distribution systems

THERE ARE NUMEROUS
INCENTIVES FOR WATER
UTILITIES TO ADOPT SMART
WATER NETWORKS, WHICH
PROVIDE UTILITIES A
COMPREHENSIVE
FRAMEWORK FOR
OPTIMIZING OPERATIONS,
MAINTENANCE, AND
CUSTOMER SERVICE AND
WHICH OFFER SOLUTIONS
TO COMMON CHALLENGES.
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An overview of smart
water networks

round the world, a growing number of water utilities are adopt-

ing a “smart” approach to improving the understanding, man-

agement, and control of their water networks. A smart water

grid, or smart water network (SWN), provides utilities with

tools to help achieve their quality, productivity, and efficiency
targets while enhancing their level of customer service. It is estimated that
implementing SWN solutions could save water utilities and their customers
up to $12.5 billion a year (Sensus, 2013).

Each utility has its own distribution system, unique business drivers, and
challenges. Therefore, this article first provides a general SWN framework
and then elaborates on four solution areas: residential metering, water qual-
ity monitoring, leak detection, and energy management. (This article focuses
on a utility’s drinking water distribution system; it does not cover wastewa-
ter treatment or industrial and agricultural processes.) The article concludes
by discussing the industry tools being developed by the Smart Water Net-
works Forum (SWAN) to encourage water utilities worldwide to adopt
smart water technologies.

COMMON BUSINESS DRIVERS

The threats of water scarcity, aging infrastructure, increasingly stringent
regulations, and rising production costs are driving utilities to consider smart
water solutions. According to the United Nations, global water use has been
growing at more than twice the rate of population growth in the past century.
By 2030, nearly half of the global population could face water scarcity when
demand outstrips supply by 40% (UN, 2013). Water scarcity is felt particu-
larly in the United States; in the past five years, 36 states have experienced
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water shortages associated with
extended drought conditions
(USEPA, 2014). In fact, 2013 was
California’s driest year on record
with only 7 inches of total rainfall,
making 2014 one of the most severe
years for water shortage throughout
the state (CDWR, 2013). Thus, water
utilities are rapidly searching for bet-
ter ways to conserve and manage
their water resources.

One dominant business driver for
water utilities is aging infrastructure,
which is especially prevalent in west-
ern-hemisphere countries (SWAN,
2014). A significant portion of the
drinking water infrastructure in the
United States is nearing the end of its
useful life and is now prone to leaks
and bursts resulting in degraded
water service, economic loss, and
increased disruptions (WUC, 2012).
According to the US Environmental
Protection Agency (USEPA), there
are approximately 240,000 water
main breaks in the United States
each year, and AWWA estimates that
repairing this infrastructure will top
$1 trillion during the next 25 years.
The necessary level of investment to
address these needs will drive the
cost of water up and in some cases
could even triple household water
bills, assuming the industry contin-
ues to operate in the status quo and
does not embrace technology inno-
vations to help offset these costs
(WUC, 2012).

Another significant driver for water
utilities is the relationship between
water and energy, often referred to as
the water—energy nexus. Energy is
required in all stages of water produc-
tion and distribution, from pumping
and storage to treatment and trans-
portation. In fact, energy costs gener-
ally represent 25-30% of a utility’s
total operation and maintenance
(O&M) costs (USEPA & GETE,
2008). Although energy prices
climbed during the past decade,
energy consumption by the water sec-
tor also rose and is forecast to keep
rising in the future (Olsson, 2012).

Water utilities, particularly in the
United States, face an additional risk:

an aging workforce. In a recent
report, the Water Research Founda-
tion found that baby-boomer retire-
ment will cause an anticipated
30-50% loss of current U.S. water
utility employees within the next 10
years (Brueck et al, 2010). In re-
sponse, many water utilities are mov-
ing toward more automated solu-
tions to account for this critical
knowledge loss (Nadhiri, 2014).
Assets will need to become smarter
rather than relying on the near-
retirement workforce to provide the
day-to-day knowledge associated
with performance and maintenance.

WHAT IS AN SWN?

Every day, water utilities generate
an exceptional volume of raw data.
However, on average, 60% of this
information goes unused simply
because utilities do not have the
resources to process this informa-
tion quickly enough (Thompson,
2014). There is a strong drive to
push intelligence down to the sensor
level to improve decision-making
and to reduce human error in ana-
lyzing performance. An SWN inte-
grates water processes into informa-
tion and communication technology
infrastructure, thereby converting
real-time data into actionable infor-
mation. This enables utilities to
more effectively manage their assets
and facilities.

