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A wise person loves water; a virtuous person
loves mountains.

The Spring and Autumn Period

el )

Confucius (551-479 BC)'

UNIVERSITY OF

EXETER

Centre for Water Systems


https://en.wikipedia.org/wiki/Confucius#cite_note-birth-2

~ Great Yu controls

Yu the Great (c2200-2100BC) 7K7ET Hilfi-
Dredging and diverting instead of building ¢©
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flood

UNIVERSITY OF Wu et al., Outburst flood at 1920 BCE suppot
E ETER the Xia dynasty, Science, 2017.
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~ Flood control in ancien

* Ganzhou,

* 900

\

Inese cities



https://baike.baidu.com/item/%E8%B5%A3%E5%B7%9E

Hangzhou

o] I

~Su Shi (1037-1101AD)

* Writer, poet, painter, a :
statesman and water engineer /ig
g

* Redesigning river systems

* Dredging rivers, and building
reservoirs for water supply

* Making space for water.

UNIVERSITY OF



—Dujiangyan

Constructed 256 BC
Three key components:
- Fish mouth levee

- Flying sand weir

- Bottle-neck channel

Flood control, irrigation,
silt control

Irrigate 5,300 km? of the
Chengdu Plain

UNIVERSITY OF

EXETER

Centre for Water Systems
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s
Dujiangyan Hydro-Project

levee

bamboo filter
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"~ SMART Tunnel % ’

‘ SILA NYALAKAN LAM
] &
’, 7 \\'\\\‘

® Storm drainage and road structure,
9.7km |0ng Cross-Sectional View of the SMART Tunnel
® Reduce the occurrence of floods
and traffic jams in Kuala Lumpur

® Three operation modes: no rain,
moderate and extreme events

Storm Water
e Tunnel

EXETER

Centre for Water Systems



New York
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~Changes in night ight 1990-2010

China;
Urbanisation = 58.52%
Urban pop=813 million

102 cities with > 1m peopl

UNIVERSITY OF 1 f.:‘ : .
EXETER Source: Google Earth
Centre for

Water Systems
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The Pearl River:
Delta Megacity

Will it be the death of Hong Kong?

| Guangzhou
LB

s

b Ayl

A
iangmen

e

The Pearl River Delta is slowly growing into a single colossal megapolis.
And as controversy reigns over the continued urban development into the
HKSAR's northeastern territories, we dissect the future of the extravagant

sprawling metropolis and see how its emergence will affect —
and perhaps eventually kill - Hong Kong. By Samuel Lai

R |
7 Il | LS M Huizhou
4 ! e e b

L A
JT Dongguan

=

~
' =
Pearl River Delta GDP (RMB): 135,000million Life expectancy: 80 years

Dongguan Zhuhal Zhongshan Jiangmen
GDP: 98 ¢ GO im GOP: 7

Guangzhou
G 230,276m 1
3 2% 0.38%

ealthcare, fine

Foshan
GDP: 146,918m
0.32%
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Evolution of Urban Water Systems

Cumulative socio-political drivers

|9 I, |9
- S >0 S > > D
Water Public Flood Social, Limits on Intergenerational
supply health protection amenity, natural equity, resilience
SOCESS protection environment resources || to climate change

Diverse, fit=for- Adaptive,
purpose multifunctional
i sources & infrastructure
i conservation, || & urban design
Separate poliution promoting reinforcing
Supply sewage Drainage SOUME mterwlay wata’-sﬂl"lstwe
hydraulics | | schemes || channelisation || management protection behaviour
- D D D D | ) D)

EXETER

Centre for Water Systems

Service delivery functions

(Ashley et al., 2013)

Water wise city?
Sponge City?
Blue-green city?
Smart city?
Resilient city?



