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Abstract

For safe supply of drinking water, water quality needs to be monitored online in real time. The consequence of
inadequate monitoring can result in substantial health risks, and economic and reputational damages. Therefore,
Vitens N.V., the largest drinking water company of the Netherlands, set a goal to explore and invest in the devel-
opment of intelligent water supply. In order to do this Vitens N.V. has set up a demonstration network for online
water quality monitoring, the Vitens Innovation Playground (VIP). With the recent innovative developments in the
field of online sensoring Vitens kicked off, in 2011, its first major online sensoring program by implementing a
sensor grid based on EventLab systems from Optiqua Technologies Pte Ltd in the distribution network. EventLab
utilizes bulk refractive index as a generic parameter for continuous real time monitoring of changes in water qual-
ity. Key characteristics of this innovative optical sensor technology, high sensitivity generic sensors at low cost,
make it ideal for deployment as an early warning system.

This paper describes different components of the system, the technological challenges that were
overcome, and presents performance data and conclusions from deployment of Optiqua’s EventLab systems
in the VIP.
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INTRODUCTION

Problem definition

Water quality typically is well monitored in treatment plants and pumping stations and is mainly for
process control. Parameters monitored are those used to monitor and optimize the treatment process.
However, once water leaves the plant and enters the distribution network, water quality monitoring
and analyses are normally conducted using grab samples and are limited to ad hoc analyses that are
available. Given the spatial extent of water distribution networks this means that most of the time
water quality can only be monitored intermittently. Current statistics show that 30–60% of water qual-
ity incidents were related to events in the water distribution networks [1–3]. Additionally, water
officials and professionals agree that distribution systems are vulnerable to intended contaminations
[4]. Usually, incidents are reported by consumers when they turn on their taps, i.e. at the time when
they are about to and/or after they have already consumed the water. When an incident is signaled,
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the source (location) and spread of the contamination may not be readily identified or isolated,
making adequate action difficult and unnecessarily expensive. Incident analysis shows that average
response times can be a few days before action is taken by the water provider [5]. Consequences of
inadequate monitoring can be translated into substantial public health risks, economic damages
(recovery costs) and reputational damages and liabilities.
There are various types of online real-time water monitoring systems on the market. Only a few of

them, however, come with event detection or early warning mechanism and their cost are typically
too high to be deployed in the network covering the whole water distribution grid. To solve the pro-
blem water utilities require an economically viable Early Warning System that scrutinizes their
distribution network online, allows rapid response (real-time), locates the source (position) and
spread of the contamination, requires no sophisticated skills to operate and is easily integrated
with existing SCADA and control systems [6].
Currently available solutions can be used to detect water contaminations online and at real time

to some extent, they fall short for the purpose of effective and continuous online monitoring of a
water distribution network. Limitations to these systems are the very high total cost of ownership
(TCO), therefore they can only be deployed small scale at strategic locations. In addition,
they only cover a limited part of the contamination spectrum potentially missing certain
contaminations.
EventLab early warning system

Optiqua has developed a generic online sensor concept that can be deployed online throughout the
distribution network. The major components of the Optiqua EventLab early warning system [9] are
an optical sensor, dedicated electronics, software, data algorithms and data communication. These
EventLab systems are the building blocks of an online sensor network that can be deployed through-
out the water distribution grid. Figure 1 below shows the core sensing element of the system
consisting of a probe containing an optical sensor chip, the flow cell, control electronics and a
web based user interface displaying sensor status, location and real-time output of event detection
algorithms.
The optical sensor probe measures minute refractive index changes in water, using the Mach Zehn-

der Interferometry (MZI) principle [8]. Refractive Index (RI) is a useful generic indicator of water
quality as any substance, when dissolved in water, will change the refractive index of the water
matrix. The generic Optiqua sensor probe operates at a sensitivity level of 10�7 RIU, which can be
translated to mg/l concentration range for contaminants. As such the Optiqua optical sensor technol-
ogy meets the four key requirements of an early warning system.

