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Abstract

Taipei Water Department (TWD) supplies water to Taipei City and some
parts of New Taipei City. The total length of water supply network in the area
extends over 6,000 kilometers. Due to factors such as public acceptance and
road construction, the number of water pressure monitoring points is limited, so
it is hard to fully monitor water pressure and flow conditions in the entire area,
resulting in blind spots in water supply adjustments. Hydraulic analysis can
instantly provide data of water pressure and flow of all pipes in a specific time
frame, providing important reference information for water supply allocation
and identification of pipe leakage area and helping to improve the operation and
maintenance efficiency of the pipe network. Therefore, this study hopes to
improve accuracy of water supply and control by upgrading the existing pipeline
numerical value system and building a complete spatial database structure, the
platform of which will be used to build an automated hydraulic analysis model

and completing the smart water network map construction.

This study first introduces the history of hydraulic analysis and collects
several practical application examples at home and abroad to present the breadth
and depth of hydraulic analysis to solve pipe network problem, which may alter

the simplistic “water with pressure” water supply philosophy.

In order to enable the Web GIS system to provide a correct and rapid
automated production of the pipe network hydraulic model file, this study first
established the history of TWD’s basic map to analyze the pipeline equipment
vector file in the geographic information system. In addition, the CAD-based
GIS used in the past was changed to spatial database of Spatial GIS to reconnect
all the gaps in topographic map. Other modifications included relations of
connecting junctions and coordinate re-measurement correction so that the

system can automatically output software files available for hydraulic analysis.



This study uses EPANET and Bentley WaterGems software to simulate
water pressure, flow and water quality changes in the water supply network. In
order to automatically build a hydraulic model, it is necessary first to convert the
spatial database into a file format that the analysis software supports and design
an automated construction process to facilitate the production of a pipe network
hydraulic model that meets the requirements of hydraulic analysis. This way, the
time spent on pre-modeling operation can be greatly reduced. Then the pressure
correction method is used for model correction by the Bentley WaterGems
software according to site-measured water pressure data. Finally, the hydraulic
model demonstration zone of Neihu water supply zone is finalized, and
subsequent related aspect value-added applications will be carried out according

to that hydraulic model.

As to related aspects of value-added applications, this study uses the results
of the hydraulic model of the Neihu demonstration zone that are consistent with
completed site water pressure corrections to perform different scenario analysis
applications to carry out the following analysis: pipe network load capacity and
possible water supply bottlenecks (analysis based on existing water supply
statistics: maximum time, maximum day, the average day, and the minimum
time, etc.); load capacity of the pipe network in 5 and 20 years; the impact area
after the water supply main pipe stops supply; water age analysis and pollution
spread prediction, etc. In addition, the system’s automatically produced pipe
network hydraulic model was applied to the planning and design of Sanchong
water supply zone’s second pump station. Moreover, scenario analysis on three
possible developments after the second pump station is added was conducted:
shutting down the first Sanchong pump station for maintenance; joint operation
by two Sanchong pump stations; two pump stations upgrading water supply
service in the future in case of extra capacity. The results of the analysis will

help decide the pump models used in the station and number of pumps needed in



the station.

To make the construction of the hydraulic model more well-rounded and to
understand the related application of hydraulic analysis by Taiwan Water
Corporation (TWC), the research team went to the TWD for field study. During
the visit, it was understood that TWC was working on NRW reduction-related
operations. Its construction process of hydraulic model was roughly the same as
that by the research team. Still, there is worthy information obtained for TWD to
upgrade its development process. TWC’s self-developed WADA system already
has a smart water network management solution. Its independent R&D spirit and
mode of building work teams can be used as reference for TWD in its future
integration of WISE platform into dynamic analysis of hydraulic model of the
pipe network and the building of big data analysis operation teams. The
establishment of a collaborative platform and visualization of statistical data will
help TWD officials on controlling the latest information of pipe network

hydraulic model, scenario prediction and support of decision-making.

Finally, six newly added application module were suggested on relevant
planning directions formulated for system expansion: monitoring center instant
dynamic hydraulic analysis model, planned or accidental construction-related
water outage impact range, feasibility assessment for small area closure, location
analysis of accidental leak for unknown reasons, pipeline damage risk analysis,
and water supply facility planning and design. It is expected hydraulic analysis
becomes a good tool for management or even indispensable for the renovation
of facilities. Also, the development of diversified management system
automation module can help achieve the goal of intelligent management of

water pipe networks.
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Frew o b gop e g ArDHIE 8 oMIKE URBANZE # > 3417 % PFECK
Tapy kR A7 2 5Try &Errort? 3] 526 % CPe > F BEF i 7 Bk, =-4.0( X
=mg/m?/day) o b #F > & pRde = }E%;{ T ky s F 5 F R (Zero-order reaction) (4
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0.4mg/Lz 2 - dF T dp 1= &7 2% (THMs) 2 &3 & @3 E k3
F AR D E RPN THMER M £ 5 UGG g WEbf 3 £8
FLER R P THMAE e E 9 50 ¥ }\ﬂ: i‘éﬁt,‘ 5o B KR
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parameter  unit applied value remarks

Olwater [100 m2s1] 0130 tor still water at 20 °C

Awatet (WK 0.6 tor still water at 20 “C

Apepe, PVC (WK 0.16 PVC

Apipe. AC (WK1 0.43 AC

Apepe. €1 [WmK1) 89 Cement lined C1

A |-] 0.1

P 7

Hept [1/s] 1.0-109 I'his means a growth from 1 to 1000 i 48 hours
Average from several literature sources,

Tim] [°C]) 0 choice tor virtual microorganism

Topt [°C 15

T i1t [°C] 5 choice tor virtual microorganism

| Y [ ! l 25

Tim1t [°C]) 10 choice tor virtual microorganism

| [°C] 50

Toutes amit [°C] 25

T wuiher [°C]) 10 initial value

X [1/cm?*] = [1/ml] 1 initial value
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s A OREY E A $0 0.04~0.17ppmentk F VB > R E Eok
Bp R4 € (Bulk Decay)» & ik » 4 s> BHE AR5
Wall Decay4= 45 4 % -

2 ARASHELFFRICT L UBRHEH L b

ko PPE R FRE A - RS BRGSO E Il ]
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EPANETi? £ & X » bldedh g ~Z &7 - fe BB EFF > 2 #
e Rt B8 (A4 178 k2P 1R 3piy
FHeed BAeenl 0 p 3 FFE 0 o (8 kK F Rk % B 3% EPANET-MSX
( Multi-Species eXtension ) » #3121 fE45 B AR T o

x4 5 TR, (bulk)~" g & (wall) » 48 (4r®I34) # 9 -k
BEbulken % 37 * 3%k 2 BF GV EY B 2 H p KK E2R
2RAZ 5% » @ ¥ BEwalleh% 2 R4 FEXPBIO= 425¢ » i #* »v 5 pARIRE
g e BRI FEE RBERMEHLE 7 E (system) > W FHREH
FReTiE plabulk > A s 7 plwallenij 4= & > gt pe 4 * EXPBIOZ it jf > B~
Sl A BLE FETERA 0 A7 FIERSL HGE% (0R35-36)
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THERERF B

Yok EE ko B R EEER S

£3 MR - fHamer Al

B (Scenario) & {7t > Gl4rE T8

AR R o
SFphnE - BEES LT ERE rRERPERE
fegk A A T Rk o RSE B2 AR et CPE

K %

HiFLr

T A
’E'j_%’.?»,&r‘ - =
(4e3)-

Model! Equation No.

Chiorine decay (total) ~dCo/dt = Ry*Ru = Ryt{4/D)re 1
Chiorine bulk decay

Two reactant (2R) ~dCo/dt=kyxCxCotky*CyxCoy 2

~dCot=kxCrxCos 3

-dCo/dt=ksxCy»Car 4

- augmented (2RA) kr=kaovexp[=E /R«(20-TV(273+20)/(273+T)] 5
Chiorine wall decay

EXPBIO rw=Axexp(-8xCe)x Col 1+Axaxp(-BxCoi)ke) 6

THM formation dC nw/di=y*dCos/at 7

All equations have been written so that variables and

coefficients have non-negative values coefficients [L/mgClh);
Ca s the bulk chiorine concentration [mg/L)
Ry is the chiorine bulk decay rate [mg/L/h]

R is the chiorine wall decay rate [mg/L/h] Canstent pCmOl:

r« [mg/dm2/h] is the apparent wall-surface decay rate

k1 is the value of kror k, at T°C

K« I8 the mass transfer coefficient [dm/h];

[mg/dm2/h) and A is an amplification factor [dm/] and

D [dm] is pipe diameter;

biofil owth;
Crand C, are respectively the fast- and slow-reactant it )

concentrations [mgCl-equivil] and

Criw I8 the bulk THM concentration [mg/L] and
y is the yleld of THMs [mgTHM/mgCI reacted)

ks and k; are the corresponding second-order decay-rate

E is the activation energy [J/mol] and R the universal gas

8 is the rate-coefficient [L/mg) for the effect of chiorine on

T
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2.2.4 DIPfe-k g -Kik p A3 I B PATA 7

AR R R P BRARB e R B R RS R R Sl TR
FRORIECA > BHRA NP PO A SR Lk R kAR
A AT R IR R F CKR AR 2Tt sk 48 % %5 (Fusion Bonded Epoxy, FBE ) ~
302024# 25 FE* o

AR s TOfERE P ARl g > AGET R FiE ko KRB
ek dg g 5 (F R thlK) 112 ik T g ({0 kRC) &3 R ER
SRR DR IEEA P AL b PR P R (GERIST) o R 4ifE S < 2014
7o BT N ARebdg chF B 5 — 5 F Js(First Order Reaction) » 4% & $1 gLz 4L
F=K o BEE/E F=CpL o K 0% i3 FIMTDS % 5 kg £ R4 % - X
BA RFP L RCRRE R ARE B o R B B A R RR S ehAgE 2 5N 24
EEAEFEORFERR  FEIELN6F o 2ED e fr o B E D4R
MEARRGPMLICE o 042109302 b o HaF b bRk RSl T 3
EPANET e £ ~ K2 CL v 4 B ~ $Hen okt £ s % dic, Bulk
Coefficientz " 4&'Tk & , Limiting Concentration - EPANET & K& - -
Biky ¥ — B 5k o k2 BEURMEFE R EDFE B> i * 305 K
o EER R F R 0 Tt B A RSk iR 6 0K 3 3§ EPANET sk,
i~ 13 (FI38) -
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A11INPH AP ZRERXAFZFTHM &

