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BThe purpose of the water resources system main pipe series
connection is to strengthen the stable water supply, and improve
the water resources scheduling and source backup capacity,
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BMbut how to analyze the main pipe series connection that has been

. . X3 1 \,&Em 3 \
built or planned, the problems to be solved include: N e ]
. . KX o v Nl .1
1. How to systematically analyze the water supply capacity of the ke S
. . . . ,’ BPKIR .. b
water resource system main pipe series project? 2Ll 2
2. How to quantify the impact of water resource system main pipe iﬁ’f“@

series connection on dispatching and backup capacity? A T

,‘ ERE-

3. Climate change has greatly increased the intensity and frequency m
of extreme events, resulting in a hlgh degree of uncertainty in i
rainfall, reservoir water storage, river flow, and water supply. ARy

4. How should uncertain water resources be allocated to improve
the stability of water supply?
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Methodology Minimize 3 § cx,

time series data?
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Minimize Z = ¥; %, (f” (0)*+(£*"% (©))?
subject to:
drT
. . —L_ = FIN _ pOUT y;
a. Incorporating the temporal function into dt l l

reservoir optimization (MARREZH/KEREL

1RE)

FiOUT _ FiSUR+ FiDEF: FiDE Vi

StorageCapacity; = FiST >0 Vi
FiOUT, FiSUR, FiDEF > 0 Vi
where 1 is index of reservoir

(.

Normal optimizationx .

not involving time

[\
Inflow and outflow [‘v>.
are functions of time.

AN

4

Discretization in respect
of time.

Vector optimization [::}
problem such as

[f (t1), f(£2), f (¢3) B \

Inflow

time
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The objective is to
minimize the
different between
the outflow and

the water demand )

. outflow
Reservoir
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b. Connection of water resources systems

(K &R R4 BB 2 5T )

Pipelines connection in “Pearl
chain” plan
Network optimization problem

vV

Pipelines make reservoirs have\
connection to other reservoirs
Hydrograph can be superposed
in respect of time.

J

Reservoir 1

Reservoir 2

@ reservoir

=== Inflow
== Outflow
== Pipeline flow




c. Water resouces network optimization on frequency domain
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* Time-series data lacking a
describable coordinate system

/ \v7
* Orthogonal trait of Fourier
series
 Fourier series 1s suitable for

time data project to orthogonal

coordinate system.
\_ g J

Fourier series:
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Minimize Z = ag;" + X (ay +ap; )
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c. Water resources network optimization in subject to: '
Fourier frequency domain ag; —ag ' +X;ag;; — %, ag; =0 Vi )
(EREIERBMEXEERFETKER o) -al"+3a -l =Tb0 vni ()
R ERRREIL) bIN — bOUT + 3 bk — 3L = — " asT wn,i (4)
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* Fourier series can depict Zgiu - Z% . IZ% - Zg% Zn»f (g)
periodic functions through G ST ;oi ST g T @
Fourier coefficients. goo :ST 'y lm—> ((’)l Am=1 TR TR
* Both hydrology and water | a 2=t n s TFL— v‘oo R (8)
usage are periodic. B O Y I FlowCapacity;; Zn:fij + Xn=1anijCOS =
5 b, + X1 baijsin—— = 0 Vi, j ©9)
‘—t time : inUT(t), fiSUR (t), fiDEF(t) >0 Vi (10)
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Use Fourier coefficients to depict the objective and

constraints in optimization model.

of the water demand.

Water demand
—— Simulated outflow

The simulate outflow will have similar oscillation
) W 8

time




. A network flow model for the

series connection of main pipes
in water resources system

. Fourier Spectrum Analysis of
Hydrological Time Series Data

. Spectrum Optimum Analysis of
Trunks in Water Resources
System

. Case study: data collection and
analysis of pipeline connection
in water resources system
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d. Optimization using network simplex method

(ERH SR T ERRRERES TRERETRR)-

The network simplex method is applied simplex\
method in network flow problem.

Determine the optimal flow network solution
(spanning tree) in network optimization.

The result will exhibit variation over time in

time domain and over frequenc1es in frequency -
domaln Iteration Primal solution Dual solution I

(a) Optimal spanning tree 1
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Case study

Agricultural policy can adjust the agricultural water
demand.