• Continuous real time detection

• Generic: one sensor covering full scope of all possible chemical contaminations

• High sensitivity

• Low cost & low maintenance (no consumables)

Deployed as an online sensor network, it will allow (i) early detection and rapid response time, (ii)
accurately locating and real-time monitoring of the spread of contamination within the network, and
(iii) decision making and adequate actions to minimize damages (public health, economic and
reputational).
Development of the EventLab early warning system

Optiqua Technologies is a sensor system development company based in Singapore and The Nether-
lands that has developed an early warning system for online drinking water monitoring based on a



Figure 1 | Optical sensor chip sealed into probe holder (top), EventLab control electronics and flow cell (middle), User interface
with online event detection (bottom).
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high density grid of optical refractive index sensors. In 2010 Optiqua Technologies along with part-
ners Vitens NV, Philips research and The National Institute for Public Health and Environment
(RIVM) demonstrated in the laboratory environment that the MZI based optical sensor of Optiqua
Technologies can be used to monitor drinking water quality and be deployed as an early warning
system capable of detecting levels of contamination harmful for public health (Drinking water
Alert Level or DAL values) [7]. Subsequently, together with launching partners Vitens N.V. and the
Public Utility Board (PUB) in Singapore results were published [11] demonstrating that the EventLab
system is (i) highly sensitive to a broad range of chemical contaminants (in-organics, organics and
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potential contaminants in pollution events) in a simulated distribution network (ii) robust and able to
monitor water quality online in the distribution network over extended periods of time and (iii) when
applying first generation event detection algorithms on baseline data obtained from the distribution
network it was demonstrated that the EventLab system was able to detect variations in water quality
comparable to contamination levels harmful to public health. In 2011 Optiqua Technologies and
Vitens N.V. have implemented a network of EventLab systems in the distribution network of
Vitens N.V. The objective of this sensor grid is to demonstrate the effectiveness of EventLab as an
early warning system for online drinking water quality monitoring. In this paper we present the
deployment strategy, lessons learnt and a performance evaluation from the EventLab system deployed
as a demonstration early warning system in the Vitens distribution network.
IMPLEMENTATION OF THE EVENTLAB SENSOR IN THE DISRIBUTION NETWORK

Vitens innovation playground (VIP)

Vitens objective is to understand its water quality and the condition and performance of its assets at
any location and at any moment, and use this information to improve the service towards its custo-
mers, make its operation more sustainable at a lower cost. Smart water grids result in efficient and
reliable water supply by combining and integrating information, knowledge and new technologies,
and creating a base for a more intense customer relationship. For this reason Vitens have selected
a dedicated section of the distribution network, the Vitens Innovation Playground (VIP), to initiate
developments and gain knowledge in the area of smart water grids.
The Vitens Innovation Playground (VIP) is located in the north of The Netherlands (see Figure 2)

and is a designated area to test new sensor technologies. One of the major challenges is taking a tech-
nology from the laboratory into the field, where conditions are less controlled. With this in mind
Vitens set up the VIP within a region of the existing distribution network. The location of the VIP
was selected for the following reasons. Firstly, because the distribution network within the VIP can
be supplied by either a single water source or water mixed with other sources present in the VIP.
This is an important tool that can be used in the understanding of sensor response to different
water qualities and to use these responses to model the distribution network. On several strategic
locations within the VIP areas have been created with special hookups to accommodate a broad spec-
trum of sensoring equipment. Other traditional sensors like pH, turbidity and conductivity were
installed throughout the distribution network.
The Noardburgum / Dokkum Area 3 (see Figure 3) located at the center of the VIP was selected as

an initial test location for the EventLab early warning system for the following reasons:

• The availability of unmixed water zones for determination of the natural variation in water compo-
sition (baseline measurement)

• Easily accessible main nodes such as water towers, reservoirs and booster pumps

• Presence of ’high risk’ and ’high volume’ consumers

• Relatively small area of distribution network (400 km of Vitens distribution network which covers
47.500 km, connected to approximately 15,000 customers serving 37,000 inhabitants)
Deployment of the EventLab sensors in the VIP

The EventLab sensor has been installed across an area of the Vitens distribution network. Locations
range from water source (production plant and pumping station), main nodes (water tower, reservoirs,
and booster pumps) and further down the distribution network at selected customer locations