INPAE % 5454 A 554 M7 B 1 12 T4 R F 8 Has (R
%)ﬂ*ﬁ%ﬁﬁﬁ%T’ﬁﬁﬁﬁ@%ﬁﬁﬁyﬁﬁiaﬁ;ﬁﬁgﬁ
SRR RERAIE R ARAY Ak (TS R T AP M ST Rk
A 78R e EAEARALEET FORERAD > Wl A
S PEEHEPF R R S R AR aERA A D S # RARRR LT
SRR ERAEEPN F 2 A I RE (rk14)-

| A AR AT S RS (O] 34 inp - SRES A [F=m|Eom|Escs)
WRE sy B0 IR0 WA

[TITLE] 3
D et 2019#4!2? 1:18:56

[JUNCTIONS ]

;1D Elevw Demand Pattern

57786-B 5 0

5T786-4 5 0

57780-B 5.20912469393119 a

57780-4 5.20912469393119 0

10770 6.218 1.04949421296296

10729 6.218 1.04949421296296

11712 7.58399999 0

11713 T_562 0

124582 943699999 0

12231 9.43609399 0

12150 §.31199999 0

11486 &.31 0

11439 9.14199999 0

11440 a_193 0

11509 £.91799999 0

11510 g.907 0

14233 a.798 0

11770 9_80499999 0

12901 9,897 0.616660008912037 H

12814 10.33 1.32101215277778 ; @
<

Bl 80 7= = (T4 = % & b F]

% 14 INP f % B4~ 4 4 22

B Y 43 EIREE A | F e BIARR

[TITLE] [CURVES] [QUALITY] | [OPTIONS] |[COORDINATES]
[JUCTIONS] | [PATTERNS] | [REACTIONS] [TIMES] [VERTICES]
[RESERVOIRS] | [ENERGY] [SOURCE] [REPORT] [LABELS]
[TANKS] [STATUS] [MIXING] [BACKDROP]
[PIPES] [CONTROLS] [TAGS]
[PUMPS] [RELES]
[VALVES] [DEMANDS]

[EMITTERS]

=R BEEREA 2 INPR gl AR kR 2

“”fﬁnz*%hfj’m¢%%?%“ﬁ?% LRI R E R
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B 4o 2
1. [TITLE] : * '/:}'Eﬁsi? il g E R o

2. [JUNCTIONS] : % & & % ¢ el 5 & 8 o

w

.[RESERVOIRS] : @ # ¥ 4 ¥ ek /e B sp & 8L o

N

[TANKS] © % % # ¥ ahfe-ks ks &2 o

5. [PIPES] : % % % 4% chdf fo o 4ok B ~ 5 /5~ mpE g E R 304F
2GS

6. [PUMPS] : =& § ¢ drk & (ki) 8-

\l

[VALVES] : %% & 4 ¢ szl /™ -

oo

[EMITTERS] : #-& 8.3 % 2 s 23t 0 o

(o]

. [CURVES]: % & #icdp o > 4ok R Az in & sk B8 FE -
10. [PATTERNS] @ % & ¥R #0700 & - PREC S8 3 i dic

11. [ENERGY] : @& k&= it £ fod & ehfde o

12. [STATUS] : & # B civie btk i BECS B BP o

13. [CONTROLS]: % & f§ ¥ chfdl > ¥ 1995 f§ H 5 2 3 e g B4 o
14. [RULES] @ % & 7 F enfy 1 20R] > & - A5 - k5enig & o
15. [DEMANDS] @ @& & Ben g -KH050 o

16. [QUALITY] : = & & ghefdr 4 KT o

17.[REACTIONS] : = & ¢ % ¢ i* & & (> ek iy S8 o

18. [SOURCES] : €& -k Fihmegniz % o

19. [MIXING] : £24]-k 4 euf & 555 o
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20. [OPTIONS] : %% # I crficftof B o 4ok £ 8 2~ K EEF 2 258

FokEREE
21. [TIMES] @ = & B & A s B Sdik o
22. [REPORT] : # it fidn 2 % mﬁig?] MARAPN T o
23. [COORDINATES] : # & ZEpr~ fd 43 Bl A -
24. [VERTICES] : #5 it 24 % R ehd £z 37503 4 -
25.[LABELS] : & 3 AR @ BE& > 7R a8 ¢ o
26. [BACKDROP] : {577 ¥ 4+ B4 B B f 2 <« o
27. [TAGS] : #AR 7 2 & ghet § BApsd o

A wINPHR R & 5345 8B 1A A5 d Web GISE /8 2 F T @8

Bk p R R AT
1. JUNCTIONS (& g:):
(1) Elev (%4 ): 2 ¥d DTMBE I & 2.5 4% ©
(2) Demand (F k& ):d kg FHREHE > -5 3N FET )&

2. RESERVOIRS (4 /B k) it Head (£ 4%) B % 324 DTM B
FTEEEF AR o o

3. TANKS (fpe-kis ): fgt2 Elevation (% 42) E+F 2 #&d DTM B
§BLF AT T r ok F R AeAR ok B B MR 2 B K

o

4. PIPES (ﬁ%ljﬁaf}i%’ )
(1) Length (g & ):d gaB P rE g & o
(2) Diameter(¢ /%) @ d ¥ ® 7 FFHRBEF » o
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(3) Roughness(se #& 2 #ic) @ o »v-K 32 4 47 F_ix fe Hazen-Williams
formula ®5 Ad# > H 288 HEH C B8 ¢ AT A2
15 Ap R B E 3 o Pl4e™

A BB T 2 ATEE Y 2 kG lics 1300 @ % 5 20 £ 2 4%
g ek iiics 95530 £ 2 4P ks 825>
% 1 ED 20 F2 548 ek (i fior 130 &7 9552 (7 45
35 520 7] 30 & B enfekirlicy 95 &7 825 &7 FRit

B30 & AR E 2 ek licy B 825

B. #% ¥ i Zadtabl o fekkiEcy 5 150 -

C.ipt g - aadan iy s 130

D.dxg @ &% TAvsnddnd ) 2 feddfhdc ¥ 5 110

E. H4p et hfcy 5 100 -

215 FRCELZAFFRES HEEE D

di | AREHE | cwrE | mECE | BAFEEFH
1 R N/A 130 PCCP ~ PSCP
<5 130
>=5 ~<10 120
2 o >=10 ~ <20 110 CIP « DIP ~ MJP
>=20 ~ <30 90~100
>=30 75-90
3 | AR N/A 120 N/A
4 LY N/A 110 N/A
. GIP - SP - SSP ~ STP -
5 RTEN RN B N/A 110 SUS
6 EEE N/A 100 N/A
7 R N/A 140 N/A
ABS - HDPE - HIP - PB -
v
8 I9F NIA 150 PP « PVC - PVCP
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5. VALVES () : Diameter (3 /c) 8 W5 BBEFHRT » oz
6. COORDINATES (1) : 35§% & JUNCTIONS s & -
7. VERTICES (fijfie-k % B /Zifh) * d F 805 B FA RIS ~ o

8. LABELS (~ Fixze):d &~ E4rgh sc Rk ks 7 AT
ﬁ%»;&»‘gﬁgfuo

4.1.2% -k BHA FTHIFAILALA
1.3 g3 AIR (v % R pl

FERBIFTIFRGEFTE MR P RAFZEFFTHREY > B
podokERBA Y A S mp-k g (75Smme i) 2 ek (75mme s
) R 0 A RRIZA4TE Y T MMt b 2 AGE T AT 0 RA A
W2HMBET A B Y TOMMMU T eheh g M Tl FP LR e EF LY
e E (H8L) > WY FJ ME 575mMmuL F chg 50 % SE S 75mmyY
TR A B R AR AR g RS TRk T A

1 1
el I =]
. 7 A ® .

© ©
© ©
4. .5 L 5 S EUPEE B 4 5 H ®

© - ° a2 o © - L 4 @ @.. D
= ‘ .E
2. @8 2. [ X

8L F 4 itr LW

BRI AR B2UT T o FIU R ek F A ek R
Rt o A et B e g %@ﬁ;ﬁg«wkgggggﬂﬁn@s RIVE

%t 1 g enJUNCTIONS( & 2k ) 2 BI8LE # - 4238 § #-/c & S ELA3 B4
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o 4 8y AR , FEEATRE
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R SR (80K %)

Bl 82 ¢ ®iZ ¥ iAo &R

2.8 4 T BB AT P
PRAAZFFTHERRG S ERCREF TR ARA[RFTE A
frig* o FlEl g $HATHF AR I Z
Pl 2 R FIREFTRE v 0 AR PR ILFR L RE TR A
Blp o Fle 2 B kARt 2 FRAE A F GRS B PR
BREABIRBI T RP ALY R EFRAREZFFTHREL § 283 F
FEP > T ET FAEXGZEFHREZDIMF R > #INPH P 5 B F

N

—

BRI EP TR AR AETRAEL G o FREATHRELF
A? o fBN AR FEARY o F AR M F S AT mm T (BokE )
B p e g ST R A o ek TR A BFAIY Sk
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Fakagany Bin g o 3 F £ oT5mms ek f AU o F R TR
B i g 2 75mmey T SR R B RJE (TR AR I8 4T o

FAE IR
zz .
H "TRTNP@A HIEEAUE p| insert JEnetwork ]~ p| EARTEAE AR F R R
= TRINP_A PIPE DN
TRINP_A PIPE DN — TRINP_NODEDEFINE 1
(BFEs £ £ %)
v
& 2] S NET=15 X 5 & A TRINP_ NODECONN
£ 3 ENET-15% X 69 e e vy e e o (R -AF WM A
g 3 2K BB RREEMER L p
B A A dn i B LB B R T  PIPECONN
4 (R E-1F B2 %)
2E -~ B RE A
2e0 TRINP_PIPEDNCONN W
g A R AR
insert network /)~ & » T TR I Y ChE-h & M%)
TRINP_A_PIPE_UP
- = TRINP_PIPE7SUPMETER W
R 4 (AR 15 &)
for
ChE-E HAH

B 4F 8 R

sEREME L

83§ 40T TR AL AT AR A )

