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Background &
Requirements




O 1 Integrated Water Pollution Control

O River Chief Policy. Black and odorous water
treatment, Sponge city reformation -- The crucial
stage of comprehensive rehabilitation of water
environment —

O Local governments have implemented a large — P& N
number of water control projects, including urban b
pollution interception, black and odor control,
sponge city and Under ground Utility Tunnel.

O Construction of water control ends, sponge city

farmland

pilot cities assessment. water supply plant poniis:

O How to make effective operation and maintenance Sime R
on river control to ensure sustainability of 4 L‘:!!:- &, ’
governance effectiveness is an important task for (f % oy &*ﬁ{ﬁ;ﬁ{ﬁgﬂt‘;?:;i;@\“fp.river
investor and operator, and is a technical difficulty e \ e

—

to be solved in water quality upgrading industry.

natural water source area

(Nangi Ren et al, 2017)



[0 Operation company: hope to save operation and
management cost on the premise of reaching the
standard.

[0 Government & River Cheifs: need timely, accurate,
concise information and risk prevention and control
recommendations,

0 The public statement needs multi-sided information
release.

After the remediation...

Solution: At present, emerging technologies
like environmental sensing, remote sensing,
remote control, internet of things, big data,
artificial intelligence are widely used.




Trends of Fusion
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O 2 The Fusion of Environment Technologies =

The integration of environmental governance EFEE ( +=F" BEEREE RN BEN
technology and emerging information technology is a
major trend in the development of the industry in the &= &iax. sEmritilsssh. B ERERsREEEE. 7
new era. KT (B). IEZE(F). MEF (/) :

g  +=h" BEEMETLAEIR) EIRAIRT , EAEEM
T,

Mt =R MR LR doc

€"13th Five-Year Plan" for energy-saving environmental
protection industry development ) says: “Promote the deep
integration of online monitoring technology and information

technology...environmental monitoring data can be modeled, ﬁfﬁi{%ﬁé
refined and accurate.” o nﬁﬁ
{Emerging Science and Technology trends: 2016-2045) SRAGE

I 15 (RIP BB

published by office of the Deputy Assistant Secretary of the
army puts forward that intelligent city, data analysis and water

crisis response is the national strategic position. Emerging Science and Technology

Academician Tang Hongxiao states that environmental science Trends: 2016-2045
and technology will then make full use of numerical information, A Synthesis of Leadinq Forecasts
simulation models, satellite remote sensing and other disciplines
and technologies, coupled with the Internet, large data, artificial 2
intelligence and other innovative means of integration and /¢ Office of the Deputy Assistant Secretary

development. R /. of the Army (Research & Technology)

20165F12H22H




--Science is often driven forward by the emergence of new
measurements. Whenever one makes observations at a scale,
precision, or frequency that was previously unattainable, one

is almost guaranteed to learn something new and interesting.

By James Kirchner et al. 2004.HP.



High-frequency monitoring and surrogate monitoring

The detection and identification of specific substances in water involve the use
of

e Traditional wet chemistry
Titrimetry, spectral analysis, mass
spectrometry analysis

sensor
turbidity (NTU)
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: ::"" parcantile streamflow. Some stations, for example, measure stage only.


http://www.sciencedirect.com/science/article/pii/S0043135414005053?via=ihub#!

Technological challenges and scientific problems

e How to quantitatively design online monitoring network ?

e Successful application of river water environment model in water control project
scale is rare, and traditional water information platform is difficult to apply to
complex operation and maintenance problems;

e Chinese Water Pollution Control Campaign has its particularity in administration,
development stage, urban infrastructure and so on. The successful experience of
developed countries can not be directly used for reference;

e The existing common management platform is difficult to meet the actual needs
of enterprises. The general integrated management platform for black and
odorous water only considers routine business such as daily maintenance,
performance appraisal, assessment and supervision, and water quality monitoring,
and can not meet the production, division of powers and responsibilities,
emergency response and other needs of enterprises

it is necessary to integrate enabling technologies, construct environmental models
and technics models related to water treatment, and develop key technologies and
system platforms with independent intellectual property rights.
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THADD for Pollution
Defense
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3 The Technology framework

O Software: Algorithm. Senor Network
Models. DSS Design and
O Hardware: platform. Installation

sensor. chip. conw
test kits

Intelligent Anomaly
Alarming and Risk
Early warning of
water quality

\@gency Management

Emergency Disposal Precise Control and

Qualitative
|dentification and
Quantitative
Inversion of
Pollution Source

Technology and Optimization of
S SN Engineering Risk Treatment
\T/m\—\ —— ‘?’*"w Assessment Infrastructures

i



THAAD: Terminal High Altitude Area
Defense — Missile System




‘Radar system’ — —water quality sensor
network based on quantitative design of
monitoring network