Figure 2 | (a) the Netherlands in Europe (b) the Netherlands, with the dark area being the Vitens area, the white box indicates
the relative location of the VIP (c) the VIP, with the red dots indicating the Optiqua sensor locations.
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(nursing homes, factories, hospitals, a holiday village and residential locations). Customer locations
have been selected based on consumption (high and medium volume consumers selected), distance
frommain distribution lines (as close as possible), and acceptance of customers to participate in devel-
opment of intelligent water supply.
Throughout the deployment of the EventLab system in the distribution network many important

lessons have been learnt. Firstly, to establish a placement strategy it is important that relevant infor-
mation on the distribution network is readily available. Important factor such as location and
availability of main nodes, areas where water sources are mixed and unmixed and to identify potential
residential locations will ease the deployment process. Secondly, EventLab has been easily deployed
in the field due to the following:

• Independent data transmission through GPRS (good GPRS reception crucial)

• Simple fluidic connections, by pass to drain

• Conventional 230 V power supply

Finally we have experienced that a stable water supply is of great importance. At customer locations
a system should be installed as close to the mainline as possible. This helps to reduce the impact of
usage patterns and results in a more stable system performance.
In Figure 2(c) the sensor locations in the distribution network, red dot, can be viewed relative to the

location of the water production plant, blue dot. Figure 4 shows 3 typical installations in the distri-
bution network



Figure 3 | Distribution networks present in the VIP. 19 EventLab sensors were deployed in area 2 and 3.

Figure 4 | EventLab sensor installation at production plant (left), at water tower (right), and at a hospital (bottom).
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Data communication and processing

One of the main challenges for smart grids and implementing sensors in a network is the data hand-
ling. It needs to transferred, stored, processed and presented in a simple decision support display. For
this phase of the project the data generated by the Eventlab sensors is transferred over the GPRS
mobile network of a local supplier via the internet and to a central data base where data is stored
for further processing. Figure 5 depicts the data distribution and storage infrastructure developed
by Optiqua to support EventLab based customized online sensoring programs.
Figure 5 | The current data network.
Data stored on the central data base is processed further for final event signaling using dedicated
algorithms. In a first step the integrity of the data is verified and compensation of refractive index
changes caused by water temperature fluctuations is applied. The verified and compensated data is
then processed by the event detection algorithm, the output of which is compared to predefined
threshold values. These threshold values are extracted from event-free baseline data and represent
the natural variation of the water composition at the specific location. When the threshold limits
are exceeded, water composition has changed beyond the expected natural variation, and an alarm
is raised. Figure 6 present a flow diagram of this process.
Figure 6 | EventLab based early warning system data processing flow.
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EVENTLAB SYSTEM PERFORMANCE EVALUATION IN THE DISRIBUTION NETWORK

A challenge that must be overcome when developing a new sensor technology is the demonstration of
sensor performance outside the laboratory and in the field of operation, in this case the Vitens distri-
bution network. As presented during the SIWW 2011 [11] the Eventlab system exhibits high sensitivity
to a broad spectrum of contaminants in a simulated distribution network, is robust enough to monitor
water quality over an extended period (months) and detection of low concentration (,10 mg/l) events
seems feasible on baseline data obtained from pumping station. The challenge is how to demonstrate
that the system can respond correctly in the distribution network where spiking experiments, addition
of contaminants to the drinking water, is prohibited. Two approaches have been taken to overcome
this limitation. Firstly, by superimposed spiking where laboratory results, expected sensor response to
a specific compound, are superimposed on the baseline data sets (natural variation in water compo-
sition) gathered from the distribution network in the VIP. Figure 7 presents how the simulated spiking
of EventLab data sets has been performed. Secondly the EventLab sensor response has been com-
pared to the output of other, commercially available, pH, conductivity and turbidity sensors
located at the pump station that supplies water to the distribution network being monitored. These
sensors have been used to evaluate the EventLab system response and event detection algorithm
output to known operational events. Section 3.1 describes in detail the results of the simulated spiking
experiments and ’operational’ events that occurred during the course of this project.
Figure 7 | Schematic of simulating an event.
Evaluation of EventLab system performance in the distribution network

In order to obtain an estimate on the performance of the EventLab system in the distribution network
data sets gathered from the VIP have been analyzed using event detection algorithm processing and
superimposed spiking. Figure 7 presents how this process is performed. System sensitivity has been
evaluated over a 1 week period at locations in the distribution network. Firstly, 1 week of event
free (baseline data) is processed by event detection algorithms so to obtain threshold settings
(alarm levels). Figure 8 presents how data is processed by the event detection algorithm outputting
a residual value from which a threshold setting can be obtained.