In “Tsengwen-Nanhua Interconnection Pipeline
Project” as known as “Pearl chain” plan in Southern
region water resources system, the connecting
pipeline is constructed between Tsengwen
Reservoir and Nanhua reservolir, aiming to transmit
the surplus water and alleviate the regional water
shortage.

With the existing Nanhua-Gaoping Interconnection
Pipeline, the interconnection system can integrate
the water allocation system of mainly Tainan and
Kaohsiung and enhance the water supply backup
system in the Southern area.
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IScussion

Results and d
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Results and discussion

Agricultural policy, and connectivity of water resources systems

Time and frequency optimization models both can simulate the water
outflow from reservoirs to oscillate in response to water demand. But only
frequency optimization can ensures that the water storage maintains an
appropriate level after a period.

Though not applied in our study, network simplex method in the frequency
perspective can identify the primary frequency components of the
interconnected flow, and thus much reasonable to filter the noise which
could result from climate extreme events.

14



Tool box (python tool)

Water resource Minimize 3 ¥ c;x;

Network " N T
optimization mbjectto 2 xy-Tfui=h imlm
3. Planning X 20, ij=l.m
4. Action B
Al agent Modern E(Rp) = z wiE(R;)
Portfolio ,
Theory Op = ZZ WiW;0i0;ipij
2. Memory P
Web Sraping Key words:

Chiayi, Tainan, Kaohsiung




Planning Memory

Al agent 1:
Water resource Network
optimization

3. Planning

1. Query

. Planning Memory
4. Decision
pmmmmd Al agent

Al agent 2:

eedbac 2. Memory Modern Portfolio Theory

Planning Memory

Al agent 3:
Online search + Web Scraping




https://colab.research.google.com/drive/1HLvWWENKCiXUAk6dmSJRVd41TOFDpBsrw?usp=sharing

Llama3 only

LLM response:

A fascinating topic!

lationship between spectrum network optimization and water resource managemer

isciplinary spproach, combining insights from telecommunications engineering, computer science, and environment Here's a sugsested framework to explore this connection:

1. ®¥Understand the ba:

* Spectrum: The range of electromagnetic frequencies used for wireless communication.

* Network optimization: Techniques to improve the performance, efficiency, and reliability of wireless networks.
* Water resource management: Tk

2. **Identify potential commections¥¥

e planning, development, and management of water resources (e.z., supply, demand, quality) to ensure sustainability.

tems on the same frequency band, which can impact water resource msnagement.

consumption: Wireless networks require energy, which can be generated by water—dependent power plants or contribute to greenhouse gas emissions affecting water cycles.

vironmental monitoring: Wireless sensor networks can monitor water quality and quantity, influenci

g water resource management decisioms.

3 ant literature¥s:
* Search for research papers, articles, and books that discuss the intersection of spectrum network optimization and water resource management
* Review studies on wireless communication systems, such as cellular networks, satellite communications, or IoT devices, and their impact on water resources.
If you have provided a document related to this topic, please share it with me. I' 11 be happy to help you identify specific sections or texts that relate to the comnection between spectrum network optimization and water resource management.

Some potential documents you might have included:

“ by J. M. de la Vega et al. (2020) - This paper dis
iu et al. (2019) - TI

1. “Spectrum Sharing for Wireless Communications:
2. “Water-Resource-Based Optimization

usses various spectrum sharing techniques, including those relevant to water r
study explores the relationship between w: ess network optimization and water resource:

urce management.

less Networks” by Y.

considering factors like energy consumption and en

let me know if these are the documents you re working if I can help you find other relevant text

Plea




tion =

network optimization

the relationship between

used the

me the document name related original| text in

and

the document.

water

Llama3 + RAG

tudy the relationship between spectrum network optimization and water resource management, you can refer to the article “Network Spectrum Optimization of Agricultural Water Resource Management” by Ming-Che Hu et al.

his abstract, it is mentioned that

svaluate the agricultural water resource dispatching capability and the purpose of the study is to evaluate how agricultural water resource management affects water supply stability and drought resistance.”

suggests that the authors aim to investigate how optimizing network spectrum (i.e., frequency allocation) can impact water resource management, specifically in terms of water supply stability and drought resilience.

can further explore this topic by looking into the references provided in the article,

eyszig, E. 2011. Advanced Engineering Mathematics, Tenth Ed, Wiley, London.
ntahen, S., and A. B. Dariane. 2007. Direct search approaches usi

such as:

netic algorithms for optimization of water reservoir operating policies.

