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	AMP
	Asset Management Plan

	DCWW
	Dwr Cymru Welsh Water

	CCW
	Consumer Council for Water

	DWI
	Drinking Water Inspectorate

	ECC
	Engineering and Construction Contract

	ECSC
	Engineering and Construction Short Contract

	LA
	Local Authority

	MWS
	Morrison Water Services

	NRW
	Natural Resources Wales

	Ofwat
	UK Water Regulator

	SOR
	Schedule of Rates

	WASC 
	Water and Sewerage Company

	WRC
	Water Research Company




[bookmark: _Toc93051744][bookmark: _Toc101015241]
[bookmark: _Toc131957284]4.0 - Proposed Research Title

What Methods/techniques will DCWW use to identify lead supply pipes to achieve a Lead-free Wales’s by 2050?

[bookmark: _Toc131957285]5.0 - Abstract

This research will seek to further understand the different techniques DCWW and the water industry in the UK will utilise to identify lead pipes, as part of the commitment to achieve a “Lead-free Wales” by 2050.

[bookmark: _Toc131957286]6.0 - Introduction and background

Lead water pipes have been banned in the UK since 1970’s. Exposure to large quantities of lead can lead to health implications especially for unborn babies and young children. Records and maps of lead communication/supply pipes remains very sparsely documented due to privatisation of the water companies in different guises, and in some instances adopting pipework from local authorities without records.
The amount of lead pipes within DCWW catchment is currently classed as unknown, but basic forecasting suggests around 170,000 lead pipes will need to be replaced, working on this basis approximately 25% of the homes in Wales have, or are fed by a lead pipe. The number of lead pipes within dwellings is also unknown, but this is outside of the WASC (Water and Sewerage Company) remit to remove. (DCWW, 2022)
The water main, owned by the water company will have connections leading to the customers external stop stap which is usually found on the footpath against the boundary of the property. This length of pipe is known as the communication pipe and is also part of the water company asset. From the other side of the external stop tap, pipework then runs into the customers boundary (garden/drive etc), into the property to the internal stop tap. This pipe is known as the supply pipe and is the responsibility of the homeowner. See Figure 1 - DCWW - Ownership explained.
The most obvious was to identity lead pipes is within the property. This is usually just underneath the internal stop tap which is more commonly found in one of three places, Under the kitchen sink, near the front door, or in an outbuilding closer to the footpath (garage). Lead is thicker and softer when compared to other metals. Unpainted lead pipes look dull grey in colour and are also soft - if you gently scrape the pipe, you will see shiny, silver coloured metal. (Drinking Water Inspectorate, 2022)
Water pipes are mainly installed under the public roads or footpaths, and therefore the standard approach to confirm the presence of lead is to excavate a small 1m² area, known as a trial hole. This time draining and costly activity if extrapolated to each house in Wales would be unachievable by 2050 and financially unsustainable. (Lees, 2023)
The findings will be beneficial to the UK water industry, to ideally set out which methods are suitable for DCWW, with varying circumstances, looking at geography, construction methods and other varying factors.




[bookmark: _Toc131957287]7.0 - Aims and objectives

The research will review methods and technologies preferred by DCWW, whilst looking across the UK to understand how other WASC plan to tackle the lead removal target set by the regulator Ofwat and investigate if any other WASC has approached similar issues and if they would be applicable to DCWW.
At present DCWW use a ‘find and replace’ style NEC construction contract to remove lead pipes, and this research will look to recommend a preferred method or methods to help achieve its target.
The hypotheses “DCWW approach of a ‘find and replace’ NEC style construction contract, will achieve a lead-free Wales by 2050”. The objectives are:
1. Interview various water industry employees, to understand the current approach including any technologies, issues, and projected outcomes.
2. Recommend a set of methods, that will help DCWW achieve its target, ideally quicker and more cost effectively.
[bookmark: _Toc131957288]8.0 - Literature Review

[bookmark: _Toc131957289]8.1 – Lead not only in Drinking Water
Until the late 1960s it was common for internal and external water pipework to be constructed from lead.
Exposure to lead comes in many forms, air, soil but mainly through our diet due to its vast use and is found to be derived from man-made sources rather than organic. Food can become contaminated during storage and production, albeit lead intake levels are generally found to be low, through food intake since the late 1970’s (Potter, 1997).