Figure 8 | Schematic representation of data processing for threshold setting.
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Secondly, data is binned in one hour time slots and a threshold setting is obtained per hour in the
day for the week of data under analysis. Figure 9 shows an example of the algorithm output (residual
value) and setting of the event detection threshold values.
Figure 9 | Example of threshold setting based on event detection algorithm output (residuals).
Finally, a simulated ’spike’ (a typical EventLab response to a Potassium Chloride (KCl) contami-
nation in drinking water) is superimposed on 1 week of event free baseline data. The ’spike’ is
shifted in time to cover the entire time-base of the event free baseline data. The event detection algor-
ithm is used to analyze the spiked data set and the concentration of the KCl, amplitude of spike, is
increased until the point that 100% of the spikes are detected by the algorithm. Detection of a
spike means that the algorithm output, the residual, exceeds the pre-set threshold levels based on
the event free baseline data. Figure 10 presents in detail how this process is performed. In order to
obtain an estimate of the overall system performance the results from the event detection analysis
have been presented as a function of hit-rate. For example, at hit rate of 90% implies that 90% of
all superimposed spike at the specified concentration within that 1 hour time bin lead to a residual
value that exceeds the threshold level.
Figure 11 presents performance evaluation results from two locations in area3 in the Vitens distri-

bution network. We observe that the performance of the system varies in time over the 24 hour
period. At certain periods in the day the EventLab system is able to detect contamination levels at



Figure 10 | Schematical representation of data processing for performance estimate.

Figure 11 | EventLab performance evaluation perform through superimposed spiking at two locations in the distribution
network.
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lower levels than at other periods in the day. Variation in system performance can be explained by the
impact of usage patterns on baseline data and resulting threshold levels used for event detection
algorithm processing. Increased usage patterns therefore impact the system’s ability to detect contami-
nation in drinking water. Figure 11 presents analysis results from two locations in the VIP. Detection
levels at both locations are impacted by usage patterns, usage patterns vary from location to location
resulting in variations in the system performance due to the usage pattern at the location. It is also
clear from the analysis that to achieve 100% detection, a 100% hit rate, the concentration of the super-
imposed Potassium Chloride spike has to be increased significantly. Taking the 100% detection as the
performance estimate therefore leads to reduced performance in terms of concentration levels that
can be detected using the current event detection algorithm. The reason for reduced performance
is the impact of outlier’s in the event free baseline data. Selecting the 90% hit rate as benchmark, a
substantial improvement in performance is obtained at the cost of increased false negatives (missed
true positives). Future EventLab system developments, hardware and software (detection algorithms)
will be focused on reducing system related outliers in the measured responses up to the point that
EventLab responses are fully dominated by actual water quality variations leading to an overall
increase in system performance in time and across all locations in the distribution network.

Operational induced ’event’ in the VIP

The performance of the EventLab system as an early warning system has been evaluated by bench-
marking the systems response with other, more traditional sensors currently monitoring drink
water quality at the pumping station that supplies water to the distribution network where EventLab
has been deployed. The sensors currently used to monitor water quality at the pump station include
pH, conductivity and turbidity sensors. Figure 12 presents data obtained from these sensing systems
and residual and threshold values from the EventLab early warning system. Red dots mark where the
EventLab system has raised alarms, where the water quality varies abnormally and the algorithms
residual value exceeds the threshold setting. On many occasions the alarms raised by EventLab



Figure 12 | EventLab early warning system demonstration and bench mark with pH, conductivity and turbidity sensors at pump
station.
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could be explained by a variation in the water quality due to a modification of the water purification
process. On other occasions other sensors also show a variation in signal response. These results
demonstrate further that the Eventlab Systems ability to detect changes in the composition of drinking
water when deployed in the distribution network.
CONCLUSION AND FUTURE

