trend where the last 10% of areas see a sharp increased probability of having iron failures. My concern is how to verify the outputs of the machine model, or to check the model has been correctly set up. This is evident in the data showing that the presence of cast iron pipe in the nearby network is not necessarily an indication that the probability of an iron failure will be high. This goes against the current consensus. 

The machine learning did not use velocities or water age, which are key indicators of water quality. This data would have been very difficult to add to the machine learning, however it is still a crucial measure of water quality issues.
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The methodology used by the authors of this paper, is very thorough which means the test could be repeated to verify their results. However, the authors seem to have complicated the modelling aspect, and their results are not clear. Having read their paper, I am still unsure if they have answered their question.

[bookmark: _Toc128939214]5.3 Modeling and field work to investigate the relationship between the age and the quality of drinking water at customer’s taps 
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This paper provides a very impressive view into the benefits of using computer models to predict the next water quality event. Improvements in affordable high-performance computers has allowed for large scale mathematical calculations to be made using a standard laptop. Modelling software has also evolved to not just model water travelling through a pressurised network. The software can now be set up to model each packed of that water. The authors of this paper look to show the benefits over previously used methods. The widely used method of calculating the where and when decreased water quality would occur was to use a pen and paper method. Taking the average diameter of the mains and taking a flow reading, you can then calculate the velocity of the water, once you have the velocity you can then work out how far the water will travel per metre usually in seconds. This method is quick and easy to do however it has some serious limitations. 
The authors used a water quality modelling software to compare the benefits over using just water age to predict water quality events. 
The importance of accurately modelling water quality is driven by Ofwat who the regulators for drinking water for England and Wales are. The regulators are putting far greater pressure on drinking water providers to increase the quality of the drinking water they supply to customers. This is enforced with large fines if there are failures. most water mains in the United Kingdom are ferrous, mainly cast iron. They are also like to be over a hundred years old. As the writers of this paper state the main cause of water quality issues in potable water mains is high iron content. 

The authors of this paper used two consistent water networks and historical water quality data to evaluate the benefits of water age over turbidity modelling. It has been previously proven that the age of water has an impact on water quality as it has a longer contact time with the iron of the water main. Burlingame (1995). 

As water quality is a very complicated topic, and many different factors can contribute to water quality at customers taps. Taking this into consideration the age of the water is an excellent substitute for water quality modelling and prediction.

Over the last two decades the modelling of water quality has progressed hugely. As CPU capacity has increases it has allowed the modelling software to carry out more mathematical equations. Therefore, letting the software predict to a far greater accuracy. 

Although the software can start to accurately predict water quality events, it is still reliant on a well calibrated model. To calibrate a model to be used for water quality is still very difficult as there are many factors which are difficult to accurately calibrate. The authors allude to the difficulty in being able to acquire some of the data critical to the calibration of the water quality model. Since this report was written there has been considerable gains in water quality monitoring devices, this does allow for easier pipeline coefficient calibration. However, they still have limitations, as sensors become smaller and cheaper there should be significant gains in this area.
The authors of the paper compared water age to regulatory historical water quality samples. Looking back at previous events is a good way to test how well a model works. you can look back at previous events and calibrate the model to emulates the same results. Once you can reproduce those conditions you can have a confidence in your model to predict how the water network might preform in future. This is dependent on the network remaining the same and sediment not building up on the inside of the pipe. Having a calibrated model using the methods the authors used seems a sensible approach to answer the questions of their paper. They took sample data from various parts of the network, with differing water age to see if the model can reproduce the results.

The limitations of the way the writers carried out the tests mean that this way of comparing water age with the modelling of water quality means it will only work in a very specific system set up. They have used mean water age and have assumed the water age at inlets is 0. Ideally, they should have modelled the age back from the water treatment works. as the water could be days old by the time it gets to the inlet of their selected district metered area. The other thing which could affect their results is that they do not mention the material of the trunk main system. Ideally the trunk main which supplies their chosen district metered area could already have poor water quality by the time it arrives. The authors should have had a sample point at the part of the network they are calling zero.

It would have been nice to see a broader sample of networks used, the networks that have been used had very few water quality issues. If the authors had selected an area of network that had historical water quality failures it would have been easier to compare water age with water quality failures. with the failures being so infrequent it could point to other factors for failures that are unrelated to water ages or increases in velocity.

Throughout the paper there are a lot of uncontrollable parameters which then leave the data subject to discrepancy. Because the authors used a real in use potable water network there are many changes every day. Which are very difficult to record and control. The internal condition of the network is also unknown or has not been mentioned. Cutting out sections of the network would have been good however that is expensive and has operational problems but could have given a more accurate view into the results.
The by using a small sample area the authors have limited what the research can tell us. 