‘Early warning system’——WQ prediction
and anomaly detection based on
mechanism model and data driving model

‘Launch system’ — — qualitative and
guantitative coupling pollution source
analysis;

‘Combat system’ — — emission control,
emergency disposal, Fine control and
optimization operation of engineering
facilities




Key Decision Support
Technologies with

Advanced
Environmental Models




Early Warning Pollution Source Decode

Daily Routine MN WQ Forecast Source apportionment
Emergency MN :
sency Anomaly Detection Source Identification
Online MN : :
Risk Early Warning Source Inversion
Sampling MN

Urban Water MIN

Watershed MN

Precise Control and Optimization | Emergency Management |

Technology Screening

Infrastructure Control

Engineering Risk Analysis

Operation Optimization

Risk Communication




core technology: optimization design of sensor and sampling network

Problems and needs: Solution: Quantitative design method

* Online monitoring sites are expensive * Matter element analysis (Chen et al., 2012) ,

* Meet control needs Information theory (Harmancigolu et al.,

e Limited funds 1992) ,

* Use a few sites to represent the water quality e Genetic algorithm optimization (Telci et
change of target river al.2009)

* Normal management. Emergency * Complex network method (yangxue Xiang,
management 2016) ,

* Cluster analysis (Tanos et al., 2016)

Water quality model + Information entropy —’~ Optimization

Complex network
analysis

Function of water quality model: (1) expand monitoring data; (2) take the simulation performance of the
model as the optimization objective



Information entropy theory

* Entropy is a parameter that describes the
disorder of an object.

e Shannon(1948) described information as ‘a
decrease of uncertainty’, and gave the
definition of information entropy.

 Arandom variable X follows the distribution
P(X=x.)=p, i=1,2,...,n. Then the uncertainty or
information entropy of X is defined as

n
HX)=— Z p;logp;
=1

H(X)

H(X,Y)



Optimal placement of sensors in distribution systems
ensures safety of drinking water.

P = Bazargan-Lari (2014)
: e “GO mm Naserizade et al. (2018)
0 Pareto point # 273
S N Pareto point # 274
4 o Pareto point # 275
J = )
L#

Cl Value of Information (VOI) can be used
for accurate and robust placement of
sensors.

O VOI enhances the decision space and
enables exploring the entire feasible
space.

C Transinformation Entropy (TE) minimizes
redundant information from multiple
sensors.

O TE maximizes probability of detecting
contamination events.

VOIi(j) = > P(m) lm{?x(ZCm.s}Pfﬂm})
M 5

&F o ‘
— max Cla.s)P(s) | |. :
a (; ° : 0 ol 02 03 04 05 06 07 08 09 I

Relative VOI

Khorshidi, et al. 2018, Water Research



https://www.sciencedirect.com/science/article/pii/S0043135418305001#!

Quantitatively Design of Emergency Monitoring Network

Maximize the information which can be captured by the network

Minimizes redundant information from monitoring section

Emergency Contaminant Spills in River

/

The novel framework for emergency

monitoring strategy
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Period: Emergency Preparedness Period: Emergency Response

The spill incident happened
s the spill scenario planed?

Set spill scenarios base on risk
analysis

Apply water quality model to calculate
the travel time and concentration distribution pollutant transport

Design emergency water quality monitoring network by discrete entropy theory

Calculate pair-wise Temporal
Information Transfer Index (Temporal
ITI) of different time interval and
calculate the sampling time interval
using Fourier spectral analysis

Calculate pair-wise Spatial
Information Transfer Index (Spatial
ITI) and derive the curves of the
Spatial ITI versus distance

,,/(/

Set the optimal distances and
positions of emergency
monitoring sites along the river

Set the starting and ending time and
time interval of emergency sampling

Emergency
Incorporate the monitoring HERG E}nl Emergency monitoring
locations of plans relative | €MErgency plan |- 0 4 for current
environmental to spills <> spills incident
sensitive pela Store new cases
receptors (Plan
Database )

Step 1: Initialization
A: Empirically set the first monitoring site S, at location L, and the furthest location L,
downstream of concern.
B: Assign m potential monitoring locations L downstream S, with distance interval Ad, where L=
Lo+i*Ad (i=1,2,...,m)
C: Extract containment breakthrough curves (BTC;) at each location L; from containment transport
model outputs
D: Divide each BTC into n segments, i.e. there are n+1 concentration values
E: Calculate the discrete entropy H(X) at each BTC according to Eq.(1)
Step 2: Design emergency monitoring sites S based on Spatial ITls
A: Calculate SITI(L;) between the it" location L;and initial location L, according to Eq. (2-4)
B: Find optimal monitoring sites S, from potential locations L
Set k=1
Fori=1to m
set j=i+l
while (SITI (L;)-SITI (Lj) <10% AND j < m)
j=i+1;
end while
if j 2 m+1
set the k' monitoring sites S,=L;
i=j; k=k+1;
end if
End for
C: Assemble [L;, S,...,S¢, L,,] for the emergency monitoring sites S
Step 3: Design sampling time interval t at sites S based on Temporal ITls and Fourier analysis
A: Extract travel time of leading edge, peak concentration and tail end of contaminant plume ,T, Mo and
T, respectively, from containment transport model outputs for each site S
B. Extract discrete BTCs in [T,, T, ] by different potential sampling time interval AT, , r=1,...,,R
C: Calculate TITIs between each BTCs by AT, and BTCs by minimum time interval AT, e.g. 5mins
D: Calculate optimal sampling time interval based on TITls, Ty
Setr=1
while (TITI (AT,)-TITI(AT,) < 5% AND r<R)
r=r+1;
end while
Set 1, = AT,
E: Calculate optimal sampling time interval based on BTC characteristics, t5;c, which is defined by T,
and T, and able to estimate by Eq. (8)
F: Calculate optimal sampling time interval based on Fourier analysis, T;,.» €stimated by Eq. (10)
G: Set t=min (Trm, Teres Trourier)
Step 4: Assemble emergency monitoring plan by sampling at sites S with time interval t during the
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= Truckee River The description of injection location, sampling stations and tributaries.
= I ake Site  USGS Station  USGS Station Name Distance Latitude Maonitoring Notes
E & No. No. (m) Longitude Type
Trlbutary Rlver #1 10337500 Truckee River at Tahoe City, Calif Oinjection) 39°09'59" N Hydm" Downstream side of State Route 89 bridge (lake
0 225 45 El 120°0838" W side)
#2 Truckee River below Squaw Creek near Tahoe City, 989747 39°12°42" N wQ* Under private bridge below Squaw Creek.
- — calif 120°11'54" W
= #3 10338000 Truckee River near Truckee, Calif. 2032601  39°19'14" N Hydro + WQ  Near center of channel at gaging station.
12001747 W
#4 10339010 Truckee River at Brockway Road at Truckee, Calif 2476780 39°19'36" N WQ Near right bank under bridge
120011°00" W
#5 Truckee River at Glenshire Drive near Truckee, 3236390 39°21'11"N WQ Center of channel under bridge
Calif 12000717 W
#6 10344505 Truckee River at Boca Bridge near Truckee, Calif 4024969  39°23'07" N Hydro + WQ 30 feet downstream from new Boca Bridge
12000512 W
. 3 . . . . T}1* Olympic valley (lake cushing) 985943  39°12'43" N Hydro Squaw creek, close to Site2
Fig. 2 The study area of Truckee River and sampling sites for dye tracing experiment 120°1157° W
T}2 Donner Creek at Hwy 89 Near Truckee Ca 2381357  39°1916°N Hydro Donner Creek, between Site3 & 4
120°12'25"W
T3 10339419 Truckee-Carson Martis Creek Near Truckee Calif. 3413904 39 1944'N Hydro Martis Creek, dose to Site5
120°07'00"W
T4 10340500 Prosser Creek Dam Near Truckee, Calif 3696500 39°22°24'N Hydro Prosser Creek, Between Site5 & 6
120°07'50"W

a. tributary junetion, b. monitoring hydrelogical parameters, ¢. monitoring water quality parameters.
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Spatial ITI

Validation Case : Songhua River, Northeast China

Songhuajiang ; L 7 Hougang Village

Village

Sampling Periods (hours)
85
PR
P
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Fig. 10 Spatial ITI decrases downstream in Songhua Rive
r nitrobenzen spill case



! Early Warning M Pollution Source Decode

Daily Routine MN

WQ Forecast

Source apportionment

Emergency MN

Anomaly Detection

Source Identification

Online MN

o o o o e o —

Risk Early Warning , Source Inversion

Urban Water MIN

Watershed MN

Precise Control and Optimization

Infrastructure Control

Operation Optimization

Sampling MN S ———-

Emergency Management

Technology Screening

Engineering Risk Analysis

Risk Communication




e Data-driven water quality forecast-7K J5i Tl

=T

e Abnormal detection - & Pk
 Risk early warning- X\ [5; Tii 2



Data-driven models such as artificial neural networks (ANN),
wavelet artificial neural networks (Wavelet-ANN), SVM, etc.
can be used to predict time series

———————————————————————————————————————————————————————————————————————————————

I .l‘:’Ic-fit:ll[l(‘l:ll‘dll‘l(‘-l:l . ' Input Layer Hidden Layers Output Layer 3 The current time
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| Babovic, 2005.
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1. Water quality forecast: “Wavelet-Chaos” Hybrid model

Decomposition atlevel 2 5= a2+ 42 + d1

N
/ I oo i N N ,f;‘.lll ] 15 . , ;
Ifﬁ\_ ] \, T J‘v'\\_ I ,/HJM |/ Vo [ VA .u"n'p"-~_a\'\'-f""’" o] * The actual values
M AV LAY T \ o N W - ] The wavelet-Lyapunov method
j ' ' T T I [ The Lyapunov method
| /\ VJ\ 1 10 —— The ARMA method
/ i i e il
f /\ / A 1 = The ANN method
~ \, \/'\ S
\.\\A/v’\:/ WA A V " B
' a
n f | f I'\ / (‘| 1 | 8
i ,qlx\r_:\,_'\fv / ||| ﬂ|I \ \ A |"| \\ ’»\ { ff\ \,l'l J'I.r” ~ \\\-’ A
J| A "..|J /\L \|k,\ aU'I\ U(\ t\ / \;f
| 0 : : : : :
255 260 265 270 275 280
. Time ( week )
Huaihe, Potomac River Jiping Jiang, et al. 2018.

J. Hydrology. submitted.



2. Anomaly Detection

What are anomalies?

¢ Anomaly is a pattern in the data that does not conform to
the expected behavior

¢ Also referred to as outliers, exceptions, peculiarities,
surprise, etc.

Application of Anomaly detection

Network intrusion detection

Insurance / Credit card fraud detection
Healthcare Informatics / Medical diagnostics
Industrial Damage Detection

Image Processing / Video surveillance
Novel Topic Detection in Text Mining

Environmental management (Aleksandar Lazarevic et al, 2008. Data Mining for Anomaly Detection)

Anomaly

VVVVYVYYVYYVYY



2. Anomaly Detection

Field High-frequency Surrogate Model for Key -
Water Quallty__Momtormg WQ index o —
- . - _5- L oo 02 | |
Combined with > — ' =
Surrogate = - L.p
model and Lo ® | L ” B SRR A e e
data-driven y,=mx, +b+e J)=CL 2w ;(’]:Cé@q-*w}-*“}
model to alarm Rapid Alarming and Anomaly Detection based on
, Physical Inspection Error Distribution
water quality et : s
— I.r“ III:‘\..\VI r I e s || . I'I f
anomaly LN N M
i \I“\II. II'L\_ J/ gy l'. N II‘..‘ 1)
«: e

Binshi, Peng Wang, Jiping Jiang*, et al. 2017. Sci. Total Environ.



The actual monitored
water quality data of
current time

The predicted water
quality data of current
time

Subtraction

Binshi, Peng Wang, Jiping Jiang*, et al. 2017. Sci. Total Environ.
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Study area and monitoring data

& The Potomac River is located along the United States coast of the
mid-Atlantic Ocean and flows into the Chesapeake Bay.

https://waterdata.usgs.gov/nwis/sw

L N B S S B S SR S B SV S S E R S R S — —
3 W |_WT
0 7
Two monitoring stations o
Eol o —sc]
in the wupstream and 00 o e
downstream
N "g ||||||||||||||||||| -
> 514- ”TURB
G\“’*f“k+*’- Tae T o - e 3 My
bV T T T T T T T T T T T 7T
10 ‘ Do|

The time interval is 15 mins g1

an 26 Feb 1 Feb6 Febll Febl6 Feb2l Feb26 Mar3 Mar8  Mar 13  Mar 18 Mar23
Monitored time


https://waterdata.usgs.gov/nwis/sw

TP time series and anomaly events

& The concentrations of TP was measured by surrogate
relationships in high-frequency (time interval is 15 mins)

TP = 0.00103TURB + 0.00570WT — 0.22710g,oSC + 0.776

(=]

(=]

95 101

Two anomaly events were observed from the time series:
March 8 and March 18-19

of TP (mg/L)

2
)
w
S

ation

tr
The discharge (ft3/s)

The concen

0.85 0
Feb 1 Feb 11 Feb21 Mar 3 Mar 13 Mar 23

Concentration time series of TP and discharge



Baseline construction for water quality prediction

¢ The threshold value is determined by the error distribution
function of the baseline time series.

Normal, logistic functions or other distribution function were
used to fit the error distribution.

Logistic

Normal

The 0.5% and 99.5% quantiles of the cumulative distribution
are used to identify outliers

E I e_x_Tu
Yl 0.5% 99.5% fOows) = X—u
5l . s(1+ e_T)
O04 05 02 o1 0 01 02 03 Thresh:.c = u + 1 Pinf )s = —5.29
Residual errors résfint = H n(]_ — Dinf S=H 478
Distribution of the residual errors of prediction Threshg,, = u + In( Psup )s = u + 5.29s
for the baseline (station n0.01632900) P 1 = pPsup



Reliability analysis of anomaly detection results

¢ The receiver operating characteristic (ROC) curve can be used to
assess the quality of decision making and the accuracy of

detection information (He et al., 2013).

Two hypothetic scenarios were established. We
established an abnormal event that occurred each
day from March 3 to March 23 at 10:00 am and 12:00

am.
@ 2 times of original time series in scenario A

¥ 3 times in scenario B
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Scales a

Scales a

2. Anomaly Detection : spectral analysis

Analyzed Signal
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Jiping Jiang, et al. 2018.
J. Hydrol. Under review



3. A GIS-based Generic Real-time Risk Assessment Framework for Pollution Incident

AT REIS R R H BRI AR

| W ) IhH A UL T P
Slepl o
Concentration Field Pollutant fﬁ:gdaer;g transport %
O
@
L ETF5EET RN ESEENSITEE
Step2 . @
Hazard Fleld Response-oriented hazard @ oy mapmm AR KHI HER KR4 mamy
assessment models < B AT ERR OBRER mRE SRR R
2
=
Step3 Decision making-oriented S._
Warning Area warning level classification o ST A B ST A e IR 4N 4
e e S ETERRNEIHENRES BRI
% ek 2 ais SN R T4 4%
Stepd Stepd T RIBE PG A B

Warning Publication Information including Warning
Map, animation,etc

Jiping Jiang, et al. 2012. J.Hazard.Mater.



Sf=0.017mg/L, GB3838-2002,
drinking water soures

Sss=0.017mg/L, GB3838-2002

Vary with different treatment
technology

Sst=2.0 mg/L, GB 8978-1996,
levell

Sho=600 mg/kg of body weight,
'LDs for rats, No clear NOEL !

Shd=760 mg/kg of body weight,
LD for rabbits, No clear NOEL "

LDs, absence, No clear NOEL'!

Confirmed animal carcinogen with
unknown relevance to human’

_____________________________________________________________________

i Sea=1.9 mg/L (Microcystis

aeruginosa)

Seb=7 mg/L (Pseudomonas
putida) *

‘Sep=1.9 mg/L(Entosiphon

sulcatum)’

Sef=112.5mg/L/96H (LCso,
é___Z__gebraﬁsh)l




Time Step. 1 hrs

Legend
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Exposure route: Oral
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EC50: 1.9 mg/l
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e Statistic data analysis
Analysis of pollution source types based on positive definite matrix
decomposition
e Qualitative tracing-Spectral source apportionment
Fingerprint source analysis based on Raman spectra. fluorescence. and
deep-UV
e Quantitative tracing

Pollution source inversion technology based on MCMC Bayesian inference
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Source Identification

Obtain
evidence

Pollution
tracing

B Long-period online monitoring
and automatic warning

B Warning of primary pollution
source

® Two orders of magnitude higher
than visible ultraviolet light

# Tracing time within 20-30
minutes

® Extensive to industry, precision
to enterprise

€ Multi process enterprises can
collect multiple fingerprints

O Saving the digital spectrogram of
water automatically

O Saving the data for 20 years

O Providing the rank of
Contribution rate of pollution

Sensitive to water quality

Identify the source quickly Collect data for all time

Y Printing and dyeing

Abnormal |
"~ wastewater

| Abnormal

- ' ' ' (:00am

Source: Shenzhen environmental monitoring station



Buji WWTP, Shenzhen
Water quality fingerprint and similarity degree(SE)

pumpStation: Default, 0171129, 95907(FD3).TXT pumpStation: Default, 0171129, 02539(FD3).TXT pumpStation: Default, 0171129, 03732(FD3).TXT
800 800 800
: _ : - : -

EM]O E-‘.Oﬂ Eemu -
Pump Station- 95-989%4
M % @ o w o u & w S % W o ow Landfill site 11:00 0
ApexEX(nm) ApexEX(nm) ApexEX(nm)
fandﬁtl:Defaultzﬂ171129211835(F03).m landfill: DefaultzﬂﬂﬂNz129%(FD3).TXT landfill: Defaultzm71129113932{FD?.).TXT Pum Stat| On_
" - o P Statior 97-100%
_ _ Landfill site 12:00
N £
Rin - - Stormwater well- _990%
Landfill site 11:00 98-99%
200290 300 400 500 600 200200 300 400 500 600 20%00 300 400 500 600
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Results: v" Main pollution type : NH3-N, from landfill site leakage

v Landfill Site Renovation, WWTP outlet back to normal




Source Inversion g
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Fig4 Runningmean of source parameters and o
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Table 3  Summary statistics of inverse results at Case—T1(Truckee River) | (C.-R _(5,}}3
- R - o J(5 e Real) exp ——E L ‘?3
i b bl {H Ilean 5D 5 kewness Piazs Fis Bias Bayes [% [1] {a=0035) 25 C}iw + O el
fld 2k of T R o B = 2
Mig) 1300 15305 100 0052 1081 1309 1484 1091, 1486]
Xim) -22108 -195813 3424 0.137 —25731 -19947 12591 [-36345,-13837]
Tl 215 -219 427 0.135 —-293 -220 -12 =300, -145]
o pgtlLY 168 0.389 0.909 107 1.63 258 [1.00, 2.45]
fut 2% of R I e i e

M(g) 1300 1366 172 0.462 1066 1351 1737 [1050,1714]

Xim) -2210 -23969 1965 1.284 —26222 —24482 19045 [-26456,-19999] R H k .

| Jiping Jiang™ et al, China

T (rmin) -215 -7 245 1.283 -799 -778 -210 [300,-227]

o' (gl 0375 0.096 1303 023 03 053 [D.216,0.565] Environ. Sci. 2018.




Source Inverse Uncertainty Quantification

08 ; " g 0.9 .,
Model structures | = 7 iy "
i o e e e e e ~ g 0.7 / 07 |
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1 1 g \ 3
1 : G 03} (03} F =
: : ozt |02 ‘ ) -
i Pollutant | o) oy
Parameters ! transport model i 15 20 A2'5 0 35 2000 4000 6%23 8000 10000
I
1 .
] - Inverse Uncertainty
--------------------- ; Quantification
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i Emergenc e e
Pollution /% gency Tic e —
Source ﬂ I Monitoring g o7 e — —
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Jiping Jiang™*, et al. Frontiers ESE. 2018.



Monitoring Section Design for Emergency Source Inversion

. The location of Sampling time
Inversion methods o X .
monitoring sections interval

Compared with other

All sections be set in
same distance
interval

Correlation
coefficient

The first monitoring
section should be as
close as possible to
the pollution source

Direct optimization

The monitoring
sections should be
set in the location

that can capture the
full information of
pollution plume

Backward
probability density

The distance interval
of monitoring
sections should be
approximate to the
value of

Bayesian inference

Jiang et al. 2018. Environ. Monit. & Assess. in prepare

All sections be
sampled in the same
time

Increase the amount
of sampling and
monitoring sections
as the increasing of
assumed sources

The sampling time
interval of
monitoring sections
is the smaller value
between and
degradation
characteristics time

method, the
distribution of
monitoring sections
more concentrated

This method will be
useful only in the
condition that the
characteristics of

pollution sources is

known

The number of
monitoring sections
is related to the
release types

The location and
time interval of
monitoring sections
be set according to
the Shannon
sampling theorem

The relative error (%)
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Early Warning Pollution Source Decode

Daily Routine MN WQ Forecast Source apportionment
Emergency MN :
sency Anomaly Detection Source Identification
Online MN : :
Risk Early Warning Source Inversion
Sampling MN

Urban Water MIN

Watershed MN

Precise Control and Optimization

Infrastructure Control

Emergency Management

Technology Screening

Engineering Risk Analysis

Operation Optimization
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Research on the fine collection and scheduling demonstration of rain
surface source pollution in sewage interception works of Dasha River

Fine collection and scheduling of surface non-
point source pollution

] . . 4 Investigation and N/ N/ Drainage system N\
Set model for typical water control engineering analysis on the Recognition of operation
measures (SUCh as dosing system, dredging system, characteris:tics of surfac¢.e source con'dition and

. water quality and pollution and environmental
water oxygen enrichment system, source control quantity of river generation rules capacity of storage

. *  Main stream » Distriblition of
treatment syste.m, etc.), then parameterize and /"~ Tributary N /" source N :reev;:::em -
model the physical process. * Regional * Characteristics P
network and ¢ Scale of the
. plant
. . . . . e Sewage concentration
The objective function is built based on the network «  Control area * Scaleof the

storage water

\_* Functionalarea / \_* Generation J \ elf : /

distribution

operational efficiency and the coupled water

1
1
1
1
1
1
I
1
and sewage interception system, rainwater NG basin AN J water
:
1
1
1
1
1
|
1
quality environment model to optimize the :

Big-data inforFH‘Jﬁ?on monitoring system ability

operation. JF 35  JdF
T Tt TTr T T e o ST T
- — | ——Setup-and-useofsimulation-model ——
e R - o ! Using GIS system to simulate the spatial and
P LUl |t TM R I temporal distribution of underlying surface and
E" m "5 N | Intelligent rainfall, the dynamic process of surface water
el 1 : decision-making
1 = M Eass = FORAK | system ( N
- A e | Plan for fine collection and scheduling of surface
L S — = | source pollution
I \ b
|
- L

Source: Zijun Dong's proposal [ Build fine collection and scheduling system ]




Early Warning Pollution Source Decode

Daily Routine MN WQ Forecast Source apportionment
Emergency MN :
sency Anomaly Detection Source Identification
Online MN : :
Risk Early Warning Source Inversion
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Screening of pollution control technology and materials

Screening of pollution control ani
clean-up materials for river
chemical spills using the multiple
case-based reasoning method
with a difference-driven revision
strategy

S

pollution accident

revised cases

xtract premise
difference and

-onclusion ® Satisfied
lifference ones
1 ®
l© Si?n:ci:;erd similar
obtain difference- e M case
driven rules search

A 4
output solutions, @ revise
— calculate Y extract substitute —| similar
case revision case solution pairs cases
base similarity
and take ¢
the <<
. =
highest _ @
extract case | g) 4 O - Unsatisfied
revision (—p| pairs revised rules
base base ones
h 4 ¢
contrast ® revised cases

[spill control and clean-up ma’netials)

implementation

screenlng of —
ey R | croncosten)
dlsposal teehnalogy ' P _PFesPAY
step1: the a difference-
activated | case-haised drilwiln
reasoning revision
a;'aorbrp%%n method strategy
b i - (CBR) (DDRS)
| step2: v
adding thetrr:'nulgq_lre C:Bmethod
coag with a differen riven
il revision strategy
(DDRS-MCBR)

§8C<7 2 PECHPAM:

g T T

Rentao Liu, Jiping
Jiang*, et al. 2016.
Environ.Sci.Pollut.Res.
Rentao Liu, Jiping
Jiang*, et al. 2017.
Acta Scientiae
Circumstantiae

9 ¥
Zhudzhang River—*



v

| Gathering information about sudden water Gathering information about emergency i
pollution incident disposal technology

Engineering Risk Assessment for Emergency w
Disposal Projects of Sudden Water Pollution

echnology can |
ed in incider

oceurred of emergeney disposal technology

Gathering information about the pathway may Identify the risk and their relationships w
The period of making The period of constructing the The period of operating the i

emergency disposal plan disposal project emergency disposal project

ino infi . | Yes
Gathering information about risk *

RISK IMPACT |
ASSESSMENT

|

Evaluate the fate of project in the pathway and
determine speciation

Emergency Environment

monitoring factors assessment Establish a fault tree for emergency disposal project ‘

v

Expert’s linguistic judgements for the basic . . - :
= S Score factors in hierarchy |
events of fault tree i i

Emergency disposal technology
investigation

v RISK

- NP - oo PRIORITIZATION
‘ Calculate priority weights }4—{ Compare factors pair wise ‘ ANALY SIS i

' |
|

: - . Convert scores into fuzzy
> ! Calculate index scores ;
> ? numbers |

The risk of project effect on the surrounding... ; i
» Ageregate of experts” opinions Tuzzy inference i
T

Sl 1

Caleulate the probability of all MCSs and TE
occurrence
v

The risk of external force condition damage or delay the whole emergency disposal system

H

A

The failure risk of the disposal engineering system construction and operation.

Defuzzification  E—

‘ Risk prioritization analysis

Binshi, Jiping Jiang*, et al. 2016. *
Environ.Sci.Pollut. Res. (" rmmgme ) RISK MITIGATION
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The period of making

The reliability of emergency

monitoring and early warning

The possible of surrounding

emergency disposal plan

| The period of constructing

factors effect on the project

The possible of pollution load

greater than load of engineering

The failure risk of selecting

emergency disposal technolog)r

The possible of natural

environment changing

The failure risk of

emergency disposal project

The period of operating

construction organization

The failure risk of

construction technology

The failure risk of

engineering operation

The risk of subsequent

emergency disposal project

environmental impact

The risk of harmless process

The reliability of emergency monitoring network can be

P convey into reliability indexes (100%, 80%, 60% and

the following)

The water periods, the project location and the reliability
of tall module support and scaffolding system

The kinds of pollutants, the exceeding multiple of

= pollutant, the level of pollutant toxicity, and the hazard

properties of pollutant

The timeliness of emergency disposal technology, the
difficulty of implementation, and the emergency
supplies reserves

Earthquake, flood, typhoon, landslide, subsidence,
landslides, fires, and poor geological conditions

The coordination of the owner, designer and contractor,
the construction contractor internal organization and
coordination, and the logistical support

Uncertainty of construction technology, mismatch of
equipment, installation error, the problems of use, loss
and supply of materials, and construction delay

The material properties, equipment reliability and fault
detection

The economic activity in water, long-term human
health and ecological damage

The harmless treatment of materials and equipment, and
the treatment of river sediment

Fig. The risk assessment index system of emergency disposal projects
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There are 3 coke adsorption dams and 5
monitoring sections on ZhuoZhang River

g There are 1.5 km pipeline
3 and 2 activated carbon
location I filters around the reservoir

There are 3 activated carbon filter tanks and
16 activated carbon adsorption intercept dams
within the original 12.9 km upstream channel

e
Vs

Top event

@ External event

TE-Top event: I-the period of making the emergency disposal plan: I1I-the period of constructing
emergency disposal project: I11I-the period of operating emergency disposal project; A-emergency
monitoring and early waring: B-surrounding factors: C-water period: D-the location of project; E-tall
module support and scaffolding system: F-pollution load; G-emergency disposal technology: H-the
timeliness of emergency disposal technology: J-the difficulty of implementation; K-emergency supplies
reserves. L-natural environment changing: M-the constructing organization: N-the construction
technology; O- the operation of project; P----the material properties; Q-the equipment reliability: R-the
fault detection: S-subsequent environmental impact: T-water function damage: U-the atfected to the
contact people; V-the transboundary pollution; W-the secondary pollution; X-the harmless process of
emergency waste: Y-the treatment of adsorbent; Z-the treatment of river sediment; AA-the clean of
equipment used in project.
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very low low mildly low medium mildly high  high  very high
g 1 - - 3
308 4 14
S 46 15
206 45 16
=
504 44 17
= I
éo.z ] - - Risk level I
1%
0 T t T t T T 1 2 ] - .
0 02 03 04 05 06 07 08 09 1 |L | Risk level I
Possibility, P
Fask level I
- Risk level IV

333231 3029 %8

Fig. The contribution of MCSs to TE
probability and their risk sensitive analysis

the decision makers can select effective preventive measures using limited emergency

resources 57






Demonstration Projects




O 5 Demonstration projects

O Songhua River

O South-to-North Water Division Project

O Maozhou River, Houhai River in Shenzhen
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EWERS for South-to-North Water division projects
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Maozhou River: Clean water, close to CBD

MR
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industrial pollution sources, 2015



Drainage Outlets monitoring and management Maozhou River, Shenzhen
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Houhai River: Clean water, close to CBD
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Houhai River Drainage System



In order to set local and advance environment model based on the
environmental science knowledge, we need support of basic facilities of

Information & Communication Technology (ICT) , integrate with other
enabling technology, then establish the operation platform.

Now we are living in the era of big data, it is more and more important
to set up intelligent and precise environmental management. The data-
driven model come back into fashion, integrated with other technologies,
can provide technical support in water quality guarantee, city water
environment management and surface or dot source pollution control.



On the basis of the research above, comprehensive
operation and maintenance of enterprise needs, management
processes, stakeholder information exchange, develop
corresponding system modules to integrate the intelligent
management and control system platform of water body
comprehensive operation and maintenance platform, including
functions like public APP, government decision, etc., for daily
optimal operation scheduling and emergency decision support
for operation and maintenance of water bodies.,



&*!ﬁﬂg&mﬂu Imuﬂqu ¥ Cite This: Environ. Sci. Technal. 2018, 52, 8059-8060

Disruptive Environmental Research

Speculation about technologies that may never succeed will
not solve the world’s environmental problems. Nonetheless, we
need to create more space for risk-taking and disruptive

innovation if we hope to attract the brightest people, obtain

the necessary funding and develop the fresh ideas needed to

succeed in the coming decades. After all, rapid advances in
biotechnology, materials science, and computing mean that
ideas that once seemed like science fiction are becoming reality

in the blink of a bionic eye.

David L. Sedlak,* Editor-in-Chief

pubs.acs.org/est

Disruptive Innovation on
Water-Wise Cities or
Future Water City 7?
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