In 2011, in collaboration with Optiqua Technologies Pte Ltd Vitens N.V launched its intelligent water
supply program and initiated a smart water grid based on the EventLab system within its distribution
network. The objective of this sensor grid is to evaluate the EventLab system when deployed as early
warning system for drinking water quality monitoring in the distribution network of Vitens N.V. The
location in the distribution network in which the tests have been conducted is termed the Vitens Inno-
vation Playground (VIP), a dedicated section of the distribution network located in the north of the
Netherlands that allows distribution of water from a single or mixed sources, provides easy sensor
hook-up options at relevant locations in the network. In addition the Vitens Laboratory (VL) and
Vitens Innovation Center (VIC) are within the VIP. In the VL standard and laboratory research
can be performed, in the VIC different water sources are provided and is typically used for testing
and optimizing purification methods and technologies.
A grid of EventLab sensors has successfully been deployed in the VIP. Locations for installation

ranging from the source, main nodes, and high-volume consumers up till residential consumers
have been selected with the objective of covering all relevant sections of the distribution network.
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The implementation of the EventLab system in the distribution network has been relatively straight
forward due to the following factors (i) data transmission through GPRS (good GPRS reception cru-
cial) (ii) simple fluidic connections, by pass to drain, (iii) conventional 230 V power supply.
Data from a wide variety of locations has been collected and analysed with dedicated event detec-

tion algorithms in order to evaluate the performance of the early warning system. From the evaluation
process we have seen that the EventLab early warning system is able to detect water quality changes
that relate to contamination levels that are of relevance to the drinking water industry. It has been
observed that the system’s ability to detect water quality changes is impacted by usage patterns,
both locally and from the distribution network. The ability to detect abnormal variations in water
composition due to operational events has also been successfully demonstrated at a pumping station
where other sensors (pH, conductivity and turbidity) monitoring water quality at the pump station
have been used as a benchmark for system evaluation.
Valuable knowledge has been gained through the implementation and evaluation of the EventLab

sensor grid in the VIP and will provide crucial input for successful expansion of the sensors through-
out the Vitens distribution network. As a next step installation of the EventLab sensors in ’mixed
zone’ areas are planned. In combination with distribution models a sensor placement strategy will
be defined and the ability to track and trace the source of contaminants will be investigated.
Besides the application to drinking water quality monitoring of distribution networks in metropo-

litan areas, the Optiqua EventLab technology can also potentially be deployed for a number of
alternative and related applications, such as:

• Cross connection detection[10]: cross contaminations of potable water with recycled water

• Water quality monitoring in Industrial Estate areas

• Water quality monitoring of recycled water for irrigation purposes

• Monitoring of integrity of reverse osmosis membranes

• Applications in the process industry
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EVENTLAB: ONLINE WATER QUALITY MONITORING IN A SMART GRID
Decaying water infrastructures, the use of alternative water sources such as desalination and recycled water, 
pollution and terrorist threats are all bringing new challenges to water distribution and water quality assurance 
worldwide. The reputational and economic effects of water quality incidents can be severe. For a safe and secure 
supply of drinking water, water quality needs to be monitored online and at real time. Online water quality monitoring 
is an essential step in the broader concept of smart water management.

A high density sensor network
EventLab provides a high density network of online sensors, 
collecting real time water quality data directly from the grid. 

Low maintenance and high durability allow for an economically 
viable network covering the entire distribution process. Optimized 
sensor placement guarantees that contaminants are detected 
early and close to the source, allowing for optimized response 
measures and maximum network security.

Monitoring the full spectrum of contaminants

EventLab is based on Optiqua’s awarded and patented 
Lab-on-Chip sensor technology. The technology measures 
refractive index changes of the water matrix induced by a 
contaminant, without the use of chemicals or other consumables.
EventLab sensors responds to the entire spectrum of possible 
chemical contaminants at ppm level. 

Real time data algorithms and analysis are calibrated to the 
requirements of a specific water matrix, identifying the relevant 
contaminations online and without delay.

The EventLab sensor network can be customized to the 
customer’s needs and integrated with existing monitoring setups, 
SCADA systems and asset management systems. 

EventLab Online provides operators with a webbased user 
interface, real time alerting and a network wide overview.

Combining the unique benefits of its sensor technology, EventLab 
offers water suppliers an essential tool to proactively manage their 
water distribution process.

Proactive and water quality control
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