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SmartWater®functional framework
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1. Background MO

1.1 The definition of smart water

Data acquisition |
Instrument

Analyze and

process database
Water quality Smart Provide
monitoring I \Vater internet advice and -

equipment of things suggestions

- Smart Water

(online monitoring

Wireless network “ Visualization
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1. Background

1.2 The necessity and feasibility of smart water in China
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1. Background

1.3 The development of smart water

Bl Initial stage B Automation stage

Automatic control of
Enhance water valves, pumping
supply capacity stations and

production processes.

—MONL e ST

At present, most cities are located
between these two stages in China .

Hl Digital stage ‘ Il Smart stage

Combine the Internet
of things, cloud
computing,big

data,mobile Internet

and other new
generation of
information technology

Build business
systems and
databases
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1.4 The framework of smart water in water distribution system
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2.1 Leakage controlling

] o 3 &=

District Metering Blind.Source L eakage control of Drop-restore
Area, DMA Separation , BSS ~ multi-source water | Pressure Leakage
o J— _ ~ distribution system by Control
- Minimum Night flow, optimal pump ’
MNF schedule
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2. Application 2o =

2.1 Leakage controlling
2.1.1 Mean difference test and Student's t test

We believe that if there is a difference in daily water supply rate that means there may be leakage.
Based on this assumption , if the daily flow data varies much, then we think the pipes around the
monitoring leaks.

2 Support vector machine
@ Mean difference test
@ Student'st test
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2.1 Leakage controlling
2.1.1 Mean difference test and Student's t test
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2.1 Leakage controlling

| ] s 2 =

Mean difference test Blind Source Leakage control of Drop-restore
and Student's t test Separation , BSS multi-source water Pressure Leakage
4 | | - distribution system by Control
| optimal pump |
schedule

|

Development and Application in Water Distribution Networks of Smart Water in China



UNIYERSITY OF

1, EXETER/

2. Application

2.1 Leakage controlling
2.1.2 District Metering Area, DMA

Night Flow cumyhr
L]

A Backaround leakaoe assumed constant with time at current pressure
0 20 © v (] 80 100 120 140 180 181
Time in Days
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2.1 Leakage controlling
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Mean difference test District Metering Leakage control of Drop-restore
and Student’s t test Area, DMA ~ multi-source water  Pressure Leakage
o J— _ ~ distribution system by Control
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2. Application S MONL

2.1 Leakage controlling
2.1.3 Blind Source Separation , BSS

Blind source separation

-An integrated method of information theory,
artificial neural networks and statistical signal
processing.

Separated signal

ixed source signal

-‘BSS can separate the mixed unknown sources
about which we don’t know how they mixed and
what they are.
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2. Application & il

2.1 Leakage controlling
2.1.3 Blind Source Separation , BSS

The observed signal x is gained by linear mixing the source signal S with mixing matrix A. By searching
separation matrix W, the separated signal Y is obtained from the observation signal x, so that it can approach to S.

X=AS
y =Wx =WAs =Gs

The basic leakage quantification model :

Qr = Q4+ 0

The amount of water consumption and leakage can be estimated only through observed inlet pressure and inlet flow
signals, without any prior conditions

X |_|1Q Sy |_ |G
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2. Application

2.1 Leakage controlling
2.1.3 Bllnd Sou rce ggg;g;atlon BSS N
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2. Application MO

2.1 Leakage controlling

| ] s 2 =

Mean difference test  District Metering Blind Source Drop-restore
and Student's t test Area, DMA Separation , BSS | ~ Pressure Leakage
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2. Application AT o T

2.1 Leakage controlling
2.1.4 Leakage control of multi-source water distribution system by optimal pump schedule

(1) The city’s water supply pattern develops from a
single water source to multiple ones.
(2)This trend makes the unbalance between water supply
and demand, which causes some problems:
» cause waste of energy;
» produce excessive pressure;
» Increase the amount of leakage.
Therefore, it is necessary to have a pump optimal
schedule for the water supply system in a reasonable way
to reduce power consumption and leakage.

Development and Application in Water Distribution Networks of Smart Water in China
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2. Application oG

2.1 Leakage controlling
2.1.4 Leakage control of multi-source water distribution system by optimal pump schedule

=

Build multi-source water
distribution system pump
optimal leakage control model

pump optimal scheduling model

water supply network partition model

—

Development and Application in Water Distribution Networks of Smart Water in China



UNIYERSITY OF

2. Application ORI e

2.1 Leakage controlling
2.1.4 Leakage control of multi-source water distribution system by optimal pump schedule

An example of leakage control project of water supply system in HD city

Basic information about water supply system in HD city

HD city is a multi-source water distribution system, which has three water
plants and 12 pumps. There are more than 4,000 pipe sections in this system,
across 507km, together with 1022 valves, 10 pressure monitoring points, and the
maximum pipe diameter is DN1000, the minimum is DN100. The majority pipe
diameter is DN300. HD city’s terrain goes through ups and downs, the maximum
elevation difference is 90m, the whole terrain trend is from high west to low east.
The water supply network topology of HD city is shown in Fig. 3.

pipe diameter|
200.00
£00.00
; 800.00
o
» 1200.00
d"' mm
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2. Application RS

2.1 Leakage controlling
2.1.4 Leakage control of multi-source water distribution system by optimal pump schedule

HD city’s water supply schedule can be divided into three periods. The first period: 6:00 to 13:00pm; the
second period: 14:00 to 21:00; the third period :22:00 to 5:00. After partition and schedule, free head
distribution and regional distribution of water supply is shown in the figure below.

»The average pressure of entire
network changed from 50.3 m to
46.2 m,

» The leakage rate changed from
11% to 8.6%, power
consumption was reduced by
0.32%.

Free head distribution of water supply Regional distribution of water supply
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2.1 Leakage controlling

] p = £

Mean difference test District Metering Blind Source Leakage control of
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2.1 Leakage controlling
2.1.5 Drop-restore Pressure Leakage Control

o : : .
O EIEiERETS ORI W When studying the axial crack characteristics of PE
3D A, YERAL Tapsy
—— A T .
R p—— © - pipes, our research group found that for the same head,
BE;

the area of the leak in the process of pressure rise is
smaller than that in the process of pressure drop.
Relative to steady state, the area of leakage in the
pressure rise increased by 10%, and the area of pressure
drop processes decreased by 40%, respectively.
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2.1 Leakage controlling
2.1.5 Drop-restore Pressure Leakage Control

. _ _ _ FEE -
Drop-restore mechanism is dropping and restoring head quickly that o Emgﬁ Ve

changes the pipeline from a high-leakage state to a lower-leakage state |

and achieve the purpose of reducing leakage quantity without changing a: =T bt B 7
z il A '
average pressure. - I T e
112
Compared with existing pressure reducing method , this method is more o

refined in leakage controlling. |
HF/h
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2. Application 2oL o X

Leakage
controlling

Risk
assessment
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2. Application ML

2.2 Early warning of water quality

An early warning of water quality system is used to detect random contamination events and
to provide information on the location of the contaminants within the system. So that we can
take action to recover the quality of the water supply system.

‘ Sensor placement

’ Event detection YA R A —y
P P . P S S
- - R - > 'ﬂf' 3 B\ ! b ‘," ':'-'i,‘-:::'r){” ! “ E‘U.';.’i ;?"J‘l;,l" !
’ Contaminant source identification | : ,,'~,*f;§;,*, W . RS B
|2 A R Ty Loy shery, A7
Vo 'E‘:.
’ Response
’ Recovery

Based on the accuracy of the water quality model.

Development and Application in Water Distribution Networks of Smart Water in China




UNIVERSITY OF

) WERTH

2. Application —) WO

2.2 Early warning of water quality
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2. Application

2.2 Early warning of water quality
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2. Application

Leakage warning of
controlling water
quality
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2. Application

2.3 Risk assessment
A Case Study on Risk Assessment of Long Distance Water Supply System

Design flow of water transmission project M is 954,800m3/d, and water is transmitted by parallel pipeline with
gravity flow to H city.

Four throttle control valves along each pipe uniformly

Two surge tanks : 38+350.350 m and 100+839.220 m

Air valves : 439 ; Butterfly valves for repairs : 68 ; Butterfly
valves for connection : 12
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2. Application ML

2.3 Risk assessment
A Case Study on Risk Assessment of Long Distance Water Supply System

Water
hammer
alculatio
analysi

Establish Emergenc

plan

(Adopt fuzzy N ( ) To oredict and (" To deal witha )
comprehensive : P series of
) To find weak estimate the
evaluation i _ : dib problems
method for sections |m_pacl:_ caused by caused by
\assessing risk \ y kplpe ne rupture) \_Pipeline rupture /
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Participated in the eu's seventh framework, “Marie Curie action” plan
The England royal society exchange fund

Natural Science Foundation of China

National “11t" five years’ plan " special water projects

Published many Chinese and English research papers, and work as a chief editor
in the compilation of 3 Chinese and English works.

Software copyright 3, approved 17 invention patents.
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