Journal of water resources planning and management,

= references may provide insights into the mathematical frameworks and methods used in optimizing network spectrum for agricultural water resource management.

pe this helps!

Abstract

Under climate change, extreme hydrological events have a serious impact on the water supply of
the agricultural water resource system. This study will provide systematic analysis methods and tools to

evaluate the agricultural water resource dispatching capability and the purpose of the study is to evaluate

how agricultural water resource management affects water supply stability and drought resistance.




Modern Portfolio Theory for water
resources management

Economist Harry Markowitz introduced MPT in a 1952 essay, for which he was later
awarded a Nobel Memorial Prize in Economic Sciences.
Modern portfolio theory is a mathematical framework for assembling a portfolio of

assets such that the expected return is maximized for a given level of risk.




Modern Portfolio Theory

« The MPT is a mean-variance theory, and
it compares the expected (mean) return
of a portfolio with the standard deviation
of the same portfolio.

« A portfolio lying on the efficient frontier
represents the combination offering the
best possible expected return for given
risk level.

Expected Return (%)

10 15
Standard Deviation (%)

( Markowitz Model )
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Modern Portfolio Theory for
water resources management

k
min Y () (diag(W} (X, XDW,)) W, (X, X7)W, =
n=1
o
s.t.W,, € R,R is the feasible region Wy Wy Wy Wy W @2
[ ] ®|1Q @ @ D D
Wig Wiy W3z Wa2 Ws D,
| D

A = min(0,X;W,,) Z/R iR /KA IE A
e ANEN

Risk = Z(Z(diag(ATA))>

where A = min(0, XZW,,)
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Questions and comments?

Mmchu@ntu.edu.tw
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AN\ . Lienchiang County

100 200 km

114 n mile/211.13 km away from Taiwan

Y

The 4 counties and 5 islands of Lienchiang
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Water supply challenges on island =

Challenges

Characteristics

Natural Boundaries Uneven precipitation @@

Widely distributed ’ ‘ Challenging terrain
residents for water retention

Multiple water
sources

High OPEX

00O
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O&M Pain points

. Unstable Water Sources

* Unstable traditional water resources due to climate change
* Desalination alone cannot meet demands
* Multiple water sources integrated for operation

@ Asging Infrastructure

» Existing facilities/ system are gradually aging
* Lack of informatized water management facilities
* Key operational data remains analog

@ Human Resource Shortage

e Difficulty in recruiting professional personnel
* Lack of standardized operational experience
e Limited human resources leading to challenges in improving user service
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Digital Transformation: o Prosprey G

The Key to Resolving Water Management Pain Points

leakage Managemen
Automates complex data

. * Real-time monitoring
analySIS * Leakage hotspot identity
Improves operational efficiency * Prioritise loERENRIES ‘
. o Water Supply. Management
Enables real-time monitoring PR 5 Energy Consumption Analy5|

and decision-making * Optimizing water distribution « Monitoring power usage efficiency

* Identifying energy-saving opportunities

Asset Managemen -
Demand Analysis

* Equipment Transportation Management
* Optimizing maintenance schedules * Tracking water u
* Predictive maintenance * Captured

Addresses human resource
constraints

O 000
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Lienchiang’s Smart water journey """

Digitalisation Automation Intelligence

2025 |
® Smart Water
Network

2022 |
-| Performance
2018 Construction * Spatial analysis
2017] System Engineering completion « Dynamic real-time calculatio
T : e Decision support tool
. * Monitoring Equipment
Planning S N/

\4

Installation (reservoir,
WTPs, Networks)
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Project Achievements

* Scope of work
— From raw water end to customer
end.
— Project coverage area: 4 counties
and 5 islands of Lienchiang county
* Key Infrastructure
— 2,006 X Smart meters
— 3,330 X NB-loT

— 111 X Water meters ”
— 71 X Water pressure monitoring \E,)/{‘:? EAE
stations

— 142 X Lightning protection facilities
— 2 X Smart Water Monitoring System
Platform /

‘l]ﬂ’; 7
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Insight — Pipe break detection

