introduction
Freshwater is one of Brazil’s
most plentiful resources,
with the country holding
about 15% of Earth’s supply.
However, despite this
providential circumstance,
millions of Brazilians remain
at risk of sub-standard water
quality. Pollution, climate
change and droughts are
threatening public health and
jeopardizing the very farms
and factories that drive Brazil’s
booming economy (Osava,
2011). As Brazil transforms
into to a more industrialized,
economy, its cities are
challenged to re-define
themselves as metropolitan
areas. Infrastructure is a major
component of this. Years of
neglect and under-spending
have left Rio de Janeiro’s
roads, power and water
networks in an infrastructure
deficit (Williams, 2011). Built
largely by informal and

1.1 KEY INTERVENTIONS

saltatory means through a
series of ad hoc systems rife with inefficiency and
service gaps - Rio’s water
and sanitation systems today
fall well short of what this
emerging city needs.
Faced with these challenge,
GE (General Electric)
partnered with the Senseable
City Lab to explore how
distributed networks and
pervasive technologies might
be employed to augment or
even create a new ground-up,
urban infrastructure in favelas.
They were also interested in
how technology might be
used to break down the social
barriers that exist between
the “hills” and the “pavement”,
to create a more unified city.
Here we present one sensorbased design project for urban
water management that looks
at the end-of-tap monitoring
of drinking water quality.

HydraSENSE envisions a wireless
network sensor embedded fire
hydrants located throughout the
city monitoring – in real-time
- the hydraulic parameters of
urban water distribution. Such
data could be integrated into
analytical models to optimize
pump scheduling (efficient
power management and water
conservation), detect and
quantify leaks, and provide
an early warning system for
contaminant intrusion. Two
important applications are
enabled by this system: the
detection and localization
of pipe leaks and bursts; and
water quality assessment and
early warning of contaminant
intrusion.
The HydraSENSE architecture
is composed of wireless sensor
nodes - deployed in hydrants
across the city - and backend servers for data archival,
processing and visualization.
Sensor nodes in the field send
data via the 3G cellular phone
network to the archive server,
where the information is stored
for further analysis. The data
is also made available for user
visualization via the web server.
The data processing server is
responsible for intensive data
processing, such as modeling for
state estimation and prediction.
Understanding the current state
of the system can help water
distribution system engineers
make operational decisions
based on accurate, recent data.
HydraSENSE is a novel
technology that essentially
combines existing cellular
telephone components with
embedded pressure, acoustic,

and chemical sensors. Hydraulic
pressure in the network is
monitored throughout the
day, as are residual chlorine
concentrations (an indicator
of water quality). In the
evening, when the city is much
quieter, acoustic sensors are
also engaged to identify (via
triangulation) where leaks are
located.

1.2 MEASURABLE
OUTCOMES
Although yet to be realized
HydraSENSE would go a step
further than other monitoring
systems by introducing a
real-time sensing system
that is easily accessed and
deployed into the existing water
infrastructure (fire hydrants),
and capitalizes on existing
communications infrastructure
(the 3G wireless network) to
communicate its real-time water
supply conditions across the
city.
The information generated
by the HydraSENSE system is
intended primarily for use by the
state water commission, CEDAE,
to improve the level of service
and efficiency offered to their
customers. By providing a tool
that can quickly and accurately
quantify they city’s hydraulic
state in real-time, the city will
be given – for the first time – a
clear and unbiased view of the
water system’s performance,
as well as a clear path towards
remediation on a street-bystreet scale. It is believed that
this undeniable, fact-based
vision will cut across political
lines to inform restructuring of
existing urban water policy and
bolster investor confidence in

the water sector.
Start-up costs to implement
a HydraSENSE network would
likely run in the range of $10100 million USD to further
research, develop and deploy
an initial network of 5000
sensor nodes around the city.
However, when compared
against the total upgrading
budget, this sum represents only
a small fraction of the multibillion dollar investment that
the city is considering for water
infrastructure improvements
in the coming years. Again, the
advantage of this system is that
is affords the city a much clearer
picture of how the water system
is currently operating – allowing
investment planners to make
more informed decisions on
how investment budgets should
be spent. This comparatively
small upfront investment in a
rapidly deployable technology
could save billions of dollars
and years of labor and
inconvenience from misdirected
improvement projects.
HydraSENSE would empower
state and municipal planners to
“ pick the low-hanging fruit” first
– focusing with confidence on
the improvement measures that
will have the greatest effect for
the least financial investment.

1.3 GOVERNANCE
Since the early 1990’s, Statefunded programs such as
Favela-Barrio (translates to
Slum-Neighborhood) have
made great strides towards
improving the quality of life in
these areas. Through intensive
capital expenditure and invasive
construction procedures, many
favelas have been improved,
equipping them with modern
sanitation, electrical power
and drinking water supplies.
However, the progress of these
programs are slow and costly,
both to the government and to
the communities in which they
improve.

conclusion
At its core, this project engages the fact that
wireless sensor networks have the potential to
profoundly change the structural conditions and our
collective understanding of urban water systems.
Projects like this act as the gateway to dynamic and
adaptive planning practice in cities.
This vision holds great promise for identifiable
metrics, such as distribution efficiency, or the
incremental improvement of raw water quality, that
can help to measure progress in this sector. It aims
to link cost and economic data to water resource
data—including environmental requirements—an
essential step towards managing our collective
urban water challenge. Because of the crosssectoral nature of the challenge, linking such a
vision to action requires high-level energy and
support, and commitment from the most senior
decision-makers in the city, state and country.
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Freshwater is one of Brazil’s most
plentiful resources, with the country
holding about 15% of Earth’s supply.
However, millions of Brazilians still
remain at risk of sub-standard water
quality. As Brazil transforms into to
a more industrialized economy, its
cities are challenged to re-define
themselves as metropolitan areas.
Infrastructure is a major component
of this. Here the Senseable City
Lab present one sensor- based
design project for urban water
management that looks at the
end-of-tap monitoring of drinking
water quality. HydraSENSE envisions
a wireless of network of sensor
embedded fire hydrants located
throughout the city monitoring – in
real-time - the hydraulic parameters
of urban water distribution. Although
yet to be realized HydraSENSE
would go a step further than other
monitoring systems by introducing
a real-time sensing system that is
easily accessed and deployed into
the existing water infrastructure (fire
hydrants), and capitalizes on existing
communications infrastructure (the
3G wireless network) to communicate
its real-time water supply conditions
across the city.

More than 95%
of households
in Rio are
connected to
the municipal
supply system

It is estimated
that over 1/3 of
Rio’s population
remins at
risk from
drinking water
related illness
-HydraSENSE is
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for urban water
management
that looks at
the end-of-tap
monitoring of
drinking water
quality
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