[bookmark: _Toc131957290]8.2 - Lead Poisoning
A vast range of studies have been completed on lead poisoning and results vary from acute to chronic exposure. Symptoms can be edginess, irritability and fatigue to muscle tremor, stomach cramps, memory loss, kidney damage, and encephalopathy, a severe brain disorder.
Studies have also shown psychological and behavioural effects, lowering concentration levels, behavioural problems by damaging young developing brains resulting in lower IQs (Shehnaz, 2022).

[bookmark: _Toc131957291]8.3 - Legal Framework for Drinking water quality
The WASC regulator in the UK is Ofwat, who propose and set the standards for drinking water quality with the UK government. This is laid out in the Water Supply Regulations 1989. These Regulations are included in the European Union (EU) Directive for drinking water quality (UK Goverment, 2022).

[bookmark: _Toc131957292]8.4 - Setting the Standard
The current standard for lead traces in drinking water in the UK is 10 µg in any litre of water sampled (UK Goverment, 2022) and (UK Goverment, 2018)

[bookmark: _Toc131957293]8.5 - Dissolving Lead
Acidity found in water can dissolve lead carbonate, the ability of water to dissolve lead is known as plumbosolvency. The dissolving lead can also become deposits sitting in the pipe and dislodged over time into the water supply and potentially ingested. 
There is a higher probability of lead being found in older housing stock, due to aged lead plumbing which may not have been replaced, or catchments with acidic soft water, albeit some alkaline hard water is also plumbosolvent. Acidic soft water is notably present in parts of Wales, the midlands and Scotland (Potter, 1997).

[bookmark: _Toc131957294]8.6 - How big is the problem?
WRc (Water Research Centre) completed a study in 1995, finding there were approximately 8.7 million lead communication pipes and 8.9 million supply pipes in England & Wales (Potter, 1997).
DCWW estimate over 25% of homes in Wales have a form of lead pipe supplying drinking water (DCWW, 2021).

[bookmark: _Toc131957295]8.7 - WASC & Government Responsibilities
When a customer replaces their lead supply pipe, they should contact their WASC who will come and replace the lead communication pipe if present. However, this information is not widely known, and the customer may still not replace any internal lead pipework, so the potential for lead ingestion remains, albeit greatly reduced. 
For many years, means tested financial assistance has been available to householders from local authorities for lead pipe replacement under the house renovation grant system (Ofwat, 2019).

[bookmark: _Toc131957296]8.8 - DCWW Commitment
DCWW have committed in acceptance with Ofwat to:
An increase in the number of lead pipes replaced from 1400 in 2020-21 to 7000 by 2024-25, this will require a strategy for efficient and cost-effective delivery (DCWW, 2021).

[bookmark: _Toc131957297]8.9 - Ofwat Renewals - DCWW Final Determination
Ofwat understands the removal of lead pipes will be an expensive but necessary cost. Therefore, WASC were asked as part of their AMP submissions to estimate the average cost of removing lead supplies. This cost will be re-imbursed to the WASC per renewal, and in doing so A ‘renewal’ was defined by further distinguishing the services:
“The company owned communication pipe and customer owned supply pipe are not counted separately. Where both the supply pipe and the communications pipe are replaced, this will count as one replacement, not two”.
“OFWAT are open to innovation and potential relining of pipe if the same benefits to customers can be achieved and there is no additional disruption to the customer with regards to pressure or reduced capacity” (Ofwat, 2019)
The below diagram provided by DCWW helps to identify supply, comms, and mains pipes:
[image: Graphical user interface, text

Description automatically generated]
[bookmark: _Ref131246828][bookmark: _Toc131957323]Figure 1 - DCWW - Ownership explained. (DCWW, 2022)
It is important to note the WASC is not legally responsible for the supply pipe, which seems to be a commonly unknown. They are also not responsible for any pipe work within the property, also known as ‘internal pipework’. 
Therefore, this imposed requirements by the regulator will incur costs, which in practise are often passed onto the customer. With a finical reimbursement incentive, it is hoped an any lead preplacement project will not impact customers’ bills, and where it falls short to cover any costs, these will be offset by the reimbursement, with an expectation the WASC should be able to absorb the remaining balance. 