Similar to the smart grid in the
energy market, an SWN comprises
various technologies ranging from
sensors to communication technol-
ogy and software tools (Nicholson et
al,2012). In order to build an under-
standing about how these different
technologies interact, SWAN devel-
oped the SWN architecture, which
arranges the components of an SWN
into a structured framework (Figure
1). Although the SWN architecture
first and foremost focuses on tech-
nology, it is necessary, for successful
implementation and operation, for a
water utility and its stakeholders to
commit to investing and strategizing
for a smart water future (Hauser &
Roedler, 2013). The first step

requires that a utility understand
what its technology vision for the
future is before purchasing and
installing hardware and/or software.

THE SWN ARCHITECTURE
FRAMEWORK

In general an SWN is layered,
beginning with the sensing-and-con-
trol layer through data collection,
data management, and ending with
the data fusion-and-analytics layer.
A utility’s overall network can
become more intelligent by adopting
the right technology components
from each layer.

The initial layer, “Physical,”
includes the network’s physical com-
ponents such as its pipes, pumps,
valves, reservoirs, and other delivery
endpoint components. Typically
these are not considered “smart”
because they contain no data.

The second layer, “Sensing and
Control,” contains the hardware
equipment and meter components
that measure water delivery and dis-
tribution parameters such as flow,
pressure, vibration, energy use, and
water quality. This layer also includes
remote-controlled devices such as
pressure-reducing valves (PRVs) and

FIGURE 1 The five SWN layers
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automatic meter reading (AMR) and
advanced metering infrastructure
(AMI) devices. In essence, the sens-
ing-and-control layer represents the
interface between the physical infra-
structure and the “smart” layers.

The third layer, “Collection and
Communication,” includes technolo-
gies responsible for storage and
transmission of information. The
main task of these technologies is to
collect information from remote
locations and send it to the upper
layers where it is analyzed and pro-
cessed. By using two-way communi-
cation channels, commands are then
given back to the second layer to
instruct sensors and actuators about
which data to collect or which
actions to execute. For example, a
fixed cable network, radio, cellular,
Wi-Fi, and other communication
technologies related to data transfer
are all part of this layer.

The fourth layer, “Data Manage-
ment and Display,” enables utilities
to aggregate and process collected
data into information and then inter-
face it for a human operator via a
supervisory control and data acquisi-
tion (SCADA) system, geographic
information system (GIS), or other
network visualization tools. This
layer also interfaces with cybersecu-
rity systems and business-function
support tools such as work order
management and customer informa-
tion systems.

Finally, the fifth layer, “Data Fusion
and Analysis,” provides tools that
interface with data analytics and
modeling software, leveraging com-
munication channels and sensing
devices within the network. As a
result, utilities may conduct network
management tasks remotely and
automatically. Solutions in this layer
feature online water quality monitor-
ing, automated network monitoring,
automatic pressure optimization,
hydraulic modeling, and pumping
and energy optimization. These solu-
tions help operators assess the poten-
tial impact of network changes,
respond to them in real time, and
consider likely what-if scenarios.

BUILDING AN SWN
ARCHITECTURE

A common foundation for an
SWN architecture is sectoring a dis-
tribution network into district
metered areas, or DMAs. A DMA
can be defined as a discrete subsys-
tem of the distribution system with
a specific, permanent boundary in
which the quantities of water enter-
ing and leaving are measured by a
flow meter (Farley, 2001). The role
of DMA management is to divide
the distribution network into
smaller, more manageable areas,
zones, or sectors into which the flow
can be isolated and monitored to
determine where leakage is present
(Morrison, 2004). Determining the
location of DMAs can be done by
extracting knowledge from the oper-
ations staff or through modeling
applications that interface with cali-
brated hydraulic models of the dis-
tribution system.

DMA flow analysis is usually con-
ducted during the night, when cus-
tomer consumption is lowest, to best
distinguish leakage volumes. This
minimizes errors in the loss calcula-
tions by reducing potential customer
meter error as well as pressure and
use variations (Farley, 2001). Utili-
ties may then monitor the behavior
of a single DMA or groups of DMAs
for the occurrence of new bursts or
undetected leaks and plan for their
subsequent repair (Morrison, 2004).

