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INTRODUCTION

The allocation of a leak or contamination in thstmdbution network can take days, as can be
concluded from the Rijsenhout case (the Netherlandsere a farmer pumped collected rainwater
in the distribution network via an illegal connecti Eights days after the first complaints were
registered by the water supply company, the lonatd the contamination was determined.
Extensive research efforts are made worldwide weld@ sensors to measure deviancies of the
water quality (Lambeck, 2006) and to monitor thelraylics and water quality in distribution
networks (Allenet al., 2011). Placing sensors and transporting the datxpensive, since the
required number of sensors is large and maintenandesecurity require significant efforts. These
high costs give reason to investigate optimal sepls@ement in water distribution networks (Berry
et al., 2005; Krauset al., 2008; Shastri & Diwekar, 2006).

During a more recent calamity, the shut down of pung station Hoofddorp as a consequence of a
power supply interruption on Decembef"22010, a customer created a map of the affectddmeg
showing the tweets (Twitter messages) relateddartterruption of the water supply and published
it online, within one hour of the shut down. It agped that these map and the tweets of an
employee of the water supply company played an rmaporole in informing the customers.

A method is known to locate a contamination sowrseng a network model focusing on flow
directions (Davidsomt al., 2005). Another method combines and analysesnaligravailable data
and uses EPANET calculation results to determinerevia water particle (possibly) has come from
to identify the source of a measured water qualéyiation (Besneet al., 2005). Back tracing in
looped distribution networks is more complicatearnthn branched networks, especially when
taking into account that flow directions might charas a consequence of changes in demands.

This research aims to shorten the time from the emina contamination or leak occurs in a
drinking water distribution network to the momeiffittloe allocation of this disturbance by feeding
customer’s responses to a back tracing network mdte back tracing distribution network model
will be fed with i) tweets concerning the disturbanii) complaint data logged by the water supply
company and iii) missed telephone calls by the wsigply company. The hypothesis is that the
customers of a water supply company are rapichbiglj cheap and dense sensors for disturbances
of the drinking water quality and delivery. Theentled end-users of the system are customers
visiting the company’s website during calamitigser@tors and field maintenance personnel.

Is it ethically responsible to ‘use’ customers aseasor for water quality and delivery? Using
customers as sensors is as old as the modernmdyimiater supply in Europe. In 1849 John Snow
(Snow, 1855) analysed the number and location slaléies as a consequence of a cholera
outbreak in London. With the map he composed he ads to determine the location of the
contaminated well, see Figure 1. The distinctivnipis that the customers are not ‘used’ as sensor,



but information is created from data they providduntary to social media or to the water supply
company. Customers are expected to appreciatethibainformation they supply is taken into
account and used to solve the problem and to supfasmation.

T SO p A
) X €t ) 2 A
foh % L S S *
V) v @
(] 1 A
0% o% @
il 5 G A
3 «
S
or® 'S
o®ee o
woys
w A
@rump " (—,‘
< -
S
4
V'PJ\ C\J M
3 £ o®
¥, ’y 1-\,-} 1‘“
% - 9‘ o} %
o CAY ° oy
I &) 4:6\ <
& B « <, e
v A2 o ¢ . Ch
& 52 e <
o A A
u‘f C; Lo Q
» o &
& o - % "'
« % o %, &
PN ¥ e, ce %
° @ ¢ P Q_e“"
s > %, Te -
3 2 bl a 2>
4 « : ok
b A &
A 5 & P ~
e ®
LN S S,
> ¥ ot
i 4 oGe A P, O
oVt o A & oC
< 7. &g MF Py
» 5 ® % s
P 2 &
@ - 5 ¢
o+ %
A @ ¥ )
P ™
- s

Figure 1. Casualties in London in 1849 as a consequenckad@ infection, based on (Snow, 1855).

MATERIALSAND METHOD

Materials

An EPANET (Rossman, 2000) distribution network vatjuipped with an existing or new back

trace algorithm. The main challenge is to deterntheepath water followed in a looped network.

The input for the model (tweets, complaints data mamssed telephone calls) are filtered, converted
into a uniform format and collected in a datababBee graphical output of the model is the

estimated location of the source of the disturbaonea map, encircled by a bandwidth of

uncertainty, which shrinks when more input enteesrhodel. An algorithm is defined to determine

the uncertainty of the results stochastically, dase the density (and possibly other charactesistic

of the input data). An existing application prograimg interface (API) is used to extract relevant
information from Twitter. Interface will be set up export customer complaints data from the
SAP/Customer Relations Management (CRM) systematémsupply company PWN and missed

calls from the telephone exchange.

A generic system will be developed to set up thadmu sensor for new customers (i.e. water supply
companies) efficiently. The system is initially @lib set up the interfaces with Twitter, the CRM
package of the company and the telephone exchamglewill be easily extendible for new data
sources like complaints websites or other CRM pgeka The generic system will provide a
graphical presentation of this data on a map aad tee data to the back tracing network model.



Use cases will be defined and a scheme of objectiliee system will support flexible and light-
weight data-integration techniques.

Method

With the generic system and the EPANET platformhveiacktrace function, a human sensor will be
set up for a district metered area of PWN. To tbst effectiveness of the sensor, a virtual
contamination will be made in the area. Tweets emaplaints will be created in a way experts
suggest they would occur during such a contaminafibe tweets and complaints are processed as
real tweets and complaints and the response ofhtimean sensor will be assessed using
predetermined criteria.

RESULTSAND CONCLUSIONS
This research is launched at this moment.

AWARD
This idea has been granted the ‘Best IT-idea in \lader sector’ award of the Koninklijk
Nederlands Waternetwerk in May 2012.
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