AR S ESSSEERE R =N SEEE FE
AL 3 41 T R84 <

F_VALVE
FK1 > FK |l)u.1l-.(||n -+ —
l | TRINP_PIPEDNCONN
TRINP_NODEDEFINE PK 1
PK 1D F_IIYDRANT FK2 pipeldl
- FK2 |
T FK2 > K |rnm-< 11D | pipeld2
FKLFK2,I1 | objectld | medeType
X | FK1,FK3 | nodeld
Y
z
BT FK3
y + TRINP_A_PIPE_DN B
PRI | OBJECTID [
CALIBER d
LENGTH
i Shape
FK2 FK3 GDB_GEOMATTR_DATA FKI
TRINP_NODECONN F'y TRINP_PIPECONN
PK i8] PK 1D
FK2 "‘“’“‘d; FK1 TRINP_A_PIPE_UP | FK2 | bPipeld
FK3 | nodeld - < e | FK1 | sPipela
FK1 | pipeld v |omiEcTin 2
CALIBER
LENGTH
SILAPE -
GDB_GEOMATTR_DATA [
STUFF
DATE FKI
TRINP_PIPEMETER I B EBELINLE
= ROUGHNESS TRINP_PIPE7TSUPMETER
PK |ID "
FKI1 L 1
FKI | pipeld or | o
FK2 | meterld s FKI | pipeld
F_WATER_METER |4 |
FK2 o PELII Ig!ﬂ;rg"“p
>

I
® 84 -k3Z 477 ER-DIAGRAM

=

LE BT HE? & FHRA ChRLeT
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(1) & 2% % % (TRINP_NODEDEFINE ): zed & & ghfk ~ 720 p 7 (£

16) -

7 16 @Bt & %

FREY Y L

FHEEY L

TRINP_NODEDEFI

DBO01 a 8L & & NE
w5 | BE | Bt A u) % ) 1 g Fm N g
NOT s
1 NULL ID INTEGER 7R S B PK
R @ VALVE > & :
2 NAME NVARCHAR(10) | X # ## | HYDRANT » % % iz
FK
NOT JU VALVE(OBJIECTID
3 NULL OBJECTID | NVARCHAR(10) | % # S%. )/HYDRANT(OBJIE
CTID)
4 X FLOAT a2k X
5 Y FLOAT a8y
6 z FLOAT BLix B A2

(2) ﬁia?]ﬁra}\? o205 % ( TRINP_NODECONN ) :

BRBMATR (4 17)-

%17 fpek g S BRH A

ek § A

FALR B

FHA P 2

3

FREE ¢

i

TRINP_NODECO

DBO2 TR R G E R DYNN
%
o | B | wees 218+ | i i 3
NOT L PK
1| o ID INTEGER K
NOT . FK
2 | wo | NopEID: INTEGER $8.4% | TRACE NODED
EFINE(ID)
NOT . FK
3 | W3 | NODEID2 INTEGER #8345 | TRACE NODED
EFINE(ID)
NOT . FK
4 PIPEID NVARCHAR(10) | %4 OBJ |PIPE_75up(OBJI
NULL ECTID)
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(3) Wye-k ¥ 2ok g M4 ( TRINP_PIPECONN ) : Fedrm ek
Sk EREM AT (% 18)-

218 pk R EM GA (CEHTE)

P TR ¢ LA SR E AL
Sk S g1 kS Bl A4
DB03 Bk gk g BBE 1o P PIPECONN
(~ g4 3F)
W B | BEif AT | BEwRp Hinp
NOT .
1| NULL ID INTEGER Sk | PK
NOT FK
2 BPIPEID INTEGER < & OBJ | PIPE_75UP(OBJIE
NULL
CTID)
NOT FK
3 SPIPEID INTEGER | % OBJ | PIPE_75DN(OBJIE
NULL CTID)

(4) %-kgsH 2% (TRINP_PIPEDNCONN) : & 4%

ST (£ 19)-

ok E ok

TR S5

FHES 2 Lff

FHEE: L4

TRINP_PIPEDNCON

DB04 SokERM AR CLFlE) N
e | B [y 3w % ) i Hmp 7
NOT s
1| GOl ID INTEGER ke | PK
NOT FK
2 PIPEIDI | NVARCHAR(10) | - ¥ OBJ |PIPE_75DN(OBJIEC
NULL
TID)
NOT FK
3 PIPEID2 | NVARCHAR(10) | /|- % OBJ | PIPE_75DN(OBJIEC
NULL s
BRRAM | W VALVE
4 NODETYPE | NVARCHAR(10) s &+ HYDRANT
FK
" VALVE(OBJIECTID
5 NODEID | NVARCHAR(10) | 3t it OBJ | i foith oo e
CTID)
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(5) #jpie-k # 2ok % M 4 & (TRINP_PIPETSUPMETER) © j& 4 fie -k

FHREOKAM AT (£ 20)

220 Bk F kA M GE (2 FHE)

PR St FRAR 2 LH FRAEY i
Bk E AN G TRINP_PIPE75UPMETE
DBOS IR 1 R
(~EH4) R
Wi | B [ W e | AL | e Hinp %
NOT .
1| NULL ID INTEGER inokshE | PK
NOT . FK
2 | nuLL | PIPEID | NVARCHARQO) | =% OBJ | pipe 75up(0BIIECTID)
NOT R FK WATER_METER
3 | NULL | METERID | NVARCHAR(10) | # OBJ | omyecrip)
(6) -k £k % M th 4 (TRINP_PIPEMETER): o4 -k 4 -k
%\' Fﬁg 1/1/? ,?K—:\?% ( %\ 21) °
FALR S5 FAAS 2 L4 FA AR B
YL e
DBO06 Fkp e M Ff‘ E TRINP_PIPEMETER
C-EED
W | BE | Bt A u] % ) 1§ e L}
NOT L
1| NULL ID INTEGER ok e | PK
NOT FK
2 | nuLL | PIPEID | NVARCHAR(IO) | % OBJ | pioe 75pN(0BJIECTID)
NOT R FK WATER_METER
3 | NULL |METERID | NVARCHAR(0) | #OBJ | (pjiecriny

URERE EN R

R F R KEHAL KT

—

B4

(TRINP_A PIPE_DN): €47 R &-kF Mz FFER (£ 22)-
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* 22 R

KFZE TR Rk

BokE oA

TR S FREA? 2 LA FTRAES L
DRO? REREZEFFTHEHREE #KZ | TRINP_A PIPE_
BRIk g T 4 DN
Wil | B iz & f RN 1 P Fwp
1 OBJECTID INT 5
2 CALIBER INT BT
3 LENGTH NUMERIC(38, 8) ? *
4 SHAPE GEOMETRY B
GDB_GEOMATTR
5 “DATA VARBINARY (MAX)

8 Rm#fp k¥R TR BT S FEEIL kG TR
(TRINP_A PIPE_DN): & #7% Tii’_ﬁ'ﬁea]ﬁo’l\’gﬁq_ﬁ“p W T b
ek adle (£ 23) -

%23 Rfpeck B FAE R SRR Aok F T A
TR gl fﬁi%\“ ~ L FTHRAES L
},—,‘ A a ;A S g f: )
DBO8 ”i""lﬁ J‘? FETEHER* | IRiNp_A_PIPE_ UP
ELLRA J\ ?‘ ok A
%y | B WA g "v'J =) T P Rmp

1 OBJECTID int S B

2 CALIBER int BT

3 LENGTH numeric(38, 8) ¥ £

4 SHAPE geometry E N

5 GDB_GEOMAT | varbinary(MAX)

TR_DATA

6 STUFF nvarchar(50) B

7 DATE datetime EE R

8 ORIOBJID int R e S B

9 ROUGHNESS numeric(38, 8) Fe ok % e
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413 Web GIS® 4 ¥ ®#-2H %

% e~ Web GIS % 46l 7 S i A 1 HCe ¥ 2 RIEER = s i
TRATFE R AFLBUABELRS T (FFEF) 5 PF
HE T4 B 40T @

Loiegp hie k@RS FEUPRS L EE T 18 2503

-

PR Ao 85 A HE R TS 0B kA R R -

o & 3= BH
Y Q € 92 & ~# 0 B 9 B & /&5 N
Ve o743 = - £121.5165,105.1361
°
r
+
nEE +
-t +
s +
= + (<
2338
1

U/
B85 P ok A T f ] )
2EBFRE R FVRE G RYPOARS ) BB R R BB
BREFN AR EREFARS - @ F AT I EREFER AR
R RN TR RRA TR

B psaikir FrERGEL L REAR ) FBLFRE L SRR
% ¥ & Web GIS % stz chis > j #od -k TR STk R
AR BAT- W) & TRA r R FAR o 3T

(1) F&* H 5 B p bz E'J"‘l‘ﬁfkﬁéié&iw%iﬁﬁvki ) A5
E Ak E T @Rk o DRGSR N

B\
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ook B i M e KR A o -

| tracet#R:A |

B 86 ¢ &2k B ErAFT L H

(2 & * XFFEEHF RER > A KRR BT A A2 g
PEATE kA B L BEER E GREYE > o] 87 S 0 XMk A 4 R
FIBEARE AT ek g B AL o

B 87 # 4 & 8ok B EEYA ot L B
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B) g2 132 2 avRAmfeis » KA RERHLFT]L Tﬁﬁ]ﬁa
714’3??’%%ﬁﬁafk’ﬁﬁj‘j‘:/}i—ﬁﬂl)ﬁa-ﬂ%;\l,j@_,kii,y_:u)} q»@l
ek ¥ A 2 &2 (JUNCTION) » s &k 8 4 fie o

Ny
—t

]
o

e RIEHEE 0 kMg B NRGpER Y F T 2
TR P RN F Rk INP % o 0 BT T
PESRE R L e B ook BREASTR
Blis o Qg FAS AAN (FI88) RER T Kt
XA B B89 Tid Web GIS #rg i p id ok A % d 4 |
EPANET #5 2 % -k 2474 -

e A
T
Gy ¥

G

~N|

U
;¥
A \\\ﬁr
¢ R
v 3

LA

1| statinn et - FLEAR [SIEEs
MR  ARRRE MRy WRmon  wesen
[RESERVOIRS ]
1D = FEEERITE Cmm ) B zfoitl E R n3 ) ?El?km'é?zif HEFEIRTE e CHD O
R-113 I 150 100 1OHF +2 30 1050
E-114 S [ 5 S A EEen 150 520 30HP *2 82 1200
Ells Bl Eg"f’ﬁ i%0 00 i 15" 250
E-116 Bt L 3 215 5 2 55 2

E-117 gfjji u... %l_']n 500 FS5HP*3 37_5‘ A0GO =
E- iz e 380 1557 20ibea 3% 2000

R-o121 sE:iéEtlnElEs!&w 250 500 T00HP *2 62 7000

B- 122 § o} 100 35 SHP *2 35 425

E-122 %CE%%% = 200 0 ZOHP*3 40 2000

RE-124 T 5L ke 75 =0 10HP *2 35 Q00

R-125 T SR bk T R snt 150 140 30HP*2 65 1600
E-126 RELLIEE 100 100 10HP *2 a5 700

E-127 [ = %n i) 400 o FSHP*2 a0 10000
E-128 TSN M T s 300 1000 FSHP*2 30 10000
E-129 A ?U i &00 20000 GO0HP *2 a5 62500
R-130 FE LR 1200 20000 FOOHF *3 45 72000
[ TANK ]
;_{_DM,’ %jﬁlg " ;E‘f“'(mﬁ) %ﬂ(nﬁ) JIJQQZJ:BEQ lz]J\éfZT‘BE %,;it,’l.%?ﬁﬁ

T 343 R |u&&%§7fﬁ%ﬂ*) 40.7 100 2’ 05 11,38

T-344 o (15 fcfe 7204 145 2 0.35 224,08

[ —— [ S0 2. s 212

T-348 — 3 . . .