[bookmark: _Toc131957298]8.10 - Water UK - Lead Working Group
Water UK, which was established in 1998 to form a single voice for the water industry across the UK. These WASC publish their lead program publicly on their websites and Via Water UK, the headlines of which are listed in Appendix A. Company names have been removed to maintain confidentiality.

[bookmark: _Toc131957299]8.11 - DCWW Lead Program
DCWW lead program sets out various approaches to remove lead:
· Lead amnesty - Customer wide communication via bills/email/SMS to advise if lead is found or known then contact DCWW for a potential free replacement.
· Using local knowledge from colleagues to highlight areas of know lead.
· Corporate wide system search for any connection/reference to lead when found on previous excavations.
· Contract partner excavating using the above outputs to remove lead.
· Water Quality Sampling - Where the customer believes there is lead pipe buried, a sample of water can be tested for high concentration of lead.
DCWW have not publicly published findings however the information can be requested via a FOI request.

[bookmark: _Toc131957300]9.0 - Research Methodology

As stated in the 8.0 Aims and Objectives, the research will use exploratory techniques, used to achieve a greater insight, and will not provide a conclusion, but will steer the research and areas required further investigation.  
Following on from the literature review it was evident information from other WASC and related bodies would play a fundamental role via independent research. The aims would be to expand the current knowledge to an industry wide level, provide analysis and answers the 8.0 Aims and Objectives.
The independent research will take two forms:
1.	Quantitative Research 
2.	Qualitative Research

[bookmark: _Toc131957301]9.1 - Quantitative Research
(Creswell, 2002) noted quantitative research is the process of collecting, analysing, interpreting, and writing the results of a study. It is conveyed in numerical and graphical indicators and can be tested to confirm theories and assumptions. Using this information general facts can be determined.
Common quantitative methods include experiments, observations recorded as numbers, and surveys with closed-ended questions. Quantitative research is at risk for research biases including information bias, omitted variable bias, sampling bias, or selection bias.

[bookmark: _Toc131957302]9.2 - Qualitative Research
Qualitative research involves the studied use and collection of a variety of empirical materials – case study, personal experience, introspective, life story, interview, observational, historical, interactional, and visual texts – describing routine and problematic moments and meanings in individuals’ lives (Denzin NK, 2005)

[bookmark: _Toc131957303]9.3 - Combined Method
According to (Hammarberg, 2016), It is possible to combine quantitative and qualitative methods, although great care should be taken to ensure the theory behind each method is compatible and the methods are being used for appropriate reasons. The two methods can be used sequentially (first a quantitative then a qualitative study or vice versa), where the first approach is used to facilitate the design of the second; they can be used in parallel as different approaches to the same question.

[bookmark: _Toc131957304]9.4 - Survey
Survey research is defined as "the collection of information from a sample of individuals through their responses to questions" (Check, 2012). This type of research allows for a variety of methods to recruit participants, collect data, and utilise various methods of instrumentation.
Survey research can use quantitative research strategies (e.g., using questionnaires with numerically rated items), qualitative research strategies (e.g., using open-ended questions), or both strategies (i.e., mixed methods). As it is often used to describe and explore human behaviour, surveys are therefore frequently used in social and psychological research (Singleton R. A., 2009)
The research will use exploratory techniques, used to achieve a greater insight, and will not provide a conclusion, but will steer the research and areas that require further investigation.  
Surveys will be compiled and tested with 2 colleagues to draw out any changes required. Once completed these surveys will be sent to key stakeholders identified in the literature review.


The below is a list of key stakeholders, however only those the * will be contacted due to time constraints.
· Ofwat*
· UK/Welsh Government
· European Union
· Drinking Water Inspectorate (DWI)*
· Consumer Council for Water (CCW)*
· Water UK*
· DCWW/Glas Cymru*
· Natural Resources Wales (NRW)*
Survey Questions please see Appendix B, with a scooring system in Appendix C.
Quantitative data gathered from the survey, the scores will be analysed in excel using pivot tables to rank the responses, highlighting areas for expansion/focus with the next stage using inductive reasoning (interviews).
[bookmark: _Toc131957305]9.5 - Interview
There are 3 types of interviews:

•	Structured – Planned Questions
•	Semi Structured - No planned questions - free forming
•	Un-Structured – Mixture of both above

[bookmark: _Toc131957306]9.6 - Structured – Planned Questions 
Clear disadvantages to using planned questions, which restrict the interviewer from asking further probing questions should unexpected information be discovered. This also has its advantages to concentrate on the subject not allowing the interviewee to stray from the questions and impart any bias or allow their responses to become unusable for comparison. 