 What i1s a smar

Water
quality

Network
Volumes m efficiency
N

S

Night flow Hydraulic
rates throughput

Leakage
index

UNIVERSITY OF

EXETER

Centre for Water Systems

OI'K:

Smart Water Network solutions improve the
efficiency, longevity, and
reliability of the underlying physical
water network by better
measuring, collecting,

analysing, and acting upon awide
range of network events. This can take shape
in different phases of the utility process, such

as real-time monitoring and
automation, operational
readiness, or network planning

Source: The Smart Water Networks Forum



~omartness |

Smart
design &
planning:

Smart
operation:

Realtime
Sensing &

Systems
control

thinking

Big data

Innovative

Design Deep

learning

NIVERSITY

EXETER

Centre for Water Systems
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Operational Technology I o I i I
Enabling Wholesale to be more efficient ‘:"“" w«::: z‘w: Montorng Contral Scheduling Execution

Data Fusion EEN -
and analysis | .

Event and Event and Work

modsals Root-Csuse Analysis Management
= i - o g %
Data Management : Ly  f—
! 1 : : v' : . ' = t‘
: Irfe SR 11 : g= FiEF
and Display E f 23
1 - -
SCA:A (Sue) and Raaktime maps Real-time schematics Site Network, Softwara, Mobile
emote)

O&M Manusls

Collection and -
Communication TN L ' Q

Telemetry
Site Network and SCADA Outstationa/RTUs 7:'“‘“:’ Communications
Sensing 5'3
and Control E 6 E
Instrumentstion PMVs

Physical
layer

UNIVERSITY OF

EXETER

Centre for Water Systems

(Sc'urce: United Utilities)




Integration models Sources of data & information
< E = (=)

treatment pipe  natural water
integrated urban units networks bodies
=
ralnfall flood pollution catchement catchement
damage sources development drainage
potential scenarios system
T © © &)
component-based water reservoir decentralised
models demand storage water
pattern behaviour sources

supply & water decentralised centralised
drainage  recycling technology technology

i “JONRE e
>

damage source water pollution future demand
potential  qualities sources scenarios

* o) (®) () (&) ()
integrated urban = LJ m $ 6 .

energy demography economics  ecology local/regional
water systems models climate

[
1
'
. .

< A | ts

L o o impac
: & B
- ' el

[
'
1

decision su pport System soil &.air socia! & urban
UNIVERSIT‘: quality behaviour structure
B B e e e e e e ————— ’ conditions preferences (Eggimann et al., ES&T, 2017)
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“All models are wrong; but some are useful”
George Box,1979

“All data are wrong, but some are useful?”
Tsagbey et al. (2017)

“All data are useful, but some are more useful”

UNIVERSITY OF
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Soho cholera outbreaks in 1854

19/7 to 26/7

Wy
T2

e,

el
X

MNumber of deaths with cholera as a cause

[ mene [ Tiwz  [aws  Wewe W ioois I isandoer

o (kmns.} 3

Bromley cholera outbreak in London in 1866



Global Flood Monitor ~ About  Research  Downloaddata APl Contact

Leaflet | Powered by Esri | DigitalGlobe, GeoEye. i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

> 4] 4 /M Institute for
018, 11:20 PM UTC Environmental Studies H-OOD TAGS
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https://www.globalfloodmonitor.org/

UNIVERSITY OF

ETER 29 March 2018 31 March 2018 1 April 2018
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0-10 tweets
11-20 tweets
21-40 tweets
41-80 tweets
81-160 tweets
160+ tweets
Rivers

mm Populated areas

P!



~— June 2016 event modell
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~——Crowd sourcing rainfa

« US NOAA, the Precipitation o - A L
S BT e L
|dentification Near the Ground O e
(PING) project in 2012 52.40% | R W e
" 7 e A CH
« To encourage regular citizens to 8 i [ A3
report their observation type (rain, 08952 a5kl Wkt -' : .2
fog and hail) = [ T B "-il@.\"’@ A
« Country-wide map of rainfall S e el L; 0,
intensity for the Netherlands using "_,552.30'/-'/., P e \\‘

received signal level data from /R /R
microwave links in cellular
communication networks REZD) T SRS

« Significantly improved accuracy ' Longitude (degrees)
using images from smartphones,
surveillance cameras, cars etc.