T.347 e m&k%j i aB 150 58 a5 49 86 1

B 88 iy kA &4 R Foks AAF
Moo -t m

D= E & mxn 5»1:»_@@- A ifmb @ IR O — T

- NetworkcMap

@ X o

P R

B89 p ik kA %AW (7 Bom iR4t)
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41AR Pk A ¥ F BRI E 2

BERAFLEd LS BN PFRE
e g RGP A RE(FRE ) p kokd g
£gd i P AR (fok? ) SR BRERBIE LD KFERP
HA e L H EAE REA|Y 22« § kR (Reservoir & Tank ) s %
AATRE o Bl E

s #

A

kkﬁ@%kiﬁ%*,g

KRR B RGP R ERURE > B F
SPA R o STILESEEE RN P S A R P R 2 R 2 &
S f ] ) b Rk S S kit 2 OROERGE Y B 0 F o]

Rk kP RIN TG S BnE kB R R

’U\ﬁD’J\/"’ 15*. J\«:U ,\—- B
L

2. & al,
e A Z KR E TS < R Ae R TR E LS R
PP AT 0 YT A T R R BT IR b SRR b
$ o %’EE’ Web GIS )z kv 1 P KA & ’E? R IEHECA INP R % ¢

%18 EPANET #rdfie (7284 & ®H2 e 1 iF > 24 i+

Wog g v }\r—t’l
X 5 A4 5 ging
A A
Lalgl 2Bk (ferke ) 3%

d %/\1“"]"1‘ RN A S R R (ﬁ""}\f" ) % ’? fere JpL 2

FARAT B R AR ERFER
B RIr e F o & & EPANET $4d
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bt LifoX RAc B G RPERS Rtk kiR SR B
g - fie-ks 12 Reservoir (4e/Bxb) A1 0 Tt R F A INP R P e
Tank (fe-ki ) #1% > 2 5% 8 Pump (R R /MHb-kg8) P~ 7 o @ Pump &
& SRR LS R AFEd R s F ot Curve SET Y B fo RS2 R AR

mEGRE o A Pump gl ¢~ $Hkh Curve LA (B 91D

-
T
Curve Editor oS s srowser [ it =)
CurvelD Desciiption Data |map | | Property Value 1
] [ Cuves - “Pumnp ID 174 B
Curve Type Equation 5 *Start Node 167
[PumMP | [Head - 60.00-2. 834E-003(Flow] "2 00 *<R
*End Node 17893
Flow Head 604 Description
72000 45 50 =
E 2
§ 20 Pump Curve FALl|
20
@ w X Power
: _ _ Speed
[) 50,000 100,000
= Flow (CMD) Pattern
Initial Status Open
Load. save. | ok | Concel | Heb | Effic. Curve
Energy Price
Price Pattemn ¥
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Defaults )]
ID Labels | Properties Huydraulics l
[ Option Default Value I
Relative Viscosity 1 -
Maximum Trals 40
Accuracy 0.001
If Unbalanced Continue
Default Pattern 1
Demand Multiplier [r_z‘ij—
Emitter Exponent 0.5
Status Report No
CHECKFREQ —
I Save as defaults for all new projects
oK | Cancel | Help |
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AT RS 0 EPANET 7 #2458 % B L 3 47 2 1554 % (RPT) -
FhEMF e Z@BDT KT R~ RBSRFAITESE 2 FRTE
REEAR A fokc Bk (B 95) -

Node Demand Head Pressure Quality
1D CHD i n

17917 37.90 24.21 13.51 0.00
17977 0.00 24.21 13.49 0.00
17914 22.85 24.20 16.09 0.00
14564-1 22.85 24.22 16.07 0.00
19761 0.00 24.20 16.03 0.00
17939 2.61 24.20 16.06 0.00
19760 0.00 24.23 15.76 0.00
Link Flow VelocitylUnit Headloss Status
ID CMD n/s n/ km
TPU63010012792 89.45 0.06 0.06 Open
TPU63010018569 784 .66 0.29 0.80 Open
TPU62010018556 0.00 0.00 0.00 Open
TPUS20100185320 0.00 0.00 0.00 Open
WPII63010018508 27.44 0.02 0.01 Open
TPUS2010018456 -925.55 0.09 0.03 Open
TPU62010012209 160.63 0.06 0.06 Open

B 95 s LA 7o &

4.2 kEHEA R

R RBREPIGEGLEHD EMEAUP P kA % F RRZE
@f«?ﬁg‘gppj;gﬁi‘jt‘]Cfﬁﬁiﬂ » RCE N % 2 Web GIS & siigd £ 15k #icw i
BE ko BECHE DD - it F A A 7T R A B 4o ABTF RIK
B R R R RCR Y TR RS TR LT Rt o

421 BFEERIRBRITE

PRI R R REA L Rk RERIEG ETHAE R
T o AP ERI20B B TR A RRERTE > S 1044 o
&% E12B e kR (1 % LoLogd50#k ik R4 R ) B P B2k 2
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422 Bt &%

A Rk AT 4% Bentely WaterGEMS it 48 ph 22 2_ 07 &
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B BRI REIE A AT o R FHERE FARTNF E R Rk E o

Bk RRE R P L b RN AL X e Ao BREE A B SUARRS
K& ii#’;ﬁﬁnﬁﬂ’ﬁ AP 02 ek R BT o BEARIRH KR E RIS Pt 12 8
(10 &) 2Rl Am xSRI EEWME R RFRET > TRy
* AR R T 2R 120 B RORR o Ftiidpda s~ K A R T IY
TR PE L IRRERHEN > IR E 2 PR B ST 104
¢ 3 Stz B RE AR 88 RERRT 8 B 120 2
BERIET L T &y o

d SRR E R F R %‘E‘_‘C B2 k2 FA2 o FokEEAAS
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>~ E O

TORBRERPEPN > XE IR PR I XERET b R

T

B RIEHCA Rl o BRI Y R A RN e o gk H o
KBREBHFEERGVRBER TP od T 24 S5 REET @ AflH
WaterGEMS it 73] % » 120 gh-k R £ pl2k@ 4 35 2B £ % 0.1 kglem? 12
T 54 8% 0.1~0.2 kg/em?® 2 ¥ 22 L 4 0.2~0.3 kg/em® 2 /¥ - 9 2k % 0.3 kg/
cm® 12 b oo @ 3 A A 20% N enBE £ 4 100 g0 ik 120 gkip] ¥ 22 83.3 % -
Fd RALGZEE (FI98) ¥ BIRSZEHEF ILLTF PPk

KA TR B RIE B B AP BT o
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%24 bon v R L B4

EsZ(ke/em?) | BE | 1EHG®) | 22E(%) BE | 5@
<0.1 35 29.2 <10% 66 55.0
0.1 ~0.2 54 45.0 10% ~ 20% 34 28.3

>20% 20 16.7

Bentley WaterGEMS p & f& it Jn 32 8 3% 3 ¥ S ik B 7 4738 74

o bldepE i~ £ (CEMSEF) Ty LSRR R ERIE o il e
g %S Lae- B CEDEH Bl TRF- 2ESNFRCERFL
buh i FRFTOCE FP ARE T AE LA FRC Ea
FORP PR A R 2 F AR T A B A G oo J T R 1 iE .
EHP P IERARE QLTSI R EARRAR FILE CEEFT,N R0

= 300 & (% 25)-
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225 pBA RHCIRD A B A

40 100 110 150 3
50 100 110 150 3

82.5 83.75 86.25 95 98.5 100 100.25 102 103.75 | 1055
75 107.25 109 110 110.75 | 114.25 116 117.75 | 1195 | 121.25 123 23
124,75 | 128.25 150

82.5 85 86.25 88.75 90 91.25 925 93.75 95 96.75
98.5 100 100.25 102 103.75 | 105.5 | 107.25 109 110 110.75

100 31
1125 | 114.25 116 117.75 | 1195 | 121.25 123 124.75 | 126.5 | 128.25
150
110 | 114.25 1

82.5 83.75 85 86.25 87.5 88.75 90 91.25 925 93.75
150 95 96.75 98.5 100 100.25 102 103.75 | 105.5 | 107.25 109 33
110 110.75 | 1125 | 114.25 116 117.75 | 1195 | 121.25 123 124.75

126.5 | 128.25 150

82.5 83.75 85 86.25 87.5 88.75 90 91.25 925 93.75
200 95 96.75 98.5 100 100.25 102 103.75 | 105.5 | 107.25 109 23
110 110.75 | 1125 | 114.25 116 117.75 | 1195 | 121.25 123 124.75

126.5 | 128.25 150

82.5 85 86.25 90 91.25 92,5 93.75 95 96.75 98.5
250 100 100.25 102 103.75 109 110.75 | 1125 | 114.25 116 117.75 25
1195 | 121.25 123 12475 | 1265

82.5 85 86.25 87.5 88.75 90 91.25 925 93.75 95
300 96.75 100 102 103.75 | 1055 | 107.25 109 110 110.75 | 1125 29
114.25 116 117.75 | 1195 | 121.25 123 12475 | 126.5 | 128.25

350 82.5 86.25 92.5 100 114.25 5

82.5 83.75 85 86.25 88.75 90 91.25 925 93.75 95
400 96.75 100 100.25 102 103.75 | 107.25 109 110 110.75 | 1125 27
114.25 116 1195 | 121.25 123 12475 | 1265

82.5 83.75 85 86.25 88.75 90 925 95 96.75 98.5
500 100 103.75 | 105.5 | 107.25 109 110.75 | 1125 | 114.25 116 121.25 23
124,75 | 126.5 | 128.25