[bookmark: _Toc131957307]9.7 - Semi Structured - No planned questions - free forming
Using this technique there is a real opportunity to allow the interviewee to relax and speak freely, however this allows the topic to be digressed, potentially making the responses unfit for comparison.


[bookmark: _Toc131957308]9.8 - Un-Structured - Mixture of both above
This allows the interview to have a set of core questions on which to expand. It will allow a more natural free forming interview; however, this could prevent the responses from being comparable only from the core questions.

For comparable data, some form of structure is required, using best practice techniques from ‘blended interviews’, which uses a variety of questions styles to gain an insight from the candidate’s base response, the interviews should provide data for analysis. The interviewer should monitor the responses using suitable blended questions (Janz, 1986). Consideration was given to employee a professional interviewer, and maybe a recommendation upon reviewing the outcomes, although this will create an added cost and time to a non-funded study. 
The core questions are listed in Appendix D.
Appendix 









[bookmark: _Toc131957309]10.0 - Research Methodology Review

[bookmark: _Toc131957310]10.1 - Survey
The survey was sent to 6 parties with 100% response rate. Microsoft Forms was used to create the survey with a window of 2 weeks to respond, sent via email containing a verified link and a screen shot depicting the landing page for reassurance. The recipients were individuals known to the author in a professional capacity only, all responses were marked as confidential, all emails were sent separately, but at the same time to ensure no response could be identified.
It was clear all parties agreed the lead removal program could be achieved by 2050, and there was faith in the delivery. 5 out of the 6 parties expected costs to increase and DCWW would have an impact on their current deliveries, and the delivery of the lead program was of low priority to all participants.
If they survey was to be run again, I would consider using a free text box to expand upon Q5 “Do you feel the prevention of pollution incidents from Combined Sewer Overflows is of greater importance than the lead removal program?” as this would have provided scope to understand if the timeline for investment in the lead program should be reduced or expanded. Changing the timeline could impact the delivery method.

[bookmark: _Toc131957311]10.2 - Interview
Eight interviews were conducted over a 3-week period. These were completed via a mix of in person and video calls using Microsoft Teams. The interviews were all water industry personnel who have an affiliation with the lead program. To maintain confidentially, their names will not be used, this was confirmed before and after the interview. All responses listed within this document will be anonymised, but it is important to understand which parties were contacted to provide context/validity.
· DCWW
· Morrison Water Services
· United Utilities
· Thames Water
· Stantec 
· Yorkshire Water
· Integral Energy Solutions
· Wessex Water
The questions were issued 24 hours before the interview to provide the interviewees time to prepare thoughtful responses. Consideration was given to provide a longer lead time, but this could have allowed well-rehearsed answers, rather than a genuine response.
All interviews were conducted on time, lasting, on average 35 minutes. 
Delivery methods and opinions on the lead program varied significantly. There was a conflict between a commercially sustainable project vs a customer service lead program, built around ‘doing the right thing’.
Reviewing the interview responses, there could have been some merit to interviewing all WASC across the UK, to provide a full industry response, but this was not possible due to a lack of response and time constraints. 
Although the interviews were conducted successfully it was evident some interviewees were well rehearsed with little opportunity to expand upon the questions asked. Some answers provided no further insight with one participant advising “It would be unprofessional and misleading to divulge any further information at this time, whilst the lead program is still in its infancy”. This was a similar response across a few interviewees; therefore, I would recommend returning to the interviews, in perhaps 12 months’ time, which could provide insightful information when compared to this document. 