Key Location Flow/Water Pressure Anomaly Analysis

Water Towards Safety
Sustainable Environment

2 : . .
L Abnormal flow rate » ﬂ * Confirm pipe break location

Water  Water Water pressure drop phenomenon Repa|r
Pressure Pressure
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Real-time flow monitoring information enables immediate detection of anomaly locations
Effectively shortens response time, location, and repair duration for pipe breaks, reducing impact o
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Kam2 . BE - BRE

Insight — Better Service Quality

Increasing Operational Efficiency Past: 5 hours/person/month spent on paperwork

* Now: 2.5 hours/person/month spent on platform

D e ® o, {

Water. Supply Monltormg Platform
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Insight — Strengthening Water Management Efficiériey ™

Smart water meter + Internal line leak analysis

A E T w595 ROEFT e bR BFT wm TTE ROEFT e AT — 5T
90,000 -
0,000 81,060 Annual water saving: 30,000 to 80,000 tons
’ 78,690 (=12-32 standard Olympic swimming pools) * Conditionals:

70,000 1 Weekly water consumption
60,000 1 increase and continuous
Bp
K 50,000 - 40,050 flow for more than 1 day
T 40,000 - > (24 hours) with unusual
B 32,760 29M

30,000 - > — 21,330 0.05CMD

20,000 1 * Notify users automatically
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Smart network X ESG at Prosperny Chomen

* Environmental
— Smart water metering and leak detection to reduce water waste.
— Optimise pump operations to minimize energy use
— Monitor and reduce energy consumption in water treatment and
distribution.
* Social
— Real-time water quality monitoring to safeguard public health
— Community Engagement by well-design user app
— Fair water pricing structure
* Governance
— Provide open data
— Predictive analytics to anticipate and mitigate water-related risks
— Public private partnetship
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Future Landscape of Smart Network =

@ Optimal Water Supply Mode

* Climate change adjustment
* Water resource management
e User water demand analysis and prediction

@ Hydraulic model-based water distribution digital twins

Asset management
Optimizing maintenance schedules
Predictive maintenance

Identifying energy-saving opportunities
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Outline DBACKGROUND

DQUICK LEAGAGE SCREEN STRATEGY

PRODUCT AND CLOUD MONITOR PLATEFORM

» ACOUSTIC AND VIBRATIOB DIAGNOSIS THEORY

FIELD VERIFICATION
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and Prosperity (xnz:
Water leakage rate is high (13.59%) and increases by 1.56% every year. The annual increase in losses is
327 million NTD.

e Water restrictions reduce the production capacity of the facility by half and result in a daily loss of 3
billion NTD.

e The replacement of old pipelines with new ones is too slow (cycle of 38 years).
e Water resource waste, foundation erosion, collapse, and other public dangers.

=60,000 kms of pipelines
across Taiwan (3 years/tour)

e Pipe pressure : LOW (<1.5kg/cm2) ¢ Inspectors : FEW (87 person)  Mobile probe deployment : High density
e Signal attenuation : FAST (< 5m) e Inspection speed : SLOW (0.5 km/hr) ¢ Al-assisted leak detection speed : HIGH (2 km/hr)
* Current leak monitoring system is e Diagnostic accuracy : POOR (74%) * Al-assisted diagnostic accuracy : Good (>90%)

not suitable




Quick leakage screening strategy o
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Mobile pipe network smart leakage and Cloud Intelligent Deterioration
abnormal sound positioning system Diagnosis Service Platform

LR TR Smart environment noise

recognition module

SRS

Leak location

diagnosis database =
FEREFS (

Uber-Leak SERE 24

Plug-in smart water leakage sensing device

8

Smart

water leakage in
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Intelligent leakage and abnormal
sound positioning system

Sustainable
| Active sensing in the cloud |
B Ultra-low frequency and high sensitivity / ®  Multi-point active sound field

and P!‘(ZL g (knz:
sound transceiver probe degradation diagnostic module

\
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» Development of multi-point pipeline acoustic
and vibration degradation module
& Smart pipe network leakage location < il}/

Transceiver bandwidth : 20Hz ~ 2KHz
Enhanced detection range > 150m

/

ront-end passive sensing_] B Ultra-low power consumption Al computing modu@
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LTE Interface