825 85 86.25 | 88.75 90 91.25 | 93.75 98.5 100 107.25

600 18
110.75 | 1125 | 114.25 116 1195 | 121.25 123 124.75
700 82.5 100 114.25 | 121.25 123 126.5 6
750 100 1
82.5 85 86.25 88.75 90 91.25 925 100 102 105.5
800 107.25 109 110.75 | 1125 | 114.25 116 124.75 | 126.5 18
900 82.5 90 91.25 98.5 100 1125 | 11425 | 1265 8
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3 HEERCE KL
1000 82.5 85 87.5 90 91.25 93.75 102 116 124.75 9
1200 | 86.25 86.3 100 3
1350 | 124.75 1
B3t 300

& d Bentely WaterGEMS #ic#8 3 » i@ -k & % INP 418 - @& * #07]
R o 22fr >k ER0 RSO FRRRE (R 99) ik
B2 120 gRg 8 Pl EcE o

| Observed Torget | Boundary Oversides | Desmand Adjustments

DB X|&|
Field Data Set Element Attribute Value
1 New Field Data Snapshot - 1 T Hydraulic Grade (m) 0.00
R-1 Select b:b]
~= [Serect trom arewins I Fana ]|
k\—_'*‘-z“;::\
I — a1
— -
Element Attribute Value
J-1 Pressure (m H20) 5.52 -

B 99 #i ~ £ Rk £ LW

Ciz #4t¥ (M100)> B FE7 & § 55 T

-

At
TR AR AL pN s AT KA B P
&
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| Field Data Snapshotf | Roughness Groups | Dfmand Groups | Status Elements | Calibration Criteria | Notes
D (<]

| D Label Element IDs Notes
35  New Roughness Group - 1 <Collection: 1 item> [

ion Set: New Roughness Group - 1
B S

| tabel_ ) Element ID Remowve Al
32 iP-1 i 32

Hes Flow Reversal? (Now)
| ) Hes User Defined Length?
| ] Hozen- Willisons C
Heod (Initiel at Staxt Node, Trensient) (m)

Custom Queries > Pipe I
Network >
Network Review >
Network Trace >
Input >
Results %
¥ Query Builder - Pipe B ] T |
Fields (=] =  Unique Values
| Laber -~ | Unique Values
s ~ -
[ OTSTDe (ermimdy =] ==] (rxe]
[ 1 GIS-1Ds <Count>
Hes Calculation Messages Now?  — [ >= | [ ana |
| ) Hes Check Valve?
Hes Flow Reversal? (Ever) L= L= [e]
( ] [ J

Head (nitial at Stop Node, Transient) Om)
Head (Meoxcomuwm ot Start Node, Tronsient
Head (Meaxciomuwm st Stop Nodo ‘rmnsmnt

Hand_OMuscimsmmn._Tranctant

[Fo S

Physical_PipeDismeter =100 AND Physicel_Hezen WillisonsC =100] I

F 7 K 2R Bentely WaterGEMS #c %8 -7 * R Flif 572 12 1§ A2 ok %
B GRERI MG TR BRI G2 BLIAPREETVHFR > LLE
AR 65 7T98EZ 201 kg/cm T 528 8L % 0.1~0.2 kg/cmzi o,

N

6 2% 0.2~0.3kg/cm® 2 ¥ > 6 8- & 0.3 kglem® 12 + o @ 224 % 20% N Bk (-
£ 4 104 B > i 120 ghip) £ BL2. 86.7% o B2 AR A B 20 Yord N BRI
P ORR s 4o 0 0% X_80% 2 ¢ EFER > d B 101 ¥ 5 JR £ 0.1 kglem2
TE gL oty b oo B 102 AR (6 R A A F BRI B o
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1026 Rl 16 RA A

Eﬁ(kgfcmz) = |15EE(%) | F|E(%) BE | 185EE%)
<0.1 79 65.8 <10% 92 76.7
0.1 ~0.2 28 23.3 10% ~ 20% 12 10.0
>20% 16 13.3
: — 3 TE AT — A Ei%
co =SS 4.2356 2. 2682
U ewassemmess o
Bl 101 it w i F IR L% R
 J
9
L]

Bl 102 it fo R £ A # BLi [
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227 RILFA T E AL E S| E

EXKERX - X/ - SBKEZEREKEL

SIEEL - BOKFRE - SHRKEER - SHXE SRR
ERDMA/ - BRE/RIZHBGE
NEE - MEEHOKE
MED ~ BKS - MEBHKKEE - 81 - LKE - 57 O
GlsEm REER © BEHKE  AERT

- B 1/500BFME - BE
© /S00FPKEREBR - AR~ BIUR)  MR(EX Y ~Z) ~ BKEST -
1/1000E 1R R TOEEUS ~ Bkt ~ jBIKIB ~ JBPhi2
1/300}%5595%53 - PRIFE
- RS BNET EENR - EYBERE - EREE - RIEEBE) -1
NIZR ~ S8 ~ P9k - B2

S(_'A*]‘)LA KE gk KEEZEHFCER(SQL) ~ ATFHIKEERCER (excel)
=1
EFEXRRM KSR ESQL) » BIBATEBEKIHR (excel)
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PR PRI BRARAREATAG &0 FFFEE
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# | xaos | bE

100 4
150 3
188 e
250 2
15 2
50 2
3T% 15 5
100 4 ’
100 5 :
150 2
48 200 2
25 1
19 ]
100 1
150 2
| 6 | 5 1
100 1
%1 BRRR83828R8R83838R83838R838283¢8R8R8%888RE28RR2S
8 M 1001

B1106 # f= * = #g w2 * -kpattern®

G MF B H A > % H,OMAP Waterie (7 GISH 1 (& BhAp i &
EAABEL LT AR TFETADR B F v RS 4o
1072 108) = ¥ 12 4 1 S e MAF Ed ~ FHACHS S RPTAR
PAF DR P AR A ERELE R

Locate/Fix Nodes in Close Proximity %  mem N
(Overlapping/Duplicate Nodes) X W
ERSATRIE SN I8
Locate/Fix Pipe-Split Candidates — —_——
EEEZTFE - REE(EEE) - o
Locate/Fix Crossing/Intersecting Pipes — —
TFEMRE - REE

X v

Trace Network
BlttHEZER

B1107 H,OMAP Water# 4% GIS*

131



Locate Parallel Pipes Pom il Py Cony
T TE = :

Identify Diameter Discrepancy 3 x|

Identify Diameter Discrepancy A L L R

BB RO TS At s

7 Apply to Active Pipes Only I~ Apply to Pipes in Domar

b DismetsDisciopancy Dieencel [0
Numbet of Pipe{s) Identified: |

¥ Append Identified Pipes to Doman
¥ Save Resub as Selection Set. [ =]

Identty | Cose |

B]108 H,OMAP Water 4% GIS*
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FOIS KB B KBEAAMFN (e H ¥ F/5%) 656
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g | RER | BROIUTER | g | HE2UIER | Ly,
40 935 903 96.58 0 0.00
50 2,536 2,466 97.24 0 0.00
75 6,598 6,297 95.44 0 0.00
100 | 15493 14,926 96.34 0 0.00
150 | 58,967 56,087 95.12 0 0.00
200 | 110,144 08,228 89.18 0 0.00
250 | 14,503 10,659 73.50 0 0.00
300 | 33,898 27,164 80.13 0 0.00
350 19 19 100.00 0 0.00
400 | 21,584 15,950 73.90 0 0.00
500 | 15,969 5,688 35.62 0 0.00
600 | 9,047 2,59 28.69 26 0.29
700 571 181 3L.70 0 0.00
750 996 996 100.00 0 0.00
800 | 10,040 1,504 13.75 0 0.00
900 | 3,545 962 27.14 0 0.00
1,000 | 5,650 611 10.81 0 0.00
1,200 | 130 0 0.00 0 0.00
1,350 | 206 206 100.00 0 0.00
®3t | 311,731 245,443 78.74 26 0.01
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TR | RER ik 03NTER Wl | 2N FPER | B
40 935 891 95.29 0 0.00
50 2,536 2,165 85.37 0 0.00
75 6,598 6,026 91.33 0 0.00
100 15,493 13,649 88.10 3 0.02
150 58,967 50,250 85.22 0 0.00
200 | 110,144 84,545 76.76 0 0.00
250 14,503 8,717 60.10 0 0.00
300 33,892 22,156 65.36 0 0.00
350 36 19 100.00 0 0.00
400 21,573 11,190 51.85 16 0.07
500 15,969 4,929 30.87 0 0.00
600 9,047 2,374 26.24 29 0.32
700 571 181 31.70 0 0.00
750 996 996 100.00 0 0.00
800 10,940 569 5.20 0 0.00
900 3,545 690 19.46 0 0.00
1,000 [ 5,650 9 0.16 0 0.00
1,200 130 0 0.00 102 78.46
1,350 206 0 0.00 0 0.00
&3 | 311,731 209,356 67.16 150 0.05
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FE | RER | MBOIMTER | w6l | mE2MIER | Mo
40 935 907 97.01 0 0.00
50 2,536 2,493 98.30 0 0.00
75 6,598 6,331 95.95 0 0.00
100 15,493 15,042 97.09 0 0.00
150 58,967 56,493 95.80 0 0.00
200 110,144 100,302 91.06 0 0.00
250 14,503 11,454 78.98 0 0.00
300 33,892 28,320 83.56 0 0.00
350 36 36 100.00 0 0.00
400 21,573 15,909 73.74 0 0.00
500 15,969 6,799 42.58 0 0.00
600 9,047 4,465 49.35 26 0.29
700 571 245 42.91 0 0.00
750 996 996 100.00 0 0.00
800 10,940 1,513 13.83 0 0.00
900 3,545 962 27.14 0 0.00
1,000 5,650 611 10.81 0 0.00
1,200 130 0 0.00 0 0.00
1,350 206 206 100.00 0 0.00
ki e 311,731 253,084 81.19 26 0.01
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% 43"_ 2ER i 03 NTER e 2N ER B
935 896 95.83 0 0.00

50 2,536 2,186 86.20 0 0.00

75 6,598 5,991 90.80 0 0.00

100 15,493 14,033 90.58 3 0.02
150 58,967 51,274 86.95 0 0.00
200 110,144 86,739 78.75 2 0.00
250 14,503 8,790 60.61 0 0.00
300 33,892 22,989 67.83 0 0.00
350 36 36 100.00 0 0.00
400 21,573 12,011 55.68 0 0.00
500 15,969 4,938 30.92 0 0.00
600 9,047 2,374 26.24 29 0.32
700 571 181 31.70 0 0.00
750 996 996 100.00 0 0.00
800 10,940 1,504 13.75 0 0.00
900 3,545 948 26.74 0 0.00
1,00 5,650 610 10.80 0 0.00
1,200 130 0 0.00 102 78.46
1,350 206 0 0.00 0 0.00
3t 311,731 216,496 74.18 136 0.04
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A-