[bookmark: _Toc131957312]11.0 - Results & Discussion

[bookmark: _Toc131957313]11.1 - Survey
The Survey had a max score of 30 with a min score of 5. Each participant answered all questions with the highest score being 25, the lowest 17, providing an average score of 21.
Upon analysis it is evident the score varies significantly based upon the stakeholder’s main interest, suggesting each participant responded with a formal professional response.
The highest scoring question was Q2 – “Do you think the cost of the lead program will impact customers’ bills?” with 25. It is reasonable to assume giving DCWW is a not-for-profit organisation with no external private funding any cost incurred to improve the asset base would be reclaimed via a bill increase. It seems DCWW recent promotion of its ‘not for profit status’ is being received and understood.
The lowest scoring question was Q5 – “Do you feel the prevention of pollution incidents from Combined Sewer Overflows is of greater importance than the lead removal program?” at the time of the report water pollution was high in public/media interest,  it could be argued  this has impacted the scoring of the question, but leads to an important query whether human health impacted by lead found in drinking water is of more/less/equal importance than reducing environmental pollution?


[bookmark: _Toc131957324]Figure 2 – Survey Scores


[bookmark: _Toc131957314]11.2 - Interview
All interviews were conducted successfully, via in person and via MS Teams. 
It was evident each participant had a very similar approach to answering Question 1
1. How does your lead program operate?
Many responses here placed the onus to the customer to contact them and part identify Lead. They would then investigate via excavating a trail hole on the external stop tap to discover if lead was present on the comms/supply.
Two participants are proactively looking for lead, based off desktop exercises where regular water quality sampling at properties indicate lead traces were high. These two participants also bore the cost of any work required to remove lead found within the customers boundary. This would naturally incur a greater cost, but both participants responded “It’s the right thing to do”. 
Other participants decided it was out of their gift to interfere in the customers pipework, it could leave them liable for any warranty and increase costs beyond their budgets.
2. How much did 2022-2023 (fiscal year) cost on the lead program?

[bookmark: _Toc131957325]Figure 3 - In Response to   Interview Q2
3. What have been the main issues? Has there been any unexpected issues?
Most responses were directed around being unable to find lead. In the rare cases where there were records to identify lead, these assets have since been modernised. All parties had used a customer amnesty approach following Ofwat’s final determination, however many responses indicated careful wording of their communication had to be outsourced professionally to elevate fear mongering.
Two parties required a dedicated team for street work permits/notices dealing with the local authority (LA) for excavations. These additional resources and costs had been unplanned due to the current practices where excavation is completed on an emergency basis and a permit/notice is not required. 
The same parties also highlighted when a customer cancelled an appointment on site then mobilisation costs were high and unable to deploy without another permit from the LA.  

4. Do you plan to change your program in anyway, if so, how?
All but two parties plan to continue with the same approach. The changes considered are to move to a desktop analysis for 3-month period continue water sampling to identify areas of high lead. They hoped this would identify areas of concentration providing a new basket of work to investigate. However, they were concerned this would delay the program, but would reduce aborted costs.

5. What technologies or approaches are you using to identify lead?
At present all parties are using an X-ray fluorescence (XRF). This handheld device identifies the element composition of metals in seconds, but the device must contact the metal directly. These devices are ideal for identifying visible pipework, but in many cases where the pipework is buried then, excavation is required adding to the cost of discovery. There is no known technology to identify lead from above ground.
There are also swabs when pressed against the pipe will indicate lead. Although these swabs are cheaper, less effective, they still require contact with the pipework.

6. Are you working with any specialist contractors to deliver this program, and what do they do?
Only 1 party is using a specialist contractor, but they do not specialise in lead detection and removal, they specialise in short, efficient excavations, using a vacuum truck to break ground, vacuum the material exposing the pipework. The plant is expensive to operate and only returns a commercial result when a basket of work is scheduled smartly maximising time working, rather than travelling. 



[bookmark: _Toc131957315]12.0 - Meeting the Aims and Objectives

The aims and objectives set out in 8.0:
1. Interview various Water industry employees, to understand the current approach including any technologies, issues, and projected outcomes.
2. Recommend a set of methods, that will help DCWW achieve its target, ideally quicker and more cost effectively.
[bookmark: _Toc131957316]12.1 - Objective 1
1. Objective 1 - Technologies used to identify lead are restricted to only 2 options. 
· Lead Test kit - Surface swab kits approved for lead paint change colour after contacting lead surface.
· X-ray fluorescence (XRF), all the parties referenced a version manufactured by Hitachi, although other manufactures are available, but provide the same functionality. 
· Current approaches are mainly customer centric. The parties interviewed and the WASC place the responsibility on the customer to identify lead and to contact them for further investigation. One party acknowledge this was not good enough, and if AMP end results are not where the regulator expects them to be, then this will drive a new approach, and negotiations for funding would be based on the current high-level costs of the ‘find’ element of the find and replace contract approach.

It seems to be understandable the WASC believe, where lead is known to be found on their asset base, it has been removed, and anything under the customers responsibility would be out of their remit to investigate without due process and customer consent. This then slows the program considerable requiring appointments at each stage, to avoid trespassing etc.
Only 2 parties consider a different route, where they are reviewing any current excavation work on unrelated assets and sampling water for lead, to provide a wider search, and noting the results in the corporate system.
Candidate 3 suggested the only true way to remove all lead pipes would be to contact each customer living in a property built before the 1970’s to understand if lead is present by way of mass posting the lead swab kits. However, they would first need to identify these properties, and is information they do not currently have.
[bookmark: _Toc131957317]12.3 - Objective 2
2. Objective 2 - Recommend a set of methods, that will help DCWW achieve its target, ideally quicker and more cost effectively.
· During the interview process with Candidate 1, we discussed a question that came up naturally from a question that had appeared in the survey “Do you feel the prevention of pollution incidents from Combined Sewer Overflows is of greater importance than the lead removal program?”, as this is popular topic at present. (Cripps, 2014)
As part of the Pollution Reduction Strategy set by DCWW in 2012, one delivery was via a data exercise using a modelling system by IBM – SPSS. This modelling system was fed data from various sources, to produce hotspots where pollution would occur through looking at the data and drawing out connections. 

[bookmark: _Toc131957318]12.4 - Objective 2 - Recommendations
1 - DCWW pool all its asset base data, including pipe material, diameter, date of install, and any connections to lead previously removed or identified, along with data from the local authority regarding housing stock, age, type of build, and area, to help predict where lead is likely to reside. This could be done via a modelling system as per Objective 3.

2 - Provide the outputs as part of Water UK to invite all WASC to input the same data looking for connections between property age, style, year of build etc to predict across the UK, and assist the local WASC as to other housing stock could potentially require investigation. 

3 - Using the internal corporate systems, conduct a search for references to lead and note similarities between what is found to input into the data module. Where lead references are found these could form the basis of a new work basket for investigation. 

4 - Using the new work basket agree a new schedule of rates based on a 1m squared excavation and plan to work on a street at a time identified by the model. This would maximise the speed of investigation, and all lead found could be compiled to be completed by another team, which would be efficiently scheduled through coordination. If the new ‘Trail Hole’ rate can be commercially effective, this would greatly reduce the amount of aborted costs, and require only 1 permit/notice per street with the local authority reducing the amount of personnel required to manage this. 



[bookmark: _Toc131957319]13.0 - Conclusions
The aims and objectives set out in 8.0:
1. Interview various Water industry employees, to understand the current approach including any technologies, issues, and projected outcomes.
2. Recommend a set of methods, that will help DCWW achieve its target, ideally quicker and more cost effectively. 
By identifying all WASC, and key stakeholders within the water industry the author was able to read widely, carrying out an in-depth literature review. This provided the base knowledge to focus in on key areas, such as technology, approaches, and current understanding. However, as lead was banned from being used in the 1970’s the industry has not acknowledged formally a phased removal of lead pipes until directed by the regulator in the past 2 years. Therefore, except for information published in the last 6 months, there has been no further studies since the 1970’s. This is likely to change over the next 5 years as the WASC increase the program of work and publish their findings, and possibly new technologies come to market as the need increases.
To meet objective 2, the author set out to understand how the stakeholders identified in the literature review, viewed the current lead programs and the WASC approach. This was completed using a survey to gain an insightful understanding highlighted the need for detailed questions to be asked to uncover how the programs would perform and deliver. Following this the author conducted interviews with key WASC personnel. This provided clear indications of a varied approach to the program and highlighted only 2 parties were proactively delivering the program. Although the interviews uncovered different approaches, due this program being relatively new and not monitored by the regulator to date, then overarching information would be complied late 2023.
 
[bookmark: _Toc131957320]14.0 - Recommendations

The lead program is still in its early days, and the lack of current information surrounding the topic had been a potential draw back, but engaging with the WASC has unveiled how challenging the project is, and innovation is key to for an efficient delivery.
The parties interviewed acknowledge once the program reaches autumn 2023, there will be a regulator’s review. It would be advantageous to return to the study then and update the interviews to gain a more in-depth view of costs and a total amount of lead removed, which at present is unclear.
The author recommends carrying out a further study later in 2023 in conjunction with Water UK, as they have access into all WASC, and work as a collaborative group to deliver the best outputs. Although this may seem a conflict of interest as the WASC are rival companies, water is not bought traded like gas/electric. WASC have the monopoly in their own area (except for wholesale water), therefore their performance may be ranked against each other, but operational delivery comes with its own unique challenges per area. Therefore, there is a positive group mentality to resolve these issues. 
Water UK also provide a range of best working practices, when reviewing all WASC data. They do so with sewer connections and have lobbied parliament to ban the use of wet wipes and encourage the “Fine to Flush” symbol to appear on packaging, which manufacturers can apply for test product to be tested free of charge and have the symbol displayed on their product. (Water UK, 2023)
Working with Water UK could allow for a funding study bringing in a several opportunities to interview each WASC individually and review their data. This ideally would lead to a report with recommendations on how to deliver a lead program efficiently. 
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[bookmark: _Ref131954227][bookmark: _Toc101015252]Appendix A
	WASC
	Actively Looking for Lead
	Fund Comms Replacement
	Fund Supply Replacement 
	Providing Financial Support 

	WASC 1
	N
	N
	Y
	£1,200

	WASC 2
	Y
	Y
	Y
	N

	WASC 3
	N
	Y
	N
	N

	WASC 4
	Y
	N
	N
	N

	WASC 5
	Y
	N
	N
	N

	WASC 6
	Y
	N
	N
	N

	WASC 7
	Y
	N
	Y*
	N

	WASC 8
	Y
	N
	N
	N


*10meters free or charge, but only if it is leaking also. However, they do report they review this on a case-by-case basis.
[bookmark: _Ref131950292]Appendix B
	Question number
	Question

	1
	Low Score

	2
	Low Mid

	3
	Mid

	4
	High Mid

	5
	High Score



[bookmark: _Ref131950300]Appendix C
	Question number
	Question

	Q1
	How does your lead program operate?

	Q2
	How much did 2022-2023 (fiscal year) cost on the lead program?

	Q3
	What have been the main issues? Has there been any unexpected issues?

	Q4
	Do you plan to change your program in anyway, if so, how?

	Q5
	What technologies or approaches are you using to identify lead?

	Q6
	Are you working with any specialist contractors to deliver this program, and what do they do?



[bookmark: _Ref131954287]Appendix D
	Question number
	Question

	Q1
	Do you think DCWW Lead Program will achieve its target of ‘a lead-free Wales by 2050’?

	Q2
	Do you think the cost of the lead program will impact customers’ bills?

	Q3
	Do you expect DCWW to provide a lesser service (IE more frequent disruption of supply) as the lead program proceeds?

	Q4
	Of what importance is it to you DCWW achieves its target of ‘a lead-free Wales by 2050’?

	Q5
	Do you feel the prevention of pollution incidents from Combined Sewer Overflows is of greater importance than the lead removal program?

	Q6
	Do you think it is a difficult task to remove all lead pipes in Wales by 2050?



Survey Questions

Candidate 1	Q1	Q2	Q3	Q4	Q5	Q6	4	5	2	5	1	4	Candidate 2	Q1	Q2	Q3	Q4	Q5	Q6	1	5	5	5	5	3	Candidate 3	Q1	Q2	Q3	Q4	Q5	Q6	5	4	3	4	4	5	Candidate 4	Q1	Q2	Q3	Q4	Q5	Q6	5	5	5	1	3	4	Candidate 5	Q1	Q2	Q3	Q4	Q5	Q6	5	1	3	5	3	5	Candidate 6	Q1	Q2	Q3	Q4	Q5	Q6	3	5	1	1	1	1	
Scores





How much did 2022-2023 (fiscal year) cost on the lead program?	
Candidate 1	Candidate 2	Candidate 3	Candidate 4	Candidate 5	Candidate 6	Candidate 7	Candidate 8	1200000	500000	10000	30000	50000	75000	2600000	800000	
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