DMA size is a function of the sys-
tem configuration, hydraulics, cus-
tomer demand patterns, and geogra-
phy. Typically a DMA will serve
500-3,000 households within a sup-
ply zone (Farley, 2001). An illustra-
tion of three connected DMAs is
shown in Figure 2 with the common
physical features noted, including
DMA boundaries and associated
master meters and valves.

Similar to a DMA, a pressure man-
agement area (PMA) is a hydrauli-
cally discrete area that monitors sys-
tem pressure. PMAs can make up
part of a DMA, a single DMA, or a
group of DMAs. In order to adjust
the pressure and maintain pressure
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balance, a PRV is typically installed
at the entry point of a PMA next to
the flow meter (USEPA, 2010).

In a DMA or PMA, information
is continuously collected by data
loggers and then is usually transmit-
ted to a SCADA system or stored in
a device attached to the sensor and
communicated through cellular
communications outside of the
SCADA control system. A SCADA
system performs centralized moni-
toring and control for field sites over
long-distance communications net-
works, processing status data and
issuing alarms for various network
operations such as pump perfor-
mance, flow rate, pressure, energy
use, or water quality (ICeWater,
2013). An SWN can be further
enhanced by integrating GIS with a
SCADA system. GIS mapping soft-
ware is essential for showing the
location of water quality events, sus-
pected leaks, likely pipe or pump
failures, and other issues (ICeWater,
2013). Network monitoring can be
expanded toward customer issues
through residential metering.

RESIDENTIAL METERING

Traditional residential water
meters must be read manually, and
the volume of water used by a cus-
tomer is recorded only on a periodic
frequency. In contrast, AMR devices
can provide detailed water use and
billing information by remotely col-
lecting data at regular intervals and
sending it to the utility’s manage-
ment and billing system (USEPA,
2010). AMR smart meters can con-
sist of a number of methods and
technologies ranging from simple
drive-by meters to devices that are
equipped with direct one-way com-
munications with the water utility
(House, 2010).

AMI devices add two-way com-
munication capabilities to smart
meters. These communication links
can exist between the meter and the
water utility and between the meter
and the consumer. In addition, AMI
meters can receive and often act on
instructions sent from the utility or



from the consumer (House, 2010).
Thus, by receiving more accurate
information from smart meters, util-
ities may provide certain quantities
of water at lower rates and may bet-
ter balance rationing requests during
water stress periods (Frost & Sulli-
van, 2013). North America is the
most developed market for smart
water metering in which the installed
base of meters accounts for approx-
imately two thirds of the global mar-
ket and is projected to be more than
50% by 2016 (Frost & Sullivan,
2013). To build a more comprehen-
sive control system, many utilities
with smart meters are developing
more fully automated networks,
which are discussed in the solution
sections in this article.

WATER QUALITY MONITORING
Ensuring the safety and quality of
drinking supplies is a core responsi-
bility of water utilities. Water quality
controls typically concentrate on the
treatment process, but water quality
is commonly degraded in the distri-
bution network. For example, water
quality issues can occur as a result of
sudden changes in flow rate caused
by bursts, pumping, or valve opera-
tions, which can lead to unaccept-
able discoloration (Savic & Baynard,
2011). Contaminants may also enter
the distribution system through
leaky pipes or sewage overflows but
most commonly through backflow
problems from industrial, commer-
cial, and residential customers
(USEPA, 2010). Current statistics
show that 30-60% of water quality
incidents are related to events in the
water distribution network (de
Graaf et al, 2012). The consequences
of inadequate water quality monitor-
ing translate into substantial public
health risks, unrecovered costs, and
reputational damages and liabilities.
Water quality in the distribution
network has traditionally been mon-
itored by manual, grab-sampling
techniques and analysis either in the
field or laboratory for some param-
eters (e.g., pH, conductivity, dissolved
oxygen, and residual chlorine; Savic

& Baynard, 2011). However, with
this ad hoc method and the spatial
extent of a water distribution net-
work, water quality can be monitored
only on an intermittent basis (de
Graaf et al, 2012). Therefore, generic
sensors, which can detect a wide spec-
trum of water quality variations, are
becoming preferred. In addition, util-
ities are recognizing the benefits of
using an online water quality moni-
toring system to provide continuous
input for daily network operations,
inspection, and maintenance planning
(van Wijlen et al, 2011).

Online water quality monitoring
relies on sensors that are perma-
nently deployed in the distribution
network. These sensors continuously
communicate real-time data about
various quality parameters to a soft-
ware platform such as an early
warning system, which can rapidly
locate the source and spread of the
contamination (de Graaf et al,
2012). By handling quality issues

early, utilities can incur lower costs
from labor and equipment needed to
gather samples, as well as reducing
the amount of chemicals used to
ensure regulatory quality standards
(Sensus, 2013). Public health issues
can be prevented because contami-
nation can be detected before it
reaches the population. Furthermore,
unexpected quality changes can also
indicate useful information about
pipeline conditions and the distribu-
tion process (van Wijlen et al, 2011).
Thus, by implementing an online
monitoring system, utilities can
improve their water quality and net-
work operations as a whole.

LEAK DETECTION

Water loss from aging, leaky infra-
structure is a major contributing fac-
tor to water stress. Water utilities
face increased O&M costs associ-
ated with reacting to leaks or pipe
bursts, increased energy costs for
producing and transporting water,

FIGURE 2
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and high capital expenditures for
replacing infrastructure. When these
factors are combined with inaccurate
metering and billing and water theft,
a significant portion of water does
not generate revenue. This is termed
nonrevenue water. According to the
World Bank, nonrevenue water typi-
cally averages between 15 and 40%
and can reach as high as from 60 to
70% in some developing countries
(Nicholson et al, 2012).

There are four pillars of real-loss
water management: active leak con-
trol, pressure management, asset
management, and speed and qual-
ity of repairs (Lambert & Fantozzi,
2005). The most widely deployed
leak-control strategies involve regu-
lar network sweeps by field detec-
tion teams using such methods as
sounding, acoustic logging and
correlation, and step-testing. How-
ever, these techniques can be time-
consuming and costly. In contrast
to these physical methods, there is
a growing market for acoustic leak
monitoring. By deploying acoustic
monitoring technologies throughout
distribution systems, water utilities

can actively survey for pipeline leaks
(Duffy, 2013). Normally installed
on fittings in the distribution sys-
tem, acoustic sensors can relay data
via a communications network to
operators using analytic software.
This software then processes the
data and alerts the system operator
when a “noise” indicative of a leak
is detected. Permanently deployed
acoustic monitoring technologies can
detect hard-to-find leaks in a timely
manner and better manage water
loss (Duffy, 2013).

Automated network monitoring
provides utilities with near-real-time
visibility of their networks. This
method is based on a utility’s exist-
ing, online data taken from network
sensors that transmit their data to a
central location. The collected infor-
mation is then used to identify, char-
acterize, and alert a utility to evolv-
ing conditions and trends, as well as
to prevent or respond to various
network inefficiencies such as leaks,
bursts, zonal breaches, meter faults,
and other operational malfunctions
(Peleg, 2014). Timely warning allows
a utility’s operational staff to react

SWAN SMART SCORE
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This screen shot shows a page from the Smart Water Network Forum’s SWAN SMART SCORE,
an online questionnaire designed to help utilities evaluate their network performance.
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before a visible and costly failure
develops, energy is wasted, or water
quality degrades. This insight can
also support long-term decision-
making about how and where to
target resources for preventive main-
tenance, rehabilitation, or replace-
ment (Peleg, 2014).

Pressure management. The ability
to accurately control pressure is a
central aspect of operating any water
network. Pressure needs to be consis-
tently high enough to satisfy the cus-
tomer, but excessive pressure drives
up leakage, burst frequency, energy
consumption, and operational costs,
whereas pressures that are too low
can cause water decay and allow
contaminants to enter the system
(NRC, 2006). The challenge of accu-
rately controlling pressure is compli-
cated by the fact that demand can
fluctuate hourly, daily, and season-
ally, and PRVs are often placed in
difficult-to-access locations (Global
Water Intelligence, 2011). Efficient
pressure management combines the
installation of devices such as PRVs
and variable speed pumps with their
respective control software (Schnei-
der Electric, 2013).

One advanced solution for pres-
sure management is automatic
pressure optimization, which gath-
ers pressure and flow information
from remote sensors across the
network. Commands can then be
sent automatically to controllers
installed on PRVs and pumps to
adjust pressure instantaneously
according to current demand pat-
terns and operating characteris-
tics of the network (Global Water
Intelligence, 2011). Because leak-
age is directly related to pressure,
any reduction in pressure will
result in a proportional reduction
in leak levels (120, 2013). Auto-
matic pressure optimization main-
tains adequate pressure for custom-
ers and lowers operating expenses
by reducing the number of events
requiring site visits. With reduced
pressure and leakage, utilities can
in turn save energy and money by
pumping less water (120, 2013).



ENERGY MANAGEMENT

As illustrated by the water-energy
nexus, electricity is a major cost for
water utilities, typically second only
to labor costs. Of these electrical
costs, pumping raw and treated water
typically makes up more than 90% of
all energy purchased by water utilities
(Bunn & Reynolds, 2009). Pumping
facilities are highly interconnected
so that any change in the operating
capability of one pump may affect
the suction or discharge pressure of
other pumps connected to the same
pipe system, affecting the pumps’
efficiency. Pumping requirements are
also subject to widely variable daily
and seasonal fluctuations, making it
difficult to consider all contingencies
when trying to determine efficient
operation (Bunn & Reynolds, 2009).

Like all mechanical objects,
pumps wear down over time. Thus,
it is important to measure a pump’s
efficiency across a wide range of
conditions to determine whether the
pump’s performance has deterio-
rated (Walski & Andrews, 2014).
Calibrated hydraulic models can
perform this task by simulating net-
work dynamics to facilitate system
optimization (ESMAP, 2012).
Energy optimization systems bal-
ance conflicting operational require-
ments to allow utilities to shift
pumping from peak-energy pricing
and peak power-demand periods by
automatically controlling pumping
stations. This process takes into
account predicted pressures and
flows per pump in real time and uses
these predictions in its optimization
algorithm to select the most appro-
priate pumps to operate holistically
across all water sources and pump
stations (Bunn & Reynolds, 2009).
Thus, by using hydraulic modeling
and energy optimization systems,
utilities may increase their energy
efficiency and asset performance
while cutting costs significantly.

BRINGING LAYERS AND PLAYERS

TOGETHER: THE SWAN FORUM
The SWAN Forum brings together

key players in the water industry to

promote the global development of
water networks, making networks
more efficient and sustainable. What
began in 2010 as a small group of
founding members has nearly 80
member organizations from 22
countries today. SWAN members
vary from water utilities, technology
providers, engineering and consult-
ing firms, academics, and investors.
By aligning industry leaders and par-
ticipants, SWAN has the ability to
share its members’ diverse experi-
ence, develop its own research, and
shape industry standards.

Global water utilities are con-
stantly exploring ways to better
evaluate their network performance.
To this end, SWAN recently released
the SWAN SMART SCORE, a free
industry tool that water utilities can
use to gauge the relative intelligence
of their network and assess the extent
to which they take advantage of exist-
ing technologies. A product of cross-
industry collaboration, the assess-
ment consists of 12 multiple-choice
questions, available for any utility,
on the SWAN website (www.swan-
forum.com). Upon completion, a util-
ity receives a quantitative score out of
100 points and a qualitative catego-
rization of its level of advancement.
The image on page 72 is a screen shot
of SMART SCORE’s interface.

The assessment can be useful for
utilities just beginning their smart-
water journey as well as for utilities
that have adopted several smart
water technologies. Once enough
data have been collected, a utility
can view how its score compares
with other utilities in that geographic
area and around the world. To com-
plement the assessment, SWAN is
developing the SWAN Interactive
Architecture Tool, which will allow
utilities to explore smart water tech-
nologies according to their specific
challenge areas and business drivers.
Utilities will be able to see how dif-
ferent technology components inter-
connect, navigate through interactive
architectural diagrams, and then
view relevant case studies and ben-
efit analyses.

One of SWAN’s goals for 2014 is
to engage a large number of North
American utilities to create a
SMART SCORE specific to North
America. This will be used to identify
how North American utilities are
advancing compared with their
peers, but it will ultimately be used
to show how North American utili-
ties compare with other regions in
the world. SWAN discovered that a
good way to improve water utility
network performance is through
understanding and leveraging best
practices from other utilities regard-
less of their location.

ABOUT THE AUTHOR

Amir Cabn is the
research manager
at the Smart
Water Networks
Forum (SWAN).
He holds master’s
degrees in
environmental science and public
affairs from Indiana University,
Bloomington. He can be reached at
AmirC@swan-forum.com. SWAN
welcomes new members across

the water industry. For more
information visit
www.swan-forum.com.

http:/kdx.doi.org/10.5942 fawwa.2014.106.0096

REFERENCES

Brueck, T; Isbell, M.; O’Berry, D.; & Brink, P,
2010. Water Sector Workforce
Sustainability Initiative. Water Research
Foundation & AWWA, Denver. www.
waterrf.org/PublicReportLibrary/4206.pdf
(accessed Apr. 8, 2014).

Bunn, S.M. & Reynolds, L., 2009. The Energy-
efficiency Benefits of Pump-scheduling
Optimization for Potable Water Supplies.
IBM Journal of Research and
Development, 53:3:5.1. http://dx.doi.
org/10.1147/JRD.2009.5429018.

CDWR (California Department of Water
Resources), 2014. Driest Year on Record?
CDWR, Sacramento, Calif. www.water.
ca.gov/waterconditions/index.cfm
(accessed Apr. 3,2014).

de Graaf, B.R.; Williamson, F.,; Koerkamp, M.K;
Verhoef, J.W.; Wuestman, R.; Bajema, B.;
Trietsch, E.; & van Delft, W., 2012.
Implementation of an Innovative Sensor

CAHN | 106:7 « JOURNAL AWWA | JULY 2014 73

2014 © American Water Works Association



Technology for Effective Online Water
Quality Monitoring in the Distribution
Network. Water Practice and
Technology, 7:4. http://dx.doi.org/10.2166/
wpt.2012.099.

Duffy, M., 2013. Innovative Solutions in the
Water Industry: Leak Detection. White
paper, American Water, Voorhees, N.J.

ESMAP (Energy Sector Management
Assistance Program), 2012. A Primer on
Energy Efficiency for Municipal Water
and Wastewater Utilities. Technical
report 001/12, The World Bank,
Washington.

Farley, M., 2001. Leakage Management and
Control: A Best Practice Training
Manual. World Health Organization,
Geneva, Switzerland.

Frost & Sullivan, 2013. Analysis of the Global
Smart Water Metering Market: Market
Success Requires Finely-tuned Regional
Strategies. Frost & Sullivan, San Antonio,
Texas.

Global Water Intelligence, 2011. SWAN's
Way—In Search of Lost Water. 12:6.
www.globalwaterintel.com/archive/12/6/
market-profile/swans-way-search-lost-
water.html (accessed Apr. 9, 2014).

Hauser A. & Roedler, F,, 2013.
Interoperability—The Key for Smart
Water Management. Conference
proceedings, IWW Conference
Amsterdam 2013, the Netherlands.

House, L.W., 2010. Smart Meters and
California Water Agencies: Overview
and Status. Report CEC-500-2010-008,
California Energy Commission,
Sacramento, Calif.

i20, 2013.i20 Water's Advanced Pressure
Management: The Six Benefits of Opti-
mising Pressure in Water Distribution
Networks. Australian Water Management
Review. www.awmr.com.au/water-news/
software-and-water-modelling/1309-i20-
waters-advanced-pressure-manage-
ment-the-six-benefits-of-optimising-pres-
sure-in-water-distribution-networks
(accessed Apr. 5, 2014).

ICeWater, 2013. State of the Art Analysis.
www.icewater-project.eu/index.php?id=
050000&spid=en&site=preview
(accessed Apr. 7, 2014).

Lambert, A.0. & Fantozzi, M., 2005. Recent
Advances in Calculating Economic
Intervention Frequency for Active
Leakage Control and Implications for
Calculation of Economic Leakage Levels.
IWA International Conference on Water
Economics, Statistics, and Finance,
Rethymno, Greece.

Morrison, J., 2004. Managing Leakage by
District Metered Areas: A Practical
Approach. Water21, 6.1:44.

Nadbhiri, R., 2014. Water Utilities Seek
Solutions to Aging Workforce
Challenges. Black & Veatch, Overland
Park, Kan. http://bv.com/Home/news/
solutions/water/water-utilities-seek-
solutions-to-aging-workforce-
challenges (accessed Apr. 7, 2014).

Nicholson, R.; Muallem, D.; Chuang, D.; &
Torchia, M., 2012. Business Strategy:
Smart Water Market Overview. IDC
Energy Insights, #E1235229. International
Data Corp., Framingham, Mass.

NRC (National Research Council), 2006.
Drinking Water Distribution Systems:
Assessing and Reducing Risks. The
National Academies Press, Washington.

Olsson, G., 2012. The Water and Energy
Nexus—Framing the Context. Lund
University, Lund, Sweden; European
Environment Agency, Copenhagen,
Denmark.

Peleg, A., 2014. Investment in Smart Water
Systems on the Rise. Water Technology
Online. http://www.watertechonline.
com/articles/167369-investment-in-
smart-water-systems-on-the-rise
(accessed Apr. 8, 2014).

Savic, D.A. & Banyard, J.K. (editors), 2011.
Water Distribution Systems. ICE
Publishing, London. http://dx.doi.
org/10.1680/wds.41127.

Schneider Electric, 2013. Smart Water
Networks Put Information to Work.
White paper, Schneider Electric, Rueil
Malmaison, France. http://www.
schneider-electric.com/download/ww/
en/details/35905537-Smart-Water-
Networks-Put-Information-to-
Work/?reference=SWNinfotoWork
(accessed Apr. 13,2014).

Sensus. 2013. Water 20/20: Bringing Smart
Water Networks into Focus. Sensus,
Raleigh, N.C. http://sensus.com/
documents/10157/1577608/Sensus_
Water2020-USweb.pdf/d67d0a75-255a-
4a20-86f1-d4548bfcdf78 (accessed Apr.
4,2014).

SWAN (Smart Water Networks Forum), 2014.
SWAN Global Utility Survey Report.
SWAN, Esher, Surrey, United Kingdom.

Thompson, K., 2014. Comprehensive Water
Contamination Warning System
Demonstration Pilots Serve as Model for
Water Utility Community. Utility
Intelligence and Infrastructure, Ellwood
Media Lab.

UN (United Nations), 2013. Secretary-
General's Message for 2013. UN, New
York. http://www.un.org/en/events/
waterday/2013/sgmessage.shtml
(accessed Apr. 2,2014).

USEPA (US Environmental Protection
Agency), 2014. WaterSense: Statistics

74 JULY 2014 | JOURNAL AWWA « 106:7 | CAHN

2014 © American Water Works Association

and Facts. USEPA, Washington. www.
epa.gov/watersense/about_us/facts.
html (accessed Apr. 3, 2014).

USEPA, 2010. Control and Mitigation of
Drinking Water Losses in Distribution
Systems. USEPA, Washington. http://
water.epa.gov/type/drink/pws/
smallsystems/upload/Water_Loss_
Control_508_FINALDEc.pdf (accessed
Apr. 3,2014).

USEPA & GETF (Global Environment
&Technology Foundation), 2008. Ensuring
a Sustainable Future: An Energy
Management Guidebook for Wastewater
and Water Utilities. USEPA, Washington;
GETF, Arlington, Va. http://water.epa.gov/
infrastructure/sustain/upload/Final-
Energy-Management-Guidebook.pdf
(accessed Apr. 10, 2014).

van Wijlen, M.A.B.; Koerkamp, M.K;; Xie, R.J.;
Puah, A.N.; van Delft, W.; Bajema, B.; &
Verhoef, J.W., 2011. Innovative Sensor
Technology for Effective Online Water
Quality Monitoring. Oral presentation at
Singapore International Water Week
2011, Suntec City, Singapore.

Walski, T. & Andrews, T., 2014. Meeting the
Challenges of Saving Energy in Water
Pumping. White paper, Bentley Systems
Inc., Exton, Pa.

WUC (Water Utility Council), 2012. Buried No
Longer: Confronting America’s Water

infrastructure Challenge. AWWA,
Denver.

ADDITIONAL RESOURCES

Implementinng Real-Time Smart
Water Network Modeling: A Case
Study. Boulos, P.E,; Heath, J.E.;
Jacobsen, L.B.; & Kamojjala, S., 2013.
AWWA Annual Conference. Catalog
No. ACE_0079263.

The Power of Smart Water
Networks. Walsby, C., 2013. Journal
AWWA, 105:3:72. http://dx.doi.
org/10.5942/jawwa.2013.105.0038.

Use Existing Technology to Build a
Smart Water Network. Simonsen, A.,
2014. Opflow, 40:4:24. http://dx.doi.
org/10.5991/0OPF.2014.40.0026.

Visit the AWWA store at www.awwa.
org/store for more.

JournaL AWWA welcomes

comments and feedback
at journal@awwa.org.