X B ARARA L E Bk S

s

CRER Y

t s 3 34 )
BE luppm WP ®ER] g0
40 935 0 0.00
50 2,536 0 0.00
75 6,598 0 0.00
100 15,493 0 0.00
150 58,967 385 0.65
200 110,144 1,040 0.94
250 14,503 94 0.65
300 33,898 648 1.91
350 19 0 0.00
400 21,584 1,184 5.49
500 15,969 81 0.51
600 9,047 708 7.82
700 571 0 0.00
750 996 0 0.00
800 10,940 296 2.70
900 3,545 0 0.00
1,000 5,650 0 0.00
1,200 130 0 0.00
1,350 206 0 0.00
#t 311,731 4,435 1.42
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) g 1 (%)

(kg/cm®)
' 0.9 12t 8 0.04
'$ 1% 0.8~0.9 315 1.59
'$ i 0.7~0.8 368 1.86
'$ 1% 0.6~0.7 2,088 10.57
'$ 1% 0.5~0.6 4,105 20.78
i$ i 0.4~0.5 3,843 19.45
i$ 14 0.3~0.4 8,483 42.94
i$ i 0.2~0.3 420 2.13
"4 0.1~0.2 38 0.19
i 14 0~0.1 32 0.16

ER 49 0.25
# 4 0~0.1 3 0.02
# 4 0.1~0.2 2 0.01
# 4 0.2~0.3 0 0.00

w3t 19,754 100
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243 AR Rk AE Bk AU e R E R B A
BE | pEmm | PEEER] g0
40 935 26 2.78
50 2,536 90 3.55
75 6,598 0 0.00
100 15,493 424 2.74
150 58,967 3,050 5.17
200 110,144 10,899 9.89
250 14,503 2,370 16.34
300 33,898 4,002 11.81
350 19 0 0.00
400 21,584 4,778 22.14
500 15,969 1,659 10.39
600 9,047 4,671 51.63
700 571 93 16.29
750 996 0 0.00
800 10,940 6,483 59.26
900 3,545 0 0.00
1,000 5,650 96 1.70
1,200 130 0 0.00
1,350 206 0 0.00
#t 311,731 38,641 12.40
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T Il N AR kA B E R
%aﬂ?%kkﬁﬁﬁﬁga¢,@@ﬁ@ﬁ&%ﬁﬁﬁwg,@g

MEMER 20> A4o B A s R RBE 50 91 39% . 2 A%

B SRt EHHT 5 5 200~600 MM 2 ¥ A & 354 % B 665-763 5L -

MokE 501 % ~ ¥ B BECK 116 5~ BH- B RTAF K
RiPE R R 303W%ﬁﬁﬁ%&ﬁim3%\Q%iﬁﬁgil%‘ﬁ
= £ 8-131 %’fb /§_ B _Qr-]"] 137 % Z\ 45 9151 o

Fo44 Pl oA AR L F Bk iR B R 4

Talond) ¥ ik (%)
0.9 Mt 0 0.00
% 4 0.8~0.9 0 0.00
% 4 0.7~0.8 37 0.19
% 4 0.6~0.7 12,689 64.24
% 4 0.5~0.6 5,179 26.22
% 4 0.4~0.5 1,154 5.84
¥ 1 0.3~0.4 515 2.61
% i1 0.2~0.3 87 0.44
% i1 0.1~0.2 9 0.05
i 0~0.1 9 0.05
FEx 60 0.30
#i 4 0~0.1 15 0.08
H#i 4 0.1~0.2 0 0.00
23 19,754 100
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£ 45 I L poPas AR A R ? ﬁ;.f}cﬁg o E R R4

'EE- BEAEmM ’"“"""i%* v 5]%
40 935 2 0.21
50 2,536 5 0.20
75 6,598 0 0.00
100 15,493 92 0.60
150 58,967 1,683 2.85
200 110,144 4,559 4.14
250 14,503 989 6.82
300 33,898 1,057 3.12
350 19 0 0.00
400 21,584 702 3.25
500 15,969 134 0.84
600 9,047 1,143 12.63
700 571 0 0.00
750 996 0 0.00
800 10,940 0 0.00
900 3,545 0 0.00

1,000 5,650 603 10.67

1,200 130 0 0.00

1,350 206 0 0.00

B3 311,731 10,969 3.52
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Hourly Reservoir Pattern
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F 47 (k#4475 96 hours B ¢ oK it £

-k # (hours) i ik v (%) %L
<5 395 255
5 ~ 10 2722 17.59
10 ~15 5,981 3865 | parpi
15 ~20 4,143 26.77 96.59%
20 ~25 1,320 853
25 ~30 388 251
30 ~40 284 1.84
40 ~50 56 0.36 J‘Z%Ziﬁ,/f
50 ~60 112 0.72
60 ~70 20 0.13
70 ~80 55 0.36 ey
80 ~96 0 0.00
iy 15476 | 100.0

®0-5
®5-10
® 10-20
20-30
®30-60
®>60

Hour
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% 49 &% 4~ 47 % 96 hours § 4k & kB St

\/La F
% (mg/L) | & BLic® | 1k (%)
<0.1 28 0.17
0.1-0.2 15 0.09
0.2-0.3 581 3.58
0.3-0.4 5240 32.29
04-05 8585 52.90
0.5-0.6 1780 10.97
Mt 16229 100.0
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2 KRBTSR o fEEE E KA REREL T REERA TR R
HAINP % (B 157) ¥ 2 X TFF = £ ek T4 BReEE KRk
BAAMER > X RERVHAFL SR ZTRE BB EERA
FUEFERERCHE SHEORA R R ZERE B BFYEERC
B M EER GO EEAZ RBIAAME > HREE2ZRELA RS S

=Rl EA-£ 50 -




%50 = £ BokA R E ORI RE B %

T & Al BRI
T A E(CMD)| & /1 (kg/em?®) [k F(CMD)| & 7 (kg/cm®)
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—  S514_A_S3_PTQ S514_Hi7K AR 0.430 1.180 0.823 0.000 2.000 kg/cn2
= S515%K S3IPTQ S515_HH7K BRI 0.490 1.220 0.857 0.000 2.000 kg/cm2
— S516_A_S3_PTQ S516H7K] 0.800 1.330 1.060 0.000 2.000 kg/cm2
— S517_A_S3PTQ S517HK] 0.480 1.200 0.857 0.000 2.000 kg/cn2
— S518_A_S3PTQ S518_HH7KEERNRFE 0.330 1.060 0.690 0.000 2.000 kg/cn2
oy N S %
Bl 171 = € &=k & % EARELIR K HP PR 4 AR5



BT RS

2..000, 2..000, 2. 000, 2.000, 2.000
10:50 B & & Kex | Loi0F 18920 ~502
3 BH & S 3 1.500f 1.500
B 3 KM 4 3 KR ARAE IR K
1.000: 1.000f 1..000 Wﬂ R l 'Ar/j 1.0004 1.000
\VM l Tt
0..500} 0. 500t 0. 00 er\ A | 0.5000.500
0.000!0.000' 0. 000 \M"‘* A, 0.000.0.000
08:00:00 12:30:00 17:00:00 21:30:00 02:00:00
201179712 201179712 201179712 201179712 201179713
& EREETE fEE BNME  BAE  FEE O RINIE BRKIE OEM
— S519_A_S3.PTIQ S519_Hi7KRERNRFE 0.380 1.070 0.759 0.000 2.000 kg/cm2
—  S520_A_S3_PTQ S520_ 7K MR ENRFE 0.170 1.060 0.550 0.000 2.000 kg/cn2
. S521 A S3F10 S521_HiZK B EIRFE 0.490 1.260 0.871 0.000 2.000 kg/cm2
— S522 A S3PIQ 35225:,'3; 0.000 0.860 0.382 0.000 2.000 kg/cm2
— . S523.A.S3.F1Q 552344 ) 0.445 L1558 0.828 0.000 2.000 kg/cm2

R 172

_—

A A

g=
B

ALBER- KR 4 ARE R

B 173 = & &k A ®%iEB kK iv ¥

202




@ B TR E @

1.600, | . : : | {1.600
00:26 F/\SSII & 8520 0044 8520&‘%‘}‘]‘ " X;H_
s e BH | $158 K 45 B4 1 P
;,%7](/ET27}%7§'J : :
1.200 1.200
=] ERES
S511
— S512
0.800 — gg%i
: ! ; : ! : — 5515
; i { ! ] - Ss518
: 1 : ! ’ ! = $519
; : ; 0. 852
g e L O
S kgl e HxHA%JHAHJﬁ 01:02 S511€ £235
2 T oo pkmmae o KR#
ool | | | | | oo mxévae
00:04:00 00:22:00 00:40:00 00:58:00 01:16:00
2011/9/13 201179713 201179713 2011/9/13 201179713

Bl 174 = £ kA B# b kI F AR 4 AR5 F

Aok K R RIS S 45 F IR K B FBR Y R B ORI 45 2

BT TEFATA KRS T HPERLRIRFES - HE
SH BB kAR E R R R A o AR
Bk 2 S ELATH A% BKE 69 CMD A 49k Rk 15 KBS > 5 A
W% v HREAKE L EARE S511 R RFERE S T H B ZALBLK 0 o)
175 FJpt 0 A RIZHAEE 28 > P SRE B2 KB RBERRAPFHE >
HHEAEREESNE S RFIERREN A PIE R VIR RIS 4T
SN, R K IE RN 2 E - B ELA BN N Sz SRR B FokEA
170 EABERE - FERIRT Kok RPN E BEEE2 RS G FiE
KA T2 EARBRBUR Y B B INE 2 RS T KR
BRI AT R R T AL B TR BREUR R T 2 Ak E R
TERTARERES LR R RR KB TEFR MR RE R
BokB e AR BB EAS SE 2 R IF AR RS

"\

203



Q JmKBEIKIBD S

wn BT EB'Eﬁ“Aijfva

Hi

88 /400
(L4
5

5.4

1973
a7
B6.7 57

Pressure
250
50.0
750
100.0

m

et B ge——eah 567
768 — I8 g445 43
7.05 6.7%.5
by kU

211623

L s [ A
4.5T1010.96.1 54105 666 111

Pressure
250
50.0
750
100.0

m

1E £ 3% ~ k& ®m4

LR

e N 7K 2 6% CMD
? &

S51114 hg & AF
Hygme o m
KA A

Y
Y
.y

B 175 Bk 5 ts kR S

204



6.5 FRIFKR &4 7

AR B WAL R B ORF M2 BT L R R kY
o] ?V?p;;{_;j/—"%ﬁ-?zﬁﬁag; LA B ,rgigrgg%;éﬂ&g;k/g%:«%,}\m% L
PTRAYRARPZ )N H O HERPIAEHERF RN )R AL FR
EELAAEA O P - LEZFARNEREA TR 20k 30 e
VA EHRCHMPAAMRGET D> 2 FHL - EpPFE 1
VR IR AR B R B e SRR TR A e g - R

THE L ERAETEEAE LA ZER AR ¥ P K

-

B
(w‘
9

Bt R RATEE BoR A B 2 KIEHCR|2 B 2 S £ § 3 SCADA TR 4
s 0 kY ATH T AT G AT R e SRR B A u 4
HEPEREEAIT > BB E R LR p B EHOTE M P2 R
M-k w2 o 4TRSS B2 Sl (& Fis kP 3R KRS RS Hc) §
PEY fBAR S > AT B EL GRS O R R L FE BT SRR
" % 5t Web GIS i St RBIHET TR 2 gE ¢ 0 4B 176 0 RIEA 4T &
PEREE BV EHRER TS (Wit s g8 Rk R ) 2R
AT TR 2R R EMBAIREER > VT IT L B R AMF

205



7 / 3 = K &, P
P - . "
\G 9! 3:. =F fUX
,t“\ A . LN
= X \ e ‘ ® | =" [
\e?% 24
= \ \ Z O | =a
¢ A\
A ¢ 0 | RE
gee &
\
/‘/J X l’r

o
o))
Cﬁ-
47—
-3‘.\;'
g
-3:\;,

X SNV P Eﬁﬁﬁéﬁ#&* 438 Btk B ORI 2 )
SER > TR AR TR RAIR I F A KEA SR T £ 5 R

LR R o A H A REAR 95 Edzdud 20 & [ kE et £ AR
YR o RREFEE IR SEE RIS AR AR EEESR
%’ﬂﬁﬁ%?%ﬁﬁ?ﬂ%&&‘ﬁé AR AT ERPE LR
Jeonid i@ Bl BOREEAE A 0 R BoRBR A Hi TR o i A kg
B0 s R A SAE RS AR R b A
P4 o @ik K2 ’g%ﬁlﬂjg% 13 ‘EL’FU"E"?% C AR Vo i }U}ﬁj
S WP R R

~
o
e

PUE G SR KA R A R KR T LKA R R

> %} ACE T6%2 F SURiE £t 03 mis 4

2 7 150 mm T ey
kA E 45 He A g

AL AKT 0% Fjnag £t 0.3 mfs e F]t g
R TR 2 T R AR AR RRIR

\\\

FEBNA G AT

C\' r

206



120104 EHFERR 50 e FUEFFET A oS5 Kl T
Mo RoKR RS BIIERFEZ L MR p BT 2 BKITE
VA ok ts 0 FIR P E B Tk E e ke R

%o
x@"]xfﬁ g '3‘“%"31‘;\/\:}“"" fvff. J\"]iﬁ‘.‘hbﬁﬂ }EI'J'E-»%'J/ i‘aéf@i’é’—% 37\:

Ay

\ﬂ\ﬂ i

\

Vi KPR AR AR (oW 177) o RCRE AR KT EE

@ ied (4B 178) o ¥ scdrATH § 1000mm F S p L % A
2 REFRESYT (B 179) o AT RERET S R BT fei L

’

—\
-

7
7~

FTAROKPFAZ ) T ¥ 25 F g ook d AP R FWRR A K ik 3R]
2 43 § 1000mm #5 ki F A e 1A 5ot AR 107 & 10 0 B4

ot
&
[
by
i
-l

AR 110 & 1% 19 p =3 oo PowiEdopt 8RR ARG
FREYOKESI N EFEEA > BRI AEHIEY EHEP K E
o B ATH B AR T o

AR ATH T ECRKOE RPN T e B A SRR
2B ABIRGE S A o B SRR A R A T B E R
2 Web GIS st B F L BE g RPIRF2EM > §d Sip FEE
AT T T E SURILR o R E USRS UL 4o B 1800 ¥ At
RREERFIK A 0 KA B B EEHCE > & Web GIS & sy BT 3

SeRrh2 R F R R BAR S E  A R BT RS
Fd B AT R e KRR R R R R R AR E -

ot KA R TS EATH R P B A A 2 e R sk

207



KPR 2 b AR P E Y RBRIER TSk
T S LT DT

BER—/\ER8155%
FREHEA
=1EHBE LB
EEETEEEE

SRR P
UBIRHMER R

] 177 A7 4B sk 50 eid L s R ARk A

;gg
EREATEA &J 9.44
matke B

2K

o .
) B m ", |
b Lol 5
#‘Lum:m J LT
12,759CMD e @ 1453
(1344 [2
ML
19,960CMD
o ZERRB1IOMBEEDME - SKEHFESR
// « FEEARAMERS - BIRARISREET O
H1210m

Bl 178 374 4o B oS fORTLA 5 5 &

208



S 25 e R 2 A A 18610005 [T 9.06 BERE
SHoK - KBS ERT2EEA i [l
EE ) - KEEIRFA£90.45kg 3 7K B

pi
Omcu;/lmDm " REEER
BIBTFEE
6,710CMD €

FEHEESITERZ AR - LU FEHRRE ST AR OIS E Rk
skat MEBIE K REHEAE 2t DSstERIAReENE

0.3
§—=

— 12 12
2

B1180 i i K I9 A 4738 {7 -k 2K 35 R 2K 2t

ek 2 FWADAFE ke L v B

LfRARKR R Sk P E4e ¢ 5 Takadu 2 =347 £k % 4048 > 106
EFAPIE TP o RS a0 32 < BIpBFF o LR
T ki (SCADA) » p A EF LAY - B E L rikigpriir it
(WADA) > Jl* i3 T2 fE 2 NS EF Y FE 2 2 FE ke

209



wRFA L N A RRERE (kR R ) R G

=3

W
ot
g

F iR K i~ RN JAR LR T
PH o FRdwe B RN 0 KBREY KK &R *
L FE ES 2 (4R 181) -

-
N

_\L
=3
B
Ik

L8 Mff!&%%

Q RAUBR M| —

Q@ AAd A &Rk AT
s 5 (‘”*"\ sosan 9 EREAAAL

B 181 WADA : 5L2 f#; F L A7 ] 24

WADA i stdd Soko @ < Bcdp B p 7€ B2k 488 5088 (open
sourcesoftware ) B4 = = » H B P &M 4HIR-RE (T MR 5 5L By e TR
BB R g A LA FANGEE e (DMA ] %) 5 A# 0 TR B
B2 S r® o FHEfF2Z8 PEFEXTRBRRSERLE
eF L SOP A2 FREBIFRKERTEEHBGRIEL R » NiRiE>
P o p v A RiBaTy > X h - BAFERY o 5d B
Rl R > HELF 7 PR KERE > NRARPIEIE o 52 &
RIS 2R ginm F ZJhd B EFV W52 5% 6 EPANET k4 ~ 471 &
#ete iF g Bl g ) $1=0 ) % (ED) > 308 P ARR
R 0 MR MBS P IR -

W

ETES iy T R

A HT LR P B RE ST p AT 8 WADA kit ¢ B g arEqk
PEpEAS o HFRFR? R Y FATF oo § RS (fRAE K
FAE) » HRIA S Eomondy > 8% 2 FERG T3 A Bk

210



PeRLORA SR E R E R TR g N I ey S LR
A (GIS) ~p iR (BRZAE) ~B FiEE (BUER - F -2

B FEE) MR AER (AT S HEpE) EFHE ARA TR

v

J

FH S FEEETRET AR PR keR R Y R
Ed TR SRR KRG R s N AR e TR
AHPAPEHN fred 1 TR E TR FiEL AR
% (Water Intelligent System of eTaipei ) s » & - R IZHF| F fi & 45 fri
A A PR AT S (el 182) 2 2 RR T L Bkt

Pl R R 0k SR KT BT T L i ol

N 3 & AR
RS 2 S

IRGEFTHEETTFEMAARME

PRI A - 10T ' Wl BT e R
VL MRS TS vp u§ 3
i

:

1

1

1

BHAETE BRERE

A O 48 35 1% &R 5t
HE R % s S gk A TR E TR
A ADAE R 42 Bp B3 4t

BTN | swearm |
1R A 4
API #HHt R R K A b1 o B AT

~

Bl 182 WISE % & T 4 & Su7f L W]

AR A R LT ARFTEEIRS AR L coka T Ep ok

N
:\ﬁ
o
&
)
T
%L
>
=4
i
~
*® &

Frytmzt g ok (NRW) #r34 (7 {0k = 455 97
FEAAR - pAGATRE S TERFT A ATFF o g g Fieg 0w
AR AR G E R R R RAHE o PR SRR KSR
A A RBE LT o RAaaH TERTH ) SR (40H183) 0 1
Bt e FRE ARHEC TR A H AR FREEAS

5

3roke i GRER KR



o ORE) o hed hos A —%’%&%ﬂﬁiﬁigqﬁ*%i ,
%

;K,ugjf,gp\»g' FRFFHE AR LA A2 G e

| | kﬁi#&zlfié |
 RBAEZ A L AMARER | AHAE

@ Ex:MapReduce.
i { Spark, Storm HE ﬁ %ok K B Sk o
Y ‘ s TN g
N P T S W
Volume I N AT R 53 )
X i Ex: Al AR Wik oy AT
. K B B AR S A 57 205 (NIST) A R S 2 9
3Vs ->5Vs ->9Vs A5 By B R T R R TR SR SR AR 22

B
xRl A i :: AR 3R
~n P & ES T L

B 183 * #icdp2 Tk

BB A RIS R R 2 A T F B B S A

AR LR 0 ¢ ZHCA AR R IR N IRops H o ok IR LA
B R RE R A G RATHRORE o BRI e - [
#* Google = & TensorFlow # & ¥ fr & sip 2 ¥ & T S (M
g 3152 s TR kB, ) 2FHS (arg] 184) » #er# e =

RV A BEE T ART AR R AR LU TFE A

Rl

N VAP SE

Sk AL e e R R (4o 185) fe A Y B b B eE & S
PP SR ITL LRIV P I UEREITE 2

Moo SFRIEHRE RS R R R E R BRER R AR RS
EHORY o

ﬂ\

)—L

TR kRRL g2

212



= 2 13 . s .

NEEIKE 2 K KL+ 48 INBRKEE
L 47 P N

R HEARTE BRI E

(100m*100m)

NmERO7E)  EREIR EHEE S— ArcGIS
ERE N E
Server
e R e ELLE B
B
iRt
fix B Ry 1t 6] 0 o A 7
Gl SRR
notfix R 1
pipe_up_fix
pipe_dn_fix
REMHEHRE N »
= WPID
SHAPE
IRTF E R _pipe) fix X

B 184 5 EH Y (F ®A-K)IFE AR

[ ATV Jewvipn Wiia DI 00 | i diwavE Cpwer S
¢ co B0

00 200 00 €9C0 0% J 20000
¥ LU s B LTITNETT o g
CONO L 00BN D B e Qe 0s 00 0BBLLORND
LRURAESEON A o0 AR | G a 406t B ] ! =~ T T
( 7|
R RHIRLSEAR
NERKERE
(S
] (UL
weste
LU L
¢ 8
[ v 1 (1T
O i O
(] 4 (] /
| b | L
=] o1 o ;\ =
m b [ n
" o .
#
N
L »
0
AP
LY
)
n

Esarnn
W 185 -k it A 17 B
FEWSD FE 2B THIIE G~ A5 ERE e
FAEYLRAPE2FHEL? oA I 2 Ay o KR
BAEZFRETHE (F % k2 s B F A0 B ER b blidy » Fidich
FAbg HAMPHMEH) P 0 EEFTHE > X Hf A % g i
sdp SRR A TR R BT S R AR TR

e

SR ET RS P PR RIS 2R F KRR G TRL X

w3

IR

213



PR @ pERPEEE L Sfr P BT & REEBMME 2T R
RO g R o EWPEM A HFSEBES Y WIS BERA
S| R 4~ 17 (Time Series Clustering ) fri # {‘i_i&ﬁﬁf ( Support Vector
Regression) i &2 » #-A K F 8B A4 2T Fr> W E Rif §F ED T
k2 PRk OBEIFEZSEOEAETE A 2 B GEITAE o
EREFRETEA f?i«'mﬁ%l »EWRERE Y s 0 BEHRS S B R A
Hp ~ ¢ 2 LT ORIEIR
£

£y TR R A s Rk frpe ki 2 B 3R PR e ik

=t

TR EERSRE R TR T FE

214



71 # 45

BFELE E - BT AEF L2 ko B EEY G TR BH
FARME AP BRAHR SR LR TR L pi ety

RIEHEA| R BRSO AR BB A R AT

1L #2 3R AE2ZWMF > NIEE BB E-RERL S HEL T2
2 BAH -

KT p B 5 R g TS RAL %0 Bl A

Mo dr e By (XE B o Mok AR 2 £ * Bt (CAD-based) s GIS >

VR R R RS S Rl 0 A2 F S AR TR MM KD S

% B3R B (Spatial )i GIS» #-dp3 ¥78E 2 Hcdd b > 30 8 T gL e B U

BREEITRPEALDL .. FIrp e e INP X A 9B o

AR TR AR F s RUREEEFIEE o w1 d BIR R
L EAERit L 2 XX G FRFTHE (GML #) > FEE 1R~

oA MFFRARSE AR B R PR B - LR
FH A B EAE SRS RS OML AL o D SR L E
e ERREE FE(EE BT R -

2. BEPREEHRNZLARGELE ) TDINPHE 2~ EF 41122
B o
FEFERE* 0t > 4o WaterGEMS ~ H,O Map g2 4% &7 2241 &
T K p %% Shp Bk kA gk % ok E - DTM F 42 -
rE R o REAR S BAPME. BAATREL o AR WebGIS

-

215



SEF Y RWMENHE > IR ZFTREREAT TR RFEEp B
L S AR S\ TR SR R s kAR
SETI A P R o
BEGLRERAYZ GRABILEFRERS EFRS R > NBRAR
it 2 o RBER EEAR
#FH-kF 3 ¢ (Water Research Center » WRC) ] e it 44t 2 22

ﬁ%fégmﬁﬁﬁ~@4ﬁﬂﬁ%ﬁ’%ﬁﬁwmpfﬂu$ﬁ@4ﬁ

i ¥
i%iﬁ%@%%&ﬁﬁ°ﬁﬁ%’?ﬂ§~$& —ﬁﬁﬁﬁ&‘%@
B~ FEUVIE S BAE SFBRE L od W ke e HE el WE
B R AR EL G P FSEE R g B ekR C - a2 kR
REPRIRA P o sk ® B4R o 50 RGO A ke
FRE P> #ed T p D A R IRSE S - BB AR b

4 FEH 22 REE > FFREGBERS RFAAM S ERY o

RIT AN S A4 47 -k 4 (Hydraulic )~k #( Water Quality ) -

MTF 2 e BHREEERIEEL R W

(1)’k # (Hydraulic)
a4 (Pressure): X' * RBRGP AT ~ KBREHSF F K~ KRE
Tl L s Bl FERed BORR S A RORIRIS R ST R AR
Ao g i@sa\ﬁﬁ;f] :l',—‘lgrz.u; TARARTERS o PRI R A 7ok S
H'E o

b.'/n'~ (VG'OCIty) pIne 1§ = 3 2m/sz. ?E;F' 'F? = ( - Xﬁ ﬁ 5 B #F‘{ ) N
oid o] 2v0.3mlszo s F (GREER 0 mEpFE ) d IR FEE

216



PR E RGN BFENSRILE L FEEAFEE L
2o

con® (Flow):in B+ @& 4 #RPils 2 L ing L] # Ptk i
EHR e MEEERBEET BB GRERFEEFE G MR KR
7R & g ]ﬁ‘*,}\fb B AEE_TE A BoKIRR ?‘;”#’ikfvi)"’%%:ﬁ‘?‘}ﬁi
LR

d.# k42 (Energy): & 4 % send fe-k4ei 32 8 ~ R RF (g R
SRS R g RS R R RO E T o BEARfL R RiEH T A
B o FABLKRER KRR J A oA A TR R

(2)-k F (Water Quality )

ask#s (Age): K#ipd ®id2 2~ ok i 2R 2B FHdl - Kk
5 By F R RBE BA YT AR KRR b R8s
HEETEEIN AR RKRHORS F R Ak LT B
AL -

bAk& i 4 (Decay) : if & # )k B 2 " 2 4c > #H % k48 (Bulk) 2 &
E%WM>F@ﬁ&’F—ﬁ«%ﬁﬂﬁ«%@ﬁﬁ?wk’mmF@
GRHAPR > ARA FRERE L FRDER S HT A5 0T AFRM G
* & F47 o

CRlA$ 2 (Growth): a3 mlAdtr2 2= ke 2 2 B4 ik
/”—£ }\'EﬁBUIk}‘ ?é‘%‘wa”‘;& IB;F }Tg‘-lé‘ﬁ{’/ﬂ -q—fx‘fl (ﬁ H{ta’ '#' F fb}; }ﬁé‘. ’
AR AP A S F T - FEEC PR 0 Boipeny £F BEF R G lic2
F B o

d.i5 % F3ac (Trace) : 7 % f& 5 Fendpic ~ i AR% > Gldolf -RIpic s
170 ok 2 g 4 Rt [T EE KR AT ks e

217



BT IR KRR SR AP R BT Rk

2
BEY A R HEA R SR T

5. AP P TR PEFEFRRPNS NI RF R RRNE
R2LER $7 irdg -
ERR AL RS T R AP R E R AR RRS T
RO T R T 3a0NiE 018 m/s # ¢ 76% % 03m/s 11T > 42% % 0.1
mis 11T o Aoond i S GAVE B B oo f AR 2
g%k&r%@#a’?«éﬁiﬁﬂ’&&gﬁﬁﬁwrﬁﬂ%wm%o

R o des A v XL A dog 4o orIpdp o F R REBBRE S 0 B oA i@ %ﬂ’g‘k

6bﬁﬂﬁﬁ$%ii&ﬂ¢L%$ AR A B R R 4 SR

e R

AR KT B2 - LEUGSERIANBRAFLESY THFREF AR

kAR BT A BTG PR PROERR S A -k
THERBRLPPRE SR SRR R At g BRLELPE
¥ 1§ 1,000 mm @"J RETREG BAEE e = ¥ 3ok FE R L) PR
B X ERGRRY > AT E ARG b AR o
TEHPA BT PR RRRREEF B SRR e LR

BRFRBEFR -

b R 4R % B BRI L ok s 2 pE
EREETHFR FIPP LN PRIPNPERLS RLREKKR & L Bk
FEE A - Ak B A ER KRR KRB TEY 05
KgIcm? » %4 % AZHE (03 Teig F AR g A JIFR 2 ¢ 5 AR E ke

218



AR (G TN A PR AT

8. WM W7 P SR RKE T AMICTR - ¥ RRF R BB
KRB RE > TLUERLRFI 220y B o
B SPEEEA AT RREE B ARBICER - B RBT RRASITE
KEHARIE D > VRS Z 0 NP ERAS R ORTARE 240 g A
RV A E R R AARE N o KA o RN R L DI N B ek ot aL
N BEF| L - gk Vo g SRR AR TR ¢ k&R
BEARE ER"E MG o

7.2 %

AEL T B R ORI (AR BRI U A Y

3
Bk A BEE T RS D4R RE S N R g
2 N O QAR 1

Fye

) 0 ¥ KRR TARM G e e BT o A
FAEREFE S BLIUFFZ LY S BED G Ak e T L
iR ZREARP 40T
1 kg3 72 pME 1L ERFHELCLAT > NEIRPK
TERE o
%%ﬁﬁ,&$’%&ﬁ?’iﬁié Rt BT S s R RR LE
RAERE R E > g 5o » B kLR o1 5 i pfz, o
BERFIE e REFark®modradt > @ ¥+ 3782 GA (Genetic
Algorithm ) f%;4-:% B A* 3% > &4 WaterGEMS 7 Darwin & i+ ~ 4 3 3% 7 &
# #1484 SolveXL ~ GAWUP ~R-GA » * i} » ' 7 S Mg i & & ~ do)
B BT AR FCERRE

2. EPANETZ £ k2L 458588 > %’ﬁ BT CRFEREP RkRERