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Executive Summary 

This deliverable presents the WISDOM projectôs work towards establishing the WISDOM Domestic, Corporate and 

City Water System Integration Strategy. This strategy, together with Deliverable 1.3 will feed into the work to be 

conducted in WP2 and WP4. 

This document describes the specification of the WISDOM integration strategy that will integrate the entire water value 

chain with the developed WISDOM software.  

The integration strategy outlined in this document is drawn from three processes: 

Å Analysis of the current integration strategies utilised within our pilot projects; 

Å Analysis of the current state of the art; 

Å Analysis of the integration system expertise available within the WISDOM project. 

This document firstly describes the integration systems deployed in our pilot project in Italy, Wales and the testing 

facility AQUASIM. We then describe the WISDOM abstract integration strategy, which consist of six phases (a) 

sensing (b) local communication (c) WISDOM field entities, (d) global communication, (e) the WISDOM core and (f) 

analytics components. 

This document then takes each of the scenario deployments (described in D1.1) and,  in the context of these six phases, 

we review applicable technologies that are both part of the WISDOM consortium capabilities as well as current state of 

the art applied mature research that is applicable within the project framework. 

This review involves identifying elements that shall be used within our integration strategy including; the CSTBox and 

the Concordia local communication system from respectively the CSTB and ADV partners. We also review the current 

state of the art research by introducing some of the well-known benchmarks for water distribution system as well as 

describing the stage of the art in the field of water network design and management, water network simulations and 

water network operations with specific regard to the WISDOM project goals that are mainly related to optimal and 

smart water resource management by means of the integration of advanced software and hardware (ICT) techniques and 

tools for diminishing the impact of water leakages and spills.  

From this review we specify, for each of our pilot deployments our integration strategy, setting out how these sensing, 

communication and computation components will integrate into the WISDOM strategy to provide the services required 

by our scenarios. 
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1. Introduction 

This deliverable presents the current progress that has been taken towards developing the WISDOM Domestic, 

Corporate and City Water System Integration Strategy. The work in this deliverable is related specifically to Task 1.2 

within the WISDOM project. 

Specifically the goals of this deliverable are: 

1. To analyse the existing integration strategies used within our pilot projects; 

2. To analyse the state of the art techniques of urban water system design, simulation and management; 

3. Identify and analyse existing high performance numerical simulations and analysis models to enable innovative 

integration of these systems across the water value chain to allow prompt decision making and management; 

4. Describe the WISDOM integration strategy in the context of the experience and technologies available within the 

WISDOM consortium, drawing on the knowledge gained from the study of existing integration systems and the 

review of the state of the art; 

The results of Task 1.2 will document the WISDOM integration strategy including the exploration of the necessary 

control and monitoring platforms on which the water value chain water optimization algorithm will be implemented. 

The innovative components, as well as the preliminary practical specifications of the system, are described for 

introducing the technical and methodological specifications supporting the WISDOM framework for achieving the 

project goals. 

This deliverable will help to develop, within the selected scenarios described in deliverable D1.1, a holistic 

approach/methodology to enable the effective integration of water systems, components and related data and 

knowledge. 

 

1.1. The WISDOM Project 

The WISDOM project aims at achieving a step change in water and energy savings via the integration of innovative 

Information and Communication Technologies (ICT) frameworks to optimize water distribution networks and to enable 

change in consumer behaviour through state of the art demand management and adaptive pricing schemes. 

The WISDOM integrated framework will be first validated on a full-scale experimental facility in France (AQUASIM) 

before being finally installed, monitored and evaluated in two pilot projects ï in Wales (UK) and La Spezia (Italy). 

These demonstrators will be used to show the benefits of the new integrated concept but also to validate models and 

technologies in order for the concept to be easily replicable throughout all countries and differing European countries. 

The partnership assembled to deliver WISDOM project provides a combination of different key players in the field of 

water management, technologies, information and systems analysis: research and academic partners, ICT companies, 

industry SMEs, engineering consulting companies, water utility companies and local authorities. 

The WISDOM solution will be able to: 

¶ To collect real-time data about water consumption at domestic, corporate and city level; 

¶ To deliver an ICT framework for real-time and predictive water management at domestic, corporate and city 

level; 

¶ To provide a water decision support environment to enable professionals within the water industry to visualise, 

manage and optimise the water system; 

On a wider scale the WISDOM project aims to: 

¶ To develop and adapt state of the art domestic, corporate and city models of the water system; 
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¶ To improve the awareness of household and business water users, with a goal of encouraging changes in their 

behaviour; 

¶ To introduce innovative resource and demand management schemes; 

The WISDOM project will be demonstrated using two pilot sites in Cardiff, South Wales, United Kingdom and La 

Spezia, Italy. These two pilots will be used to identify how the project can be replicated throughout all countries and 

differing European climatic areas. This demonstration will enable the development of effective business models for the 

implementation of the WISDOM system 

 

1.2. The WISDOM Scenarios 

WISDOM scenarios were initially described in Deliverable 1.1 and represent the culmination of the WISDOM 

requirements capture process. This process sought to identify, from the perspective of the water value chain 

stakeholders, the key areas of innovation that the deployment of the WISDOM system should bring to a water network. 

These scenarios form the initial problems at which the WISDOM system will be targeted. 

For the purposes of organisation these scenarios have been divided into three categories that group similar scenarios 

together: 

Demand Improvement: 

¶ Understanding usage consumption behaviour and providing novel feedback; 

¶ Household leakage detection; 

¶ Reduction of peak water to reduce energy demand though novel user engagement; 

¶ Advanced devices for the improvement of the sustainability of the water value chain; 

Network Knowledge: 

¶ Intelligent sensor and visualisation integration for network monitoring; 

¶ Identification of leakage throughout the water value chain; 

¶ Investigation of crowd sourcing for user empowerment and dynamic compliance feedback; 

Resource Management: 

¶ Predictive decision support to reduce the energy consumption of the water value chain; 

¶ Predictive decision support for the clean water system; 

¶ Optimisation of reservoir levels to facilitate water savings; 

¶ Optimisation of pumping schedules through the water value chain; 

¶ Predictive decision support for the waste system. 

 

1.3. The WISDOM Scenarios Deployment 

In order to provide solutions to the problems identified by the WISDOM scenarios presented in Deliverable 1.1, this 

section will describe how these scenarios will be deployed within our pilot. In total there are 6 scenario deployments. 

This section will briefly recap these deployments, as they provide the focus for the requirements elicitation process 

within this deliverable. 
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1.3.1. Network Monitoring  

The deployment of the Network Monitoring scenario is an underpinning requirement of the rest of our deployments. 

Thus, it will be deployed in each pilot site. The key goal of this deployment is to utilise real-time monitoring 

technologies to discover knowledge about the state of both the clean and waste water network. Additionally we aim to 

understand to what extent semantic reasoning and data analytics can provide extra understanding of the water network 

compared to what can be directly sensed. 

This deployment will also utilise crowdsourcing through communication channels such as mobile apps or social media 

to improve the reporting of water supply issues (push notification when your neighbour has a problem-do you have this 

too?) and to promote frugal water use. 

 

1.3.2. Clean Water Optimisation 

This deployment will target the Predictive Decision Support, the optimisation of pumping schedules and the 

optimisation of service reservoir level scenarios. This deployment will take place in Tywyn Aberdovey (Norht Wales, 

UK). The key goals for this deployment are to research and deploy innovative approaches towards an optimisation of 

service reservoirs and pumps with respect to energy savings and, by using these optimisations, provide dynamic 

actuations and actuation suggestions for water network operators. 

 

1.3.3. Demand Management 

This deployment will target all of the scenarios related to demand management and peak demand reduction. This will be 

deployed in the Grangetown area of Cardiff (Wales, UK) and tested/calibrated in the AQUASIM (Nantes, France). 

This deployment aims to research user consumption and behaviour, and develop from this a range of near-real time 

feedback mechanisms to invoke behavioural change in end users. We aim to utilise near real time water usage data and 

social/cultural characteristics to target the most effective behavioural change approaches to water customers. As part of 

this, we also aim to understand the effects of water saving using social and water gaming concepts by utilising property, 

locality and DMA meter/flow data. 

 

1.3.4. Leakage Detection  

This deployment will tackle the leakage detection scenario and will be demonstrated in La Spezia (Italy) and a 

laboratory setting.  

This deployment involves the usage of monitoring devices on pipelines that will aim to identify and locate leaks. Two 

approaches will be utilised for this scenario; firstly, a pressure and flow based approach will be trialled in La Spezia and 

a pressure, flow and vibration based approach that will be trialled in a laboratory setting. It is our belief that this fusion 

of flow, pressure and vibration data will provide a higher accuracy in locating leakage. However, at this point, it has not 

proved feasible to deploy this in a full pilot setting, thus its deployment only in a laboratory based environment. 

At a global level, it is our belief that these leakage detection deployments will support network operators in managing 

leakage within a water network, reducing the time taken to identify leakage and subsequently improving the ability and 

time taken to localise the leaks once detected. 

 

  



 

WISDOM  
D1.2 ï Domestic, Corporate and City water systems and components integration strategy 16 

 

 

 
Small or medium-scale focused research project (STREP) FP7-ICT-2013-11 ï GA: 619795 

 

1.3.5. Advanced Devices: AQUASIM  

This scenario will be deployed and tested within the AQUASIM simulator. It involves understanding the impact that the 

utilisation of a range of devices within the water network, focusing in particular on in-home devices. This deployment 

will util ise water network monitoring to better understand the effect of these devices on the network as a whole and, by 

using the data gathered on the benefits of these device, WISDOM will ascertain and predict the possible benefits of their 

implementation in other properties and on a wider scale. 

 

1.3.6. CSO Spillage Prediction 

This deployment will target the predictive decision support scenario, focusing on the waste water network. This will be 

deployed and tested in the Gowerton area, near to Cardiff (Wales, UK). This deployment will assist in the prediction of 

when combined sewer overflows (CSOs) in wastewater networks will occur and suggest actuations to assist with the 

problem (such as extra pumping). These predictions will assist waste network operators in managing the network and 

understanding where and when spillages are likely to occur, allowing spillage events to be better managed or even 

avoided. The CSO spillages will be predicted based on the meteorological data, real-time waste network monitoring 

data, and user consumption data.  

 

 

1.4. WISDOM Iterative Methodology 

The WISDOM project is following an iterative action research methodology, this is due to the dynamic and evolving 

nature of urban water & waste system and the complex socio-technical nature of the problem domain that we are 

tackling. This methodology is described in Figure 1.  

Within this figure we have defined several key milestones within our methodology including (a) identification of 

scenarios (b) specification of the WISDOM solution (c) system implementation and (d) deployment and validation. 

We envisage that our development will take an iterative approach and will run in three incremental phases.: 

¶ Phase 1 will deliver the Basic WISDOM research platform, delivering the core network monitoring scenario 

deployment; 

¶ Phase 2 will deliver the first wave of WISDOM scenario deployments, and add soft actuation support.  

¶ Finally, phase 3 will deliver the remainder of the WISDOM scenarios; 
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Figure 1: WISDOM Action Research Methodology 

 

 

1.5. Document Summary 

Within this deliverable, Section 2 describes the overall WISDOM integration approach and our system integration 

strategy. Section 3 describes the pre-existing components that will be integrated into the WISDOM system. This 

includes existing hydraulic modelling of the water network  and the existing integration strategies used in our pilots. 

The remaining sections focus on the reviewing the relevant state of the art for each of our deployments that will be 

utilised for each scenario.  Section 4 describes thechnologies and processes for network monitoring, while Section 5 

present processes for user engagement for demand management . Section 6 describes the adoption of clean water 

optimisation system and Section 7 describes the adoption of systems for spill detection.  Section 8 outlines the adoption 

of thecnologies for leakage detection. Section 9 describe the adoption of advanced devices for in-house network 

monitoring. This research will provide a basis the development of a series of series of analytic components that will 

integrate with the WISDOM core system. FInally Section 10 documents how WISDOM will be integrated into each of 

the pilot sites by following the WISDOM integration strategy. 
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2. WISDOM Integration Approach and Strategy 

This section describes the WISDOM integration approach and strategy.  The core strategy taken by WISDOM lies 

entirely in the seamless and robust integration of components from a variety of sources including; (a) existing 

technology from partners, (b) existing infrastructure within the pilot and (c) new technology developed within the 

project. This also includes components such as sensing nodes, computing nodes performing edge processing and 

virtual/physical machines deployed in private/public cloud environments. Following this strategy will ensure that all 

developed components are able to successfully participate with the overall WISDOM solution. This, in turn, provides an 

unprecedented opportunity for users to avail of data sources hitherto disparate which has meant that meaningful 

information regarding water network operation to customer use  has been difficult, nay impossible, to obtain and 

assimilate. 

 

2.1. The WISDOM Approach to Integration 

The WISDOM integration strategy is the overarching vision that ties together the components operating within the 

water value chain and the WISDOM core services.  

At the highest level the WISDOM integration strategy can be defined as implementing a "Monitoring - Optimisation - 

Response" approach.  In this way the WISDOM solution will monitor  the water network for sensor data, perform 

optimisation or processing of the gathered data, at varying levels within the system,  and finally, implement a response.  

This response could range from automatic actuation to a request for human involvement. The integration of these 

systems and data enable the amalgamation of information in new ways allowing new mechanisms to be used to 

understand the water systems and how to improve them, and in some cases in óreal-timeô. 

Figure 2 shows a high level view on the WISDOM integration strategy ï where sensors deployed in assets (such as a 

pumping station) will record data, then use a local communication medium to communicate results to a field entity.  

These WISDOM field entities are devices with computational capacity, which are deployed as edge processing units 

also intended to bridge the communications gap between the sensors and the remainder of the WISDOM system itself. 

We do not specify exactly what an WISDOM field entity is in terms of hardware, but it is anticipated that the hardware 

may well vary. So far we have identified possible field entities as; (a) standard computers (b) CSTBoxes (see Section 

3.3.1) or (c) Small embedded processing devices such as the Intel Edison. 

These field entities will then undertake any required edge processing and then make the results available to the 

WISDOM core components, (over a global communications medium ï normally the Internet). This global 

communication is performed using an event based approach and is thus termed the WISDOM global event pool. 
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Figure 2:  The WISDOM Integration Strategy 

 

Especially important here is the event based communication that has been adopted by the WISDOM system. This 

enables all WISDOM analytic/data storage components and the WISDOM field entities to freely communicate. The 

adoption of this event based approach provides five important advantages: 

¶ It enables any one WISDOM component (field entity or analytic component) to communicate with all other 

components. 

¶ It allows the receiving component to decide what data it requires by setting what events it will listen to, rather 

than requiring the transmitting component to decide which components  should receive its message. This is 

often termed a publish subscribe model. 

¶ The event driven paradigm matches the event based nature of changes that often occur within a water network. 

¶ Communication with the event based system can utilise a common API, thus simplifying communication 

between components. 

¶ Capturing events provides real-time activities and actions and occurrences occurring in the water systems in 

óreal timeô. 

It should be noted that the only the communication between WISDOM field entities and WISDOM core components 

utilises the event based communication paradigm. This is due to the fact that many sensing devices communicate using 

proprietary protocols and so it would not be feasible to attach these sensors directly to the event based architecture. 

Additionally, having a WISDOM field entity performing edge processing between the sensor and the event based 

architecture has the advantage of allowing the field entity to filter the data from the sensor. A good example of this is 

when a sensor periodically reports a value, but an event may only need to be raised when the reported sensor value has 

changed or an anomaly has been detected (e.g. representing a leak). This reduction in data not only permits the edge 

devices to operate more efficiently but also reduces the dimensionality of the analytics processing to make them more 

able to reach convergent conclusions in a timely manner. 

In addition, we have foreseen situations, especially in the case where we are using state of the art high precision sensors 

equipment returning very high frequency data, where attaching edge processing directly to individual sensor devices, or 

smaller groups of sensors,  is desirable. Here we have uniquely designed the WISDOM integration approach to function 

in both a hierarchical manner and one that adapts that hierarchy depending on the current environmental conditions of 

the water systems to maximise its operation on demand. as shown in Figure 3. This figure illustrates how two high 

frequency sensors are each connected to an individual field entity. This field entity will perform some initial edge 
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processing (e.g. data aggregation or anomaly detection signal processing), before raising events into the local event 

pool. Finally, a third field entity may perform additional processing before raising events into the global event pool.  

This hierarchical approach has the key advantage of allowing the maximum amount of processing to be performed at 

the edge, effecting a more resilient and concurrent system, reducing the amount of data transmission required to be 

communicated. This is important as some communication mediums have restricted bandwidth i.e. mobile broadband 

and often data transmission consumes additional power, which is critical if sensors/field entities are battery powered.  A 

second advantage is that this filtering prevents other components in the main WISDOM event pool from being 

swamped with irrelevant events. 

 

 

Figure 3 WISDOM Hierarchical Integration Approach 

 

The example given in Figure 3 illustrates a possible implementation of one of our chosen scenarios. In this case acoustic 

sensors are deployed on a pipeline. At each point on the pipeline one or more sensors are deployed and attached to a 

WISDOM field entity, normally by a cable. These field entities transmit over a local wireless network to another field 

entity that receives events from all sensing points on the pipeline. This field entity  is connecting to internet and can 

then, in turn, raise events to the global WISDOM event pool. Unique to WISDOM this configuration is not only 

implemented to suit each business case/application to maximise results and in the most efficient way, but is also 

adaptive to a given extent at runtime to adapt to current conditions. 

In summary, the WISDOM integration approach will consists of the following elements being interfaced together in a 

seamless manner that is both fluid and efficient. : 

1. Sensor ï enabling the gathering of information from the water value chain. 

2. Local communication ï responsibly for transmitting data from sensors to the WISDOM field entity. 

3. The WISDOM field entity ï responsible for conducting pre-processing and managing requests and 

transmissions of data to/from the sensors connected to it. 

4. Event based communication  - provides an efficient means of communication between WISDOM field entities 

and other WISDOM components. This step can be arranged in a hierarchical fashion if circumstances require. 

5. WISDOM Core components - also integrated into the overall WISDOM system using the global event pool. 
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2.2. The WISDOM Integration Strategy 

To reiterate, the WISDOM integration strategy is the approach that will be followed by the WISDOM project whenever 

a new sensors/components require integrated into the WISDOM system.  For the purposes of this methodology the term 

component will be used generically. In reality a component could be a sensor, a software package, a numerical model 

etc.. 

1. Identify the component to be integrated and identify its communication requirements. 

2. Determine the appropriate means of integrating the component; as a sensor via a WISDOM field entity or 

directly as a software component. If deployed as a field entity, select appropriate field entity hardware and 

determine if the field entity will collect to a local or the global event pool. 

3. Determine the protocol/API utilised for the component for communication 

4. Develop a protocol adapter to map between the protocol/API used by the component to the generic API 

implemented by the WISDOM event based system. 

5. Integrate the developed protocol adapter with the event pool system and the underlying software stack 

provided for the component. 

An important phase in this process is the development of protocol adaptors. These adapters map between the 

protocol/API of the components and the generic API that will be developed for the WISDOM event based system. It 

should also be noted that in some cases this mapping may be two-way, in that some components may wish to also 

receive events from the event pool. This is important in the context of performing actuations. A project library of the 

adapters will be collected centrally to allow for re-use across the project. 

The following sections will now describe how this has been implemented for our scenarios. Firstly describing the 

current integration strategies utilised within our pilots. Then, in turn, each scenario will be considered. For each 

scenario the state of the art will be reviewed and then the implementation of the WISDOM integration strategy for this 

scenario will be described. 

In specifying the implementation of each integration strategy it is important that both the current strategies and the state 

of the art are considered because: (a) The WISDOM solution must fit, where possible, with the current technologies 

implemented within our pilot projects and (b) The WISDOM solution must leverage the current state of the art to enable 

it to properly fulfil the innovation required by our scenarios (described briefly in Section 1). 
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3. Existing Candidate Components For Integration  

A critical task in understanding how the appropriate technological components that make up the WISDOM scenarios 

can be integration using our integration approach, is to firstly understand the characteristics of the existing components 

within our pilots (and the wider field) and, thusly, how they can be integrate into the WISDOM system.  This section sill 

firstly examine the existing technologies deployed within our pilots and then examine the area of modelling. Discussing 

how existing hydraulic models of water networks can be integrated into the WISDOM system. 

 

3.1. Existing Pilot Integration Approaches 

A key element of the process of developing the WISDOM system is to understand the components (mainly sensors) that 

already exist within the pilot projects and the integration strategies already in use within the three WISDOM pilots: 

¶ Wales, UK; 

¶ La Spezia, Italy; 

¶ The AQUASIM Simulator, Nantes, France; 

Using the information gathered in this section will ensure that the developed WISDOM solution is fully compatible 

with the existing infrastructures within each of our pilot case studies. This section will expand on the information 

presented in Deliverable 1.1 and will to describe the systems utilised within each pilot study. It should be noted that due 

to operation security restrictions detailed technical information about Dwyr Cymru Welsh Water (DCWW) systems 

cannot be presented in a publicly facing document. 

 

3.1.1. Wales, United Kingdom 

Dwyr Cymru Welsh Water (DCWW)  is the sixth largest of the ten regulated water and sewerage companies in England 

and Wales. DCWWôs prime responsibility is to deliver safe and reliable drinking water and sanitation to 3.2 million 

customers living in Wales and adjoining areas of England. Much of what DCWW does on a day-to-day basis to deliver 

a high quality and reliable public service involves operating and maintaining an enormous network of mainly long-life 

assets worth £26 billion. 

DCWW manages 28,000 km of distribution network and 30,000 km of sewers. Waste water is collected through a 

network consisting of 1,912 sewage pumping stations (SPSs) and 3,200 combined sewer overflows (CSOs) and its 

treated in 838 waste water treatment works. 

The majority of assets within DCWW employs fully automatic supervisory control and data acquisition systems 

(SCADA), Distributed control systems (DCS) and Programmable logic control systems (PLC). This enables automatic 

local control and remote shut-down of assets. All sites are monitored via a centralised Regional telemetry system (RTS).  

Welsh water SCADA implementation scheme can be observed in Figure 4. 

DCWW has a main control room based in a central location, however most of the real-time control is carried out at a 

local level with sensor signals sent back to the control room for monitoring purposes. The control room collects data 

from different sites across the water value chain. 

Flow and pressure data from the entire distribution network is collected for the management of the demand for water. 

This enables leakage control activity and monitoring of customer demand. Demand is registered through distribution 

network meters comprising a variety of measuring technologies including mechanical, ultrasonic and electro-magnetic 

methods.  
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Figure 4:  Welsh Water SCADA Implementation 

Flow and pressure data from the clean water network is collected and used for the management of water demand. This 

enables leakage control activity and monitoring of customer demand. Demand is registered through distribution network 

meters that utilise a variety of measuring technologies including mechanical, ultrasonic and electro-magnetic methods. 

Readings of flow and pressure are also monitored at most pumping stations and WTW(Water Treatment Works). Within 

the waste water network flow is monitored at a majority of the WWTWWs along with a large number of CSOs and 

pumping stations.  

Within the water network, this data is collected using one of several different methods. The data commonly collected 

from sensors includes flow, pressure and water level, but the selection of data available is not uniform across the water 

network. For remote assets across the water network, all data collected via the sensors is either (a) collected by the local 

control system and transmitted directly back to DCWWôs telemetry system via a telemetry outstation (as shown in 

Figure 4) or (b) communicated from sensors to data loggers, which then provide periodic updates via GPRS.  

Figure 4 shows a typical DCWW Enterprise SCADA (Supervisory Control and Data Acquisition) site network 

architecture. This type of architecture would operate inside a larger treatment works within the water network, and 

represents how the state of the asset would be monitored by staff within the site and then transmitted back to the 

DCWWôs central systems. 

When data is communicated directly from sensors to the DCWW systems via GPRS, flow rate from the flow metres is 

outputted, via a digital pulse, at 10 litre resolutions to a data logger. This data logger averages the flow over 15 minutes, 

and stores the resultant flow reading on 15 minute intervals (in m3/hr) on its internal memory. The data logger utilises 

GPRS technology to transmit data, on a 30 minute frequency, to a remote server where data quality handling takes 
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place. DCWW users are then able to extract this data by using a web portal. Across the entire network there there are 

9209 data channels being monitored and transmitted from 3261 Cello loggers. 

This data, once stored on the remote server, is also then transmitted via FTP (File Transfer Protocol) to a DCWW owned 

server. Libra (Leakage Identification Balancing Reporting and Abstraction), a bespoke software package analyses this 

data and allows users to view, extract, link sites and create flow balances using the data. An internal data transfer then 

takes place between Libra and the DCWW leakage management software package which is the companies' corporate 

leakage reporting system. 

The Libra system also transfers various data feeds from its database into the telemetry system for operational purposes. 

Libra, acting as a central data repository, stores multiple data parameters from both telemtered and GPRS systems and 

holds records of system characteristics including reservoir level and system status inputs. In some cases this data is is 

simply stored for future manually analysis or is monitored directly by the central control station and can be used to 

operate a series of automated alarms. 

Customer data is also used by DCWW in the monitoring of the water network. This is done via their call centre. In their 

call centre, staff are able to add notes to the DCWW GIS(Geographical Information System). These notes can then be 

observed by staff in the control room to make decisions relating to the state of the water network. i.e. a single fault in 

one area could be an isolated incident ï but an entire street reporting a fault would indicate a more series problem and 

prompt a different response. 

 

3.1.2. Cardiff, United Kingdom  

The pilot located in Cardiff, South Wales, UK, focuses on a specific area: Grangetown, which is shown in Figure 5. The 

Grangetown area is a thriving urban community of almost 20,000 residents, with a population density of almost twice 

the average of the city of Cardiff. Grangetown is one of the most culturally diverse communities of any Council ward in 

Wales with 92% of the children attending the local school having English as a 2nd language. 

 

Figure 5:  Grangetown (Map data from Google Maps) 

Drinking water that is supplied by DCWW to WISDOM's Cardiff pilot is abstracted from reservoirs in the southeast 

region of Wales. Drinking water is distributed from the water treatment plant where it undergoes processes such as; 

coagulation, flocculation, clarification, filtration, disinfection and sludge treatment to customers either via gravity 

and/or pumping. 
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Reservoirs within the water network are fitted with level monitors. Through, using the information from the level 

monitors in the reservoirs, pump settings at the pumping station can be adjusted/scheduled by pump controllers 

according to changes in the reservoirsô level. 

There are also pumps installed at some critical junctures on the clean water distribution network. These pumps are used 

to pump water into storage reservoirs in order to increase pressure or satisfy high demand in a local region. Local 

controllers are also employed here for the real-time control of these pumps, based on local knowledge including; set 

points of pressure and/or storage level. 

In addition to the pilot site within the centre of Cardiff, an area approximately 50 miles outside of the city is being used 

to demonstrate aspects related to the Waste Water Network. This area is known as Gowerton and serves around 52,000 

residents. This pilot site has been chosen as DCWW already have this network closely monitored. This existing 

infrastructure provides WISDOM with an accurate baseline to measure against. This area also had a pre-existing 

hydraulic model built which will be utilised by WISDOM. WISDOM plans to conduct the CSO spillage prediction 

scenario on this network and compare its results with what is already possible using the existing hydraulic model. 

 

3.1.3. Tywyn Aberdovey, North Wales 

The Tywyn and Aberdovey water distribution zone is a largely rural area in the north west of Wales and is an entirely 

enclosed network from abstraction, through to water treatment and distribution. The area is fed from a single water 

treatment works and delivers on average 1.4 Ml/d 

In terms of the network configuration, raw water is abstracted from 2 sites ïwhich gravitate down to the water treatment 

works via separate mains. After Treatment the water enters a final water tank, however due to limited capacity this is 

sent to the local Service Reservoir for final storage. When water leaves the reservoir it goes via two separate distribution 

mains to the two main populated areas ï Aberdovey and Tywyn respectively, via a valve house where final water is 

sampled for chlorine and pH. A booster pump is installed on a cross connection between the two mains to boost the 

pressure when required during periods of high demand. The majority of this system is a pump fed system with a number 

of SRV and clean water pumping stations, however there are a small number of booster stations that pump up to 

individual or small number of properties. 

Figure 6 shows the location of Twyny Aberdovey water distribution zone. The network between the WTW and the 

customer properties is mostly a pumped system, with several clean water pumping stations and service reservoirs. All of 

the asset within the water distribution network and waste water collection system are solely owned by DCWW.  
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Figure 6: Tywyn Aberdovey 

This pilot is focused around the water distribution network and assets which are owned and operated by DCWW, so will 

not require input or involvement from the local authority ï Gwynedd Council.  

The reason this area was chosen is that this network has a few unique characteristics:- 

1.) It is a self-contained network and has no cross connection to surrounding distribution zones, therefore 

minimise any error and the number of influencing variables. 

2.) It is deemed a deficit zone where eventually the available resources will not be able to maintain the population 

so efficient use of water resources is key. 

3.)  The area is a highly volatile demand area due to large fluctuations of population due to transient migration 

(Holiday Makers) and as such is highly influenced by tourism. 

The majority of this model will be informed by completing a hydraulic model of the water distribution area which is 

being carried out by DCWWôs modelling team. This will help inform any ontology and assumptions made within the 

optimisation model and better reflect the true configuration of the network. 

 

3.1.4. La Spezia, Italy 

The La Spezia pilot, situated half way between Pisa and Genoa, is characterized by the joint work by three major 

organisations that are actually involved in the water distribution: Società Acquedotti Tirreni (SAT), the infrastructure 

owner and managing operator;  Acam Acque S.p.A. (ACAM), water utility of La Spezia Province; and La Spezia 

Province (ASP), the public entity in charge of the Governmental process of the water value chain of interest.  

SAT manages four well fields and a 23 km pipeline to abstract and distribute potable water to about 50,000 people (1/4 

of La Spezia province's total population). SAT's activities consist of water abstraction, water purification with chlorine 

and water distribution through the close conduits providing to ACAM the water capacity by means of internal network 

node through which ACAM derives water to the home users. 

ACAM is the water utility of La Spezia Province and manages the entire water value chain, carrying out distribution 

processes, purification of water and the transport and the treatment of wastewater. It also monitors the entire water value 

chain and provides the interface with the citizens of the region. 

The final organization involved is ASP, La Spezia Province, that is an autonomous local Governmental Body executing 

the duties conferred by the law of the State and the Region according to the principle of subsidiarity. ASP is the part of 

the Public Authority that is in charge of the planning of water resourcing, i.e. the Ambito Territoriale Ottimale or 

Optimal Territorial Framework (ATO). 

SAT is currently upgrading their well field management system by means of an innovative novel ICT system as well is 

investing on additional pumps implementing its necessary continuous maintenance and evolving program for meeting 

the growing needs of the system users. These upgrades will provide the technology basis for the deployment of 

scenarios. 

Within the context of the WISDOM project, a smaller geographical area of the La Spezia region, focusing on the SAT 

facilities and areas that utilize water abstracted by SAT, which has four wells fields, is selected to focus our pilot study. 

Figure 7 shows the SAT pipeline and its facilities in blue, that are identified as predefined domain of interest for the 

WISDOM implementation and scenario deployment strategy. The well fields that SAT operates are: 

¶ Two in Ressora (North and South); 

¶ One in Bottagna; 

¶ One in Follo (Piana Battolla); 
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Figure 7:  Well field Location at La Spezia 

 

3.1.4.1. North Ressora 

The North Ressora well field feeds the Pietralba reservoir (owned by SAT) and is formed of six wells equipped with a 

submerged pump. The field equipment/hardware consists of an electrical substation for the transformation of high-

voltage into medium voltage. The wells work in an on/off mode and are automatically activated by the level meter 

located inside of the reservoir. The  Schematic of operation for the North Ressora wll field can be observed in Figure 8 

 

Figure 8:  North Ressora Well Field setup 

At the Pietralba Reservoir (made up of two hydraulically connected 500cm units ) there is a level meter and a real time 

transmitter that uses radio waves for communication. Signals can be transmitted to each well in the zone. There is also a 

chlorine meter made up of a pump and a sensor to measure chlorine levels. The sensor is connected to the pump in a 

closed circuit so pumping rate can be increased or lowered. No software is used. 
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3.1.4.2. South Ressora 

The South Ressora well field is connected to a 15km pipeline that is fitted with a pressure meter. This pipeline feeds 

Ressora premises until it reaches the Tuscany region. This well field has 11 wells including one ñpilot wellò which is 

used to monitor the groundwater level (static and dynamic) near the river. Readings are manually recorded each week. 

There is an electrical substation for the transformation of high-voltage into medium voltage.  The schematic  of the 

South Ressora well field can be observed below in Figure 9. 

The South Ressora site is normally used at half capacity. Usually only 3 to 6 wells are used simultaneously depending 

on the demand. Wells work in an on/off mode and are activated by SAT personnel. A chlorine meter made up of a pump 

and sensor is installed. The sensor is connected to the pump in a closed circuit so the pump rates can be increased or 

decreased. No software is used. 

 

Figure 9:  South Ressora Well Field setup 

 

3.1.4.3. Bottagna 

The site has 3 wells that feeds the Cornale tank (owned by ACAM). SAT is responsible for the water distribution up 

until the water meter. Both wells operate simultaneously but they are equipped with a manual switch to interrupt 

operation. 

In sites with no reservoirs, pressure is determined by ACAM depending on their network demand. The methodology of 

operation is to calculate the pressure at the end of the pipeline adjusting for energy losses to obtain the pressure needed 

at the site.  Operations are made manually by qualified SAT personnel. The schematic of the Bottagna well field can be 

observed in Figure 10. 
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Figure 10:  Bottagna Well Field setup 

 

3.1.4.4. Piana Battola 

This site has 3 wells that feeds the Torenco tank (Owned by ACAM) with SAT controlling only the well site. Normally 

only 2 wells operate simultaneously, the third one is used only when requested by ACAM. All wells are equipped with a 

manual switch to interrupt operation. This site is also equipped with a chlorine meter system. The schematic of the 

Piana Battola well field can be observed in Figure 11. 

 

Figure 11:  Piana Battola Well Field setup 

Even though the WISDOM project is restricted to the infrastructure owned by SAT it is important to understand the 

hardware/software integration strategies used by ACAM in the distribution process in La Spezia. ACAM uses a real 

time Factory Link system that is connected to 150 peripheral stations, including drinking water, sewerage and sanitation 

systems. These peripheral stations belong to the A series of the AEG-SchneiderElectric; the data connection between the 

control centre and peripheral stations takes place via radio wave transmitter with digital technology, using Satel and 
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TRIO Datacom equipment. The communication for this system uses the Modnet 1 / W and IEC 870-5-101 protocols. 

ACAM also operates a Thales system that is currently connected to the 150 stations. This system is used mainly for the 

generation of remote alarms. 

ACAM also operates a ClearScada system. This system is connected to 22 stations and has been configured by ACAM 

in order to monitor the water network. Peripheral equipment for the ClearScada systems belongs to A020 OHP and the 

data connection between central system and peripherals is via GPRS using the IEC 870-5-104 protocol. 

Finally, ACAM utilises automation within their Drinking Water and Sewerage systems. This automation system uses the 

same remote units as the monitoring system and is able manage pressure and flow. These variables can be set to either a 

constant value or variable value by utilising daily or weekly scheduling. 

 

3.1.5. AQUASIM, France 

AQUASIM is a full-scale facility dedicated to conduct research on water management within the building plot-

environment. It was designed to conduct experiments under realistic and controlled conditions. It includes the on-site 

collection, production, transportation, usage, treatment and discharge of different kinds of water. A control room allows 

the supervision of the whole facility as well as the monitoring of the experiments. 

The experimental set-up called SimulHome, which is installed in AQUASIM, will be used to conduct the experiments 

related to the ñDemand managementò and ñAdvanced devicesò scenarios groups. Two kinds of water distribution 

networks are implemented: 

¶ a private network representative of an individual household, with a ground floor and an upper floor (Figure 

12); 

¶ a collective network representative of a block of flats, with 1 ground floor and 2 upper floors (Figure 13). The 

water network of one apartment is reproduced at the second floor with the same common water usages as those 

installed in the private network; 

The water networks were designed according to information provided by a property developer (Kaufman & Broad). 

Electrical valves and water flow meters are installed and activated to reproduce the common domestic water usages: 

WC, hot water, hand basin, bath, tap, dishwasher and washing machine. The current hydraulic flow pattern is based on a 

scientific literature review. It will be adapted to match those of the pilot sites. 
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Figure 12:  Architecture of the private water distribution network in SimulHome 

 

Figure 13:  Architecture of the collective water distribution network in SimulHome 

The current ICT architecture of SimulHome is shown in Figure 14. The sensors are linked to a Beckhoff equipment by 

analogical inputs (from the water flow meters) and analogical outputs (to the Electrical valves). The information is sent 

to the Beckhoff Twincatt and is monitored and checked by the operator using the Labview interface (Figure 15). A 

CSTBox will be connected to the software in order to realize a preliminary analysis of the data to calculate the 

indicators (see deliverable D1.1). The data will then be sent to the WISDOM cloud. 

These field entities have a key role to play as part of the WISDOM hierarchical monitoring architecture.  These entities 

will be responsible for coordinating the actions of the sensors which they are connected to and performing edge 

processing tasks. It is also anticipated, that in reality the field entities will either (a) make use of existing infrastructure 

deployed within the water value chain in circumstances where sensors are already deployed within the water network or 

(b) be a custom deployment of software by the WISDOM project. 
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Figure 14:  ICT architecture of SimulHome 

 

Figure 15:  Labview interface of SimulHome 

 