Da 90
400
300
200
100
0
Mean = 9.6 km
150 SD= 5.4 km
Mean = 1.2
S 4 km
50 [{
L] b s

0 0 20
Distance between stations (km)

63 personal weather stations in Amsterdam

E ETER Source: Vos et al. HESS, 2017

Centre for Water Systems
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RR vs Raingauge

* Met Office RG @ Exeter Airport
e 0.4mm/h peak intensity
e 0.8mm In 3h

* Two private RGs, —

5 min covering the
whole city

P. Melville-Shreeve
15min series

Dan Grey
41 mm in total

UNIVERSITY OF

Centre for Water Systems



RR much lower than RG
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Utility

Data

Data region

scarce I optimal [[Z] abundant

(Eggimann et al., ES&T, 2017)

UNIVERSITY OF

EXETER

Centre for Water Systems

Performance

Amount of Data

Deep
Learning

Most Learning
Algorithms



Intelligence
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@ Diagnostic

Real time data:
Early warning

® S Alerts
Descriptive

Historical data:

Reports

Dashboards

Queries

Scenarios:
Action plans

Forecasts & Modelling:  optimal interventions
System optimization

Active control
Real time scheduling

Failure analysis



Algorithms

Signal analysis Statistical analysis Al

- Filtering - Multivariate regression - Artificial Neutral networks

- Outlier detection - Principle component - Evolutionary algorithms

- Statistical process analysis - Genetic programming
control - ANOVA >

- Auto-correlation 2

- Spectrum analysis

| D
Seconds Minutes Hours Days Months Years

UNIVERSITY OF

EXETER

Centre for Water Systems



'ﬂrﬂ Detection ~ o :

Vi i % y
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WDS
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Instrument failure?
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500

Sensor drift?

g a8 B B & B

Possible system change?
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300 |

Suspect anomaly - unreported burst Normal demand

Y

AF() [litres/second]

Demand above normal

0.0
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Time of the day

Laucelli, D., M. Romano, D.A. Savi¢, and O. Giustolisi. "Detecting anomalies in water distribution
networks using EPR modelling paradigm." Journal of Hydroinformatics 18, no. 3 (2016): 409-427.

UNIVERSITY OF

EXETER

Centre for Water Systems
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e 2 |/s shift upwards

: Laucelli, D., M. Romano, D.A. Savic¢, and O. Giustolisi. "Detecting anomalies in water distribution networks
E UNIE%Eﬁ using EPR modelling paradigm." Journal of Hydroinformatics 18, no. 3 (2016): 409-427.
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80 100 120 140 160 180
nth hour (one week during winter holiday)

ANN

« Small error...but cannot simulate the holiday
effects

» Fast fitting

UNIVERSITY OF

EXETER

Centre for Water Systems

Prophet

« Stable output

» Decomposable model output
*Easy parameter consideration

49

48

47

46

- Trend

-
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Household

—

D

——> see

Water treatment plant

Water Bank

Benefits or Transfer costs = Q*(P,-P,)

Water overage of

Water
consumptillm

permit

< Tradable Industry
water

'ater consumption é ! i !

® Trading volume Q
- Water permit minus water

consumption

® Transaction Types
- Spot Trading : Intra-month
- Forward Contracts: Intra-year

- Futures & Options: Inter-year,

Purchased
ater er
sos |
® Trading Pricing \
- Buying: Uniform .
- Selling: Uniform & Auction Selling price P, %w

Government monitor and regulation

Risk Management Guaranteed performance of trades

- Manage price and delivery risk - Credit tracking mechanism
- Secure and regulate market - Reward and punishment

Scenariol Scenario2 Scenario3

Saved water
(Million m3)

Trading water e
(Million m®) &‘f/ >
s

. Increased industrial
) production
(Million Yuan)

Net benefits for residents
(Million Yuan)

Saved cost for industry
(Million Yuan)



() Remember me

Forgot password?

LOG IN

‘ { & Password J

Daily Water Consumption (

p

Monthly Water Consumption C

Annual Water Consumption (Lj

=

1234567 89101112

water usell tll
B ST N
w 6 G 8

°

month

==Min Ave =My

g < Water Volume Trade i

Maximum Trading Volume
Water Permits
Trading Prices

Trade Amount
7]
Benifit

21

TRADE

20m?

10m?

{  Water Fee Payment L

Water Consumption 17m? q]|4 % ('l,l
| water use 10m?

| Trade Amount Tm?

Water Fee 20.41 ¢nxoe @)

| water Price ]
<=15m* 2.3[
<=20m* 3.45]
>20m* 6.9
| Water Fee 9
154 2.3+24 3.45=41.41
I Includes Benifit 210

¥ pay204]
Payment Password

PAY

¢  User Buy Water

Water Volume Available xxm?
Water Price xxm?
Trade Amount

XX | m?
Total

XX ]

Water bank: implementation

|l < Historical Data Statistics 2 |

Historical Water Saving O

You Saved: 10t

Historical Water Saling @

Historical Water Buying {

(M

~

N

~

N

(R

~
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Previous work:

Chris Sweetapple: GHG
emissions; resilience analysis

Fanlin Meng: operational permits;
real time control; cost-benefit
analysis

Maryam Astaraie-Imani:
Combined impacts of urbanisation
and climate change

Arturo Casal-Campos: grey vs.
green; reliability, resilience and
sustainability; robust adaptation
pathways

Biniam Arshagre: Integrated

UNIVERSITY OF

E ETE@@tchment & case studies

Centre for Water Systems

Integrated—<¢

SEWER - WWTP
torage
SYST E M Tank =
Combined _.Ej
Seal Physical and
overflow | > biological >
wastewater
& treatment Efﬁuen

-

Storm
Tank

7

Local/Global RTC for CSO
discharges and storm water
TWWTP

l%eatment >.

Integrated RTC for operation with regard
to the river water quality

*Local/Global RTC to
=optimize processes at

=

Objective and information

RECEIVING



~—  Reinforcement learning

Agent

—)Z@O Control Action
—>
>

* Supervised learning States
: : >

* Unsupervised learning Reward

* Reinforcement learning

e generalization of
supervised learning

e |learn from interaction w/ = Sioerrater

environment to achieve a Sensors Infrastructure
goal SWMM

Environment

Source: Mullapudi et al. (2016)
EXETER

Centre for Water Systems
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Source: Loucks and van Beek (2005)
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~—— Public Private Partnerships

The concept of low impact development }, "

M Ecological benefit
<& Porous

S pavement
J\

surface runoff reduction

|
"
W I |
ntruction of loy! i tdevelopment
and theﬂ ratio rew: mecl}amsm"

Economic bene

More net benefit
awarding floor

4

>Can Chlng’s model go global?

All solutions
Pareto solutions

-A floor-area-ratio incentive

The policy of floor-area-ratio incentive

-Trade-off between runoff
reduction and incentives

UNIVERSITY oOF Source: The Source by IWA :
E ETER (May 2017) Source: Cheng M. et al. (in press)

Centre for Water Systems




~ Gartner Hype-Cycle—

Machine learning

A Deep learning
loT platform Autonomous Vehicles O <5 years
Smart robots : ® 5-10years
Cloud computing A 510 years
Nano-tech sensors Commercial UAVs (DroneS)
€ | Human computer
O | interaction
e
qg JQuantum computin
v
|.>|j Digital Twin Software-
defined Virtual
Deep Security Reality
reinforcement -
General Al learning Augmented Reality
Innovation Peak of Inflated Trough of Slope of Plateau of
Trigger Expectations  disillusionment Enlightenment Productivity
UNIVERSITY OF .
EXETER Time

Centre for Water Systems
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= Conctustons -

Smartness

e Embedded in planning, design, operation and
management

e A means to achieve Safe & SuRe

Smart water systems
e Links infrastructure, information and people
e Data are useful but should be used with care

e Al is great...but for now remains just a hopeful
promise

EXETER

Centre for Water Systems
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