» Dynamic event Al recognition < 3 sec

> 1000 TOPs/W

» Ultra-low computing power consumption




Smart water leak sound auxiliary  Watermwo s,
identification system

and Prosperity (xuz= =
€ Schematic diagram of Al technology supporting underground
pipe network leak detection

€ ITRI Cloud Diagnosis
€ Traditional inspection Service Platform € Al-assisted positioning

Quick screen leakage range < 10m? Accurately locate leak points

B Sensor module cell :

1. Radio time 3 secs

2. Smart sound leakage diagnosis
3. Ambient noise separation

4. GPS leak location

5. 16bit compression technology
6. Al-10T cloud platform

—- Synchronous analysis of big G transmission

Targeting range data in the cloud Targeting range

H [t is convenient for personnel to carry it to various places

DY AATA COIIE o|.|o DUIA Al 1eaK AeTE o|.|oo.




Handheld smart device operation  Waterw.
interface

and Prosperi @
ESmart device platform interface ]

® Login ® Analyze screen ® Diagnostic screen
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Waterr

Cloud leakage pipe network database -:ive

[ Leakage database interface ]
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T Al diagnosis  Signal spectrum

[ e S8, e ] results
Leak coordinates

‘ < 50% : No leakage

-
MR THRPIE

50~55% : Suspicious leakage

56~69% : Micro-leakage
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New leak detection mode Iz

and Prosperity (xnz=
[ AS IS l

Professionals
Local or remote
Cloud command

|

Al inspection diagnosis
Synchronous multi-person
online diagnosis

Single person
Step by step

® Requires repeated confirmation and = . . ® Requires repeated confirmation and
takes a long time R takes a long time

® Limited personal experience ® Limited personal experience

® No testing evidence, unstable quality ® No testing evidence, unstable quality

® \Wrong excavation rate >26% ® \Wrong excavation rate >26%

® Low maintenance efficiency ® Low maintenance efficiency
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»”  Acoustic and vibration smart diagnosis Yot

Sustaina

theory [1] e

M Passive Noise Leak Detection Diagnosis Local vibration (sound source) model

El
Concept o f,=C —
L . Pipe
Soil | | « K f : Natural frequenc
] % Wall AHeney
C : Boundary factor

SOil M E : Young's coefficient
Leak sound Continuously excites . } | © moment of inertia

source the pipe wall F = MX* + CX + KX

m : Pipeline unit mass

Underground Pipe L : Length of pipeline

Master the characteristic
frequency changes of
pipeline systems

. | EREEEKRAEM

BB EA A

Timely diagnosis of
| SZIFRIR AL E IR ; pipeline corrosion and
o | 7208 AR, (cterioration
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Acoustic and vibration smart diagnhosis Water o serey
theory [2] o
e

~ Water Meter

—1 = —7, =

_— —

B Water leakage signal
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B Non water leakage signal (random event)
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0.0000 0.0000 +
0 o

800 1000 1200

M The signal spectrum is similar and water leakage event.



Acoustic and vibration smart diagnosis Yete oo
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The Smart Leak Sound Assisted Identification Model Establishment Process !u;

Source 1
Mixture

L e

source

. Feature
signal — — extraction
separation

methods Illl |b|||| lll“

* Frequency-domain separation
(phase error) Source 2
* Time-domain separation (this method)

Source 1: Leakage sound

Correlation

o —- analysis

Source 2:Electrical sound

) ’l
. il

. i gi . /\
H

ol L
W 23 485 61 8 9

Separation Classification



Field verification case [1]

Water towa
Sustainable E
and Prosperi

Surface : Pipe network

Point : On-site leak

Excavation verification
and pipe repair

_probe placement

location (m)

.............

PP

0 10 20 30 40 50 € 70 8 90 100 110 120 130 140 150 160 170

confirmation

43miE :

0 1'2 5 4 é 6 7
Frequency (Hz)

B1EERY: 114XE

Y Wy
<) (A
i pegre? \.vil‘n"(h

[EE1%R: 24.77517, 121.04534

B2 E R 220K E
(R 24.77447, 12104617

= o ;
i Corrosion of water valve

5 [ #&= ()

300

IHRENRRESHERKEREE

886
803 754

w9707 7 W

622
525 5o

3 44 0/ 39 319
w42 353

26

Successfully located and repaired pipeline leaks in Zhongxmg Branch, improving the maximum

leakage volume from 886 tons to 26 tons per day.




