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Making Water Systems Smarter Using M2M:
the Internet of Things
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Within the next decade, approximately 1.8 billion people worldwide will be

living In areas of absolute water scarcity
Top Concerns

Security

Workforce
Infrastructure
Water Source

Obsolete Technology

Economic Sustainability

1900’ Regulatory Compliance
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The Value of Smart Grid for Utilities

Smart
Maintenance

Reduce Downtime

Extend Equipment

Reduce Waste Increase
Efficiency Life
Rapid deployment and lower capital costs Improved service levels AND increase

o _ _ regulatory compliance
Lower cost of providing essential services
Lower cost of related infrastructure for wiring,

Increase in reliability of operating assets — telecom. SCADA. CMMS
Improve lifecycle costs
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Smart Grid drivers: Internet of Everything Is projected to increase from
10 billion to 50 billion objects by 2020

50

Billion
“‘Smart Objects”

50

40

Rapid Adoption rate of
digital infrastructure:

5X faster than

30

— Inflection

. point electricity and telephony
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10 ——— World Population
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Timeline

2010 2015 2020 source: Cisco IBSG, 2011
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Smart Grid Drivers

* By 2020, the IoE will provide a $19 trillion benefits to cities worldwide (CISCO)
* The Public Sector will benefit from one third of that value
* New providers are entering the market weekly offering systems and widgets

« Something that just produces more data or does not help improve your
operations is not Smart

Big changes are coming and utilities need to

be prepared
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Smart technologies can be leveraged to save an impressive $12.5B.

Reducing leaks by 5%, and reducing 10% of
pipe bursts can save up to $4.6B

Streamlined water quality monitoring: Smart
Water Network can save $600M annually of up
to 70% of water quality monitoring

Employing dynamic asset management tools
can result in 15% saving of Capital
Expenditures, or up to $5.2B

Implementing Smart Utility Framework that
provides critical data, via remote operations,
utilities can save $2.1B or up to 20% of
labor/vehicle
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Globally, utilities are spending nearly $184B
each year related to supply of clean water.

$14 Billion is spent on energy for pumping
water

water 2020
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What can the data provide that is different?

* The Value of Now

— There is certain information whose value decays exponentially over time. Need to
perform real-time analytics on data to provide real-time intelligence

Value .

v

» Enabling the Edge Time

— Resources on the perimeter of the distribution/collection system (aka the edge) often
lack the ability to provide/generate real-time or consume real-time information. By
enabling these resources, value can be achieved.
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Topics:

* Internet of Things & M2M

* What makes something smart?
« Case studies & applications

« CH2M approach

* The future
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Making Water Systems Smarter Using M2M: the Internet of Things

uw%s.mmm WATERNARKINS ~ INMEDIATE ™ paeryt = pUsLIC ATIONS _'_‘mms

DR L D [}-[]NNE[}TED‘M& INTERNET "o Internet of Things is all about:

“EFX an mum HERE 5 METHO 0 .
ARSTAS mnD[VlCES VIE;LM: ’?ECTSEUH"“WNMN& ® He|p|ng HumanS

=Rl

“‘EOKSUMiDmm
s LIBAL v BTG P‘ﬂmilﬂa TRACY —£081°PED ,,,,mmmmm

=EiEPRODETS 2 my.ﬂ,éﬁeugu {0 - Big Data and Analytics

INTERNEFOETHINGS IR s

"‘N ' INIUE rgcusnaxg""”%{%&kmusrs%ﬁ&mu&ugm.sbs ms
THEEDE | e

UY 'U»-,‘"D CREMED PARTIES 1% WL OLE EVERYTHINGE STIKA WNARKH

;wm PR L REﬂUIRiDI! ﬂN QUNT ,BI)U)*{IKL

s mm?ﬂ"'?"%%%‘"‘"“ 4 g Enabled by integrating multiple functions into one

m.. f::I.IFE'I cmwmauMl]ILEHNULGGIESLH“}' _ |
T DALY e oW THING Lmxl piece of hardware at a valuable price.

COANECTIONS S R T PRESENT

www.shutterstock.com - 148208525

10 Smart Grid for Distribution System Water Quality Management



The Internet of Things (also called Machine to Machine) has arrived and is
rapidly growing

Sensors
Devices

Internet of Things Systems
Things
Processes
People
Industries
Products
Services

’ . Smart Homes
Machine-to-Machine Connected Cars
Intelligent Buildings
Intelligent Transport
Systems
Smart Meters and Grids
Smart Retailing
Smart Enterprise
Management

Millions Billions Connections

Building
automation
Manufacturing

Security
Utilities

Telemetry

and
Telematics

Remotely controlled  (|n¢
‘ Monitored and managed

Isolated

Tens Hundreds Thousands
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Future = Everything connected
Libelium Smart World

12
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Wide-ranging applications are already in use

NEST — just bought by Google

Baby Monitor

Digital Pill
NEST

Home Systems Google

= HOW INGESTIBLE SENSORS WORK

the world's smartest = F] Atiny ssican sersor the size of & P Patient swaliows the pit
'u prain of salt & aftnched 1o regular pills —mmxmmhm
~ : v
baby monitor = A4ces n the siomacn

Ingesiive sansor

A T}'c sansor generates a
w4 signal determining idantity
of the mecicine and bma of

. velkdin

u AEEEF TR gestion of the pil

, o 1 Abancaic-lke disposabie

™ paich, aftached 1o the
patient’s skin, records fe
data from the sensor along
with haant rate, activiy and
ather body metrics

[P Datamsentioa

~ pluetcom-aenabled device
fke a phone or a compuler,
whore it bocomes accessible
by caregivers and clinicians

I3 The system aiso allows users

%0 set up alarms 10 remind
tham 10 take ™Me medicnes
ot ta go off whan thay are
inactve for a certaln time

M4 A “
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Wide-ranging applications are already in use

Libelium Trunk Diameter Dispatch Compass WZZARD
(71 sensors) Libelium Centeron BB SMARTWORX.

ENABUNG CONNECTED INTELUGENCE
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Waspmote Smart Water Sensors

Smart Water Turbidity
Model Product(s) Total
WWATER Waspmote Smart Water Sensor Board, Supports 6 Sensors at Once US$273.50
9332 Dissolv: ns Sensor: F- (Fluoride), BNC Interface X US$207.20
9329 Oxidation Reduction Potential (ORP) Sensor, BNC Interface US$74.59
9328 pH Sensor, BNC Interface, 0-14pH USS$28.18
9327 Dissolved Oxygen Sensor, BNC Interface, 0-20mg/L, 0-100psig US$563.58
9326 Conductivity Sensor for Liquid, Two Electrodes, 100Hz-100kHz USS$54.70
WWIFI-SMA2 Waspmote Main Board with 802.11b/g WiFi Module, 2 dBi Antenna USS$244.00

Sub-Total: US$1,445.75
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Moving from Hard Wired PLCs and
Conduit to M2M Technologies

—
-~
‘i '
- c .

Like this,... but smaller.

communications capability.



What types of Machine to Machine (M2M)
Technologies are available?

» Generally refers to devices connected wirelessly such as:
* Cellular
+ WiFi
* Bluetooth
« Zigbhee

* Wireless Hart

» Often connected to a Cloud for data transfer

* Power Options
— Solar
— Battery

— Powered
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What technology is required to make M2M systems
work?

APPLICATIONS
& SERVICES

Micro Electro-Mechanical Systems (MEMS):

— affordable MEMS, a semiconductor manufacturing technology that
Incorporates active elements into microelectronics devices

M2M APPLICATION PLATFORM

REAL-TIME SIM
e acceleromete I'S, MESSAGING MANAGEMENT

CONNECTIVITY DEVICE
SERVICES ~ MANAGEMENT

pressure sensors,

* RF antennas, | WIDE AREA SERVICES

 switches, ‘ .
INTELLIGENT M2M GATEWAYS

* SeNsors, & ROUTERS

e actuators LOCAL AREA, PERSONAL AREA

& SENSOR NETWORKS

EMBEDDED DEVICES
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What technology is required to make M2M systems work?

Enerqgy-Harvesting:

* loT devices require a source of power
* placing a battery in each one is not always practical or environmentally sound

* New technologies harvest energy from novel sources such as vibrations, temperature
gradients, and radio frequencies

Identification Tags and Wireless Networks:

* objects and devices identify themselves using RFID (Radio Frequency Identification)
tags

 connect to the network wirelessly.
e various standards proposed for wireless network
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What technology is required to make M2M systems work?

Infinite Internet Addresses:

e current internet protocol standard, IPv4, has ‘only’ 4.3 billion addresses,
« insufficient for the quantity of devices joining the IoT.
* latest version, IPv6, solves the problem definitively.

Cloud Computing:

« devices with relatively limited computer power must access and run
sophisticated programs.

« accomplished via cloud computing
* hosts applications and stores data for connected devices
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What technology is required to make M2M systems work?

Big Data:

* massive amount of data generated
« track, manage, and extract useful information

 use of data sets so large and complex that they are difficult to process using
standard database tools and computing power.

21 Smart Grid for Distribution System Water Quality Management



Reference System Architecture

CONNECT il Y
ANYTHING ; it Aiaationa

Spectre Cellular/
Ethernet Gateway

$IT e 6T

Wireless™ Sensor Network -
Wzzard Intelligent Edge Nodes
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What makes something smart?



A Smart City uses information and communications technology to
enhance its livability, workability and sustainability

* Collect information about itself through sensors, other devices and existing
systems

« Communicate data using wired or wireless networks

* Crunch data to understand what’s happening now and what'’s likely to happen
next

Smart
Cities
Council




To quote Martin Luther King, | have a Dream...

25

N N N X X X

Smart Grid for Distribution System Water Quality Management

Increase Efficiency in Power and Labor Use
Decrease Non-Revenue Water

Decrease Operational Costs

Improve Capital Planning Approach
Improve System Knowledge

Improve Water Quality

Maintain Regulatory Compliance



Not just Smart, Brilliant Network...

Asset and Maintenance

Management Applications Simulation
Applications

Contaminant Warning

and GIS Applications Business Dashboard

and Reporting
Applications

Remote and Mobile

Surveillance ! £ 3
Operations Applications

and Security
Applications

Energy and Process Laboratory Management
2 Optimization Systems



How does Smart Grid apply to distribution
systems?

Processes and technologies used to optimize the combination of
qguality, quantity and cost for water system management

Data Fusion
and analysis

Optimization
T and

Collection and : - .

Communieation Y Visualization

Sensing
and Control

Data Management ,
and Display

Physical I

layer :"-,: Operat|0na|

(\g’\ﬁ?{ Efficiency
y (Cost)
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Components of distribution system Smart Grid

* Integrated information  Display and present data easily
platform In a decentralized manner
* Collect multiple * Perform analysis

streams of data, in real-time - Recognize competing

« Understand inter-relationships objectives through a
between the data multi-dimensional decision-

- Develop algorithms and making process

computer systems to analyze
events as a result of inter-
relationships



Case Studies: Optimizing Water
Quality, Quantity, and Cost



Tracking an Algal Incident in New York City’s Drinking Water Based On

Customer Calls Expedites Solution Implementation
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Real-time LIMS (Laboratory Information Management System)
Visualization

l\_// ‘mackensack |eaneck Englewood

A
[ 19 Garf'eld ’\S

E};f‘t 21 Lodi Mgota .-//\\\ C|Iff5%__._

Clifton  w o ' ) :

./I/ Pas fgal.c. e Rldgef'eldJ/Park Leoma & / @ ‘ p nds
fueve /( . Wallington Little Ferry pilicad ';ort LeT { Cm."\m ‘

L2 East Rutherford /? PR ol y i 4 Mano

\\BNutIe \R?therford Ridgefield  Edge ‘ R\ asl&;;ster’ S

> R MetLife A [ *Cliffside Park ﬁ- R 3
| Lyncihurst‘¥ Sporfé =~ I& "=\ | Kings Point
Montclair Township compm/’/ ) Fairview M
Glen Ridge » R 4 ; ; Cess) Great Nec
Bloomgfleld Bellevnlle Seca;us\ Ng'th Bergen W / ¥ o R o T Great Neck P|
3 [ NOFth AflmgtO“ // ‘West New York - 4l ' s
ge ff/ /// Umon Cnty‘
<) \ I
as?@éq@e Kearny // __//( (s ] OB :
/// | //“'

4 Newark
ton
//} \\Q {_zit_
le [X]
2] /4
izabeth}y
= /s
(1) #
,;;?_:’\"« /'_‘““~\..-/-W"
ll(\)(]léﬁ//

Jamaica | Cedarhur

Bay'. . 'ﬁ.‘%}

4
/ \ ,«"’ ULLS HEAD o 3
3 W | . FLOVD Brm”r . . 5=
/ '{/:esh Staten Istar. New' Yo rk : HAMMEL Atlantic Beach
\ills .
Bo y = Jac_pb
t g **Rirs
/ ; Br.Point Park
L Breezy
Point
Park

31 Smart Grid for Distribution System Water Quality Management



Real-time Evaluation of System Water Quality
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Real-time Visualization of Chlorine Levels demonstrates
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Water Quality Data Sources
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Water Quality System Architecture

Online Water

Quality
Monitoring

Public Health Sampling &
Surveillance ' ; Analysis

Water Quality
Optimization

Consumer Enhanced
Complaint Security
Surveillance Monitoring

‘ Consequence Management Plan I
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Water Quality Optimization Programs

Sandia National _
Laboratories, CA Fort Collins, CO EPA/ GCWW, CN

New York City

San Francisco, CA

Philadelphia, PA
Port Hueneme NAS
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Representing Information More Efficiently
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Water Quality Trending Visualization Tools
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Detection of Aggressive Water

Changein UV Absorbance due to fouling by Iron Oxide

30
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‘ Iron oxide peak from leaching ductile iron pipe
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Early identification of aggressive water problem

saved the utility $20M in early replacement costs
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Optimizing Treatment Plant GAC Filter
Performance

DOC and TOC

5/1/2007 ~ 8/31/2007

Reduced annual GAC replacement costs by
$100K at each WTP

A0
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Tracking Water Age Real-Time

Nitrate Concentration

NO3-N [mgiL]

| Nitrate concentration profiles illustrate 16-hour travel time between the two sites

21.01 2201 2301 24.01 2501 26.01 27.01
Date

18.01 19.01 20.01

Verification of hydraulic model accomplished by

28.01

tracking travel time between sites
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Site 1




Detecting leaks through customer water quality
calls
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Two examples where consumer complaints were received
that indicated a leak before it was detected by other means.
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ldentifying Source Water Changes

Turbidity Combined Ci
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Water monitoring at inlet to a military base
shows changes in source water provided by a retail provider
when it reversed the flow in the distribution system.
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Tracking Treatment Changes Through the System

Agms MNarms Almers
Slww L A
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Using monitoring stations to track a water quality problem
through the system that originated from the WTP.
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Water Quantity Sources of Data
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Operational Efficiency Saves $$

Operational
Efficiency
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Smart Grid Application: Copenhagen Smart Cities Program

Municipality of Copenhagen Specific Use Cases

P Current and Potential Pariners
Traffic Monitoring , ' REGS S—

Congestion - bicycle tracking - K - Pilot Deployment Feb '14 i
incident monitoring e - Scaling planned \ § CONSIQ

City WIFi ' Smart Waste
(#)

Smart Waste as IoE innovation area
for greater Copenhagen

IoE for Health
- Video for care homes

. Smart Municipal Buildings
- CRE
- Energy Management

IoE for Tourism ] . Cloud Burst Program
- WIFi Access for Tourists ‘
- Location Based Services
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City of Copenhagen — Smart City

* Problem

— Copenhagen has recently experienced significant rain events (10-12” over 2
hours) causing 2.5 Euros ($2.84 B US) damage per event

* Solution
— City Council approved a 1B Euro ($1.14 B US) budget

— Create an integrated solution covering multiple technologies and service team

Wet weather modeling

Smart sensor technologies, data analytics, spatial dashboard
SCADA integration

Conventional control structures

Green control structures

Response plan

* Program Team

— Cisco leads Smart Cities Program

— CH2M HILL provides water and wastewater solution

48
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CH2M Approach
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CH2M Approach

Cohesive,
integrated solution

Many existing components : o
y 9 P Overall visualization

QV(_eraII_ Use all available Convert Big Data
optimization sensors and inputs real-time
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CH2M Approach — Ecosystem partners

* Qualcomm — World leader in the development of cellular and wireless technology (2 year
collaboration)

— Working with technology providers to adapt their sensors with M2M wireless communications
— Cincinnati MSD Technology Innovation Partnership

» Developing pump station appliance
— India KNBIR project support for Dynamic Operations Model (Smart Grid)

 Cellular communications analysis for 300 km pipeline alignment

 s::can — Advanced water quality sensor and data analytics supplier (10 year partnership)
— 10 advanced water quality monitoring projects

— Multiple water and wastewater treatment applications
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CH2M Approach — Ecosystem partners

52

« CISCO
— Announcing global partnership for Smart Cities in April
— CH2M HILL services from multiple groups
» Water and wastewater system planning and design
« Urban Planning
» Transportation
— Project Opportunities

« Urban Planning — Two new cities along Mumbai Delhi
Industrial Corridor

» VA Hospital whole facility real time water quality
monitoring

* Copenhagen Cloudburst Program

Smart Grid for Distribution System Water Quality Management
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The future of Smart Grid



The Future of Smart Grid

« Optimize and Balance: Quality, Quantity and Cost
— Most focus on monitoring quantity (AMR/AMI)
« AMI provides information beyond customer billing (i.e.; leak detection, backflow, meter tampering)

— Use Big Data analytics to reduce costs and improve quality
« Utilize all the data coming into the utility

— Currently less than 40% of data generated is actually used
« Understand the patterns

— Do not overwhelm operators with data — provide information that can rapidly be converted to
knowledge and action.
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Thank You

Michael Karl, CH2M HILL
mkarl@ch2m.com

C 425-749-2020