Field verification case [2] oo

and Prosperity (xuz=
. . Beside the Suspected leak point
@ Large pipe 1100mm non-steel lined overpass

prestressed concrete pipe (PSCP) field  200pip

Fast lane

Date : 2020.08.07

Area : New Taipei City/Shulin District

Pipe Type :

1100mm prestressed concrete pipe without steel lining (PSCP)

200mm ductile iron pipe (DIP) ) . . .
Detection range : 20m? Mark the location of the leakage point and take a signal point every 50

centimeters for leakage point diagnosis.

1100mm PSPC

e N\

Pipeline map information

Perform Al detection !
around leak points

' Mark the location of
suspected leaks




Field verification case [3] Moo

and Prosperity (xaz=-

€ 1100mm PSCP excavation repair Beside the Al

Test results: Al is located the leak point above the overpass *
1100mm PSCP pipe and is offset by 1.0M, so it is ruled
out as a leak in the 200mm DIP pipe.

Suspected

Ie nt

Fast lane

6975%

s w 06213 463 i
- 6313 5128 ‘
510 o3 463
20m % o 6873k 13 3
50 ft #" o BSS%ﬁ 9t P 0l
y 593
w Ew N W =18
% 6775 S04 5% 4, 2% B
s b7si % %, 21 s @
% 673 S03k A e
: 4963 L k I t
) ot edakK location o
% 4> s671E 42 =
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R 213 2% =
6635k 19
8813 . Gf 115
., 75 T, 4§
s5u e e 5% e o i U2k ZK
ak ”
g s 5@2] o o Of
17321 4§{Ezﬁ B B =
% 9" . 3
8 A
10 3 Q’\‘& e
15 464 " 25
: 2 "
1436 - % 8 . "
13 46k
) 4603 o 24 ﬁ.‘uﬁ v&t:
k4 03 264 =
# 456i% 154
f]=7 143 o 2% 2y 19¢
4565 163
50 TQ‘_'A‘K:G_‘ 1
e :
1100mm PSPC - v '™
4503 363 ’./@:e'ﬁ
4485k 403 .@
4deit O oy 16§
200mm DIP o\ U e
e i ) %‘zsiﬁ
42% 2 ot

Locate leakage range Al locates leakage points



Field verification case [4] oo

and Prosperity (xuz=-

€ 1100mm PSCP inspection leak detection case

Detection Date : 2020.08.07

Excavation Date : 2021.11.26

Excavation Result : Abandoned fire hydrant metal valve corroded and leaking
Al marks the suspected leak point within 0.5M of the excavation range

Excavation leakage volume : 76.9CMD ]
Telecommuni

cations pipe

o B

Fire hydrant metal valve Leak point Repair construction
B corocedandicaing status scope




Field verification case [5]

Water Towarc
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@ Assisting Taishui District 9 Management Office in post-earthquake inspection
and diagnosis of water leakage in Hualien (2020/9/18~2020/9/22)
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Field verification case | by
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Smart

Smart Leak Diagnosis

Detection L
Excavation

o BB

¥ Leakage

%
%

.
2

Administrative | Excavation e ITRI Smart
S Classification ! .
District Test Event . ! Diagnosis

Diagnosis

Hsinchu
Miaoli

Others

Al diagnosis accuracy is 15% higher than manual detection

Accurate diagnosis : simultaneous multi-person online Al
interaction

Precise positioning: accuracy <t 1m, saving the cost of Taiwan-wide excavation verification results >95% accuracy.
accidental excavation —




Future applications and expectations

Specific benefits : Leakage Prevention and Monitoring

Water Tow:
Sustainable
and Prosperity (xaz:

B Technology management : Research data analysis shows that many micro-leak signals can still be diagnosed by

the Al system, with continuous database archiving and tracking. In the future, we can further analyze and

predict the pipeline leak time, which will help to arrange repair schedule and save leak detection costs.

B Combination of pipe networks and digital transformation : Underground pipes are not just water pipes. Gas

pipelines and petrochemical pipelines also affect the management of surrounding underground pipe networks.

Big data risk prediction and interconnection reporting will help to make the future more accurate. Diagnose the

situation and even expand the service territory.
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Any corrosion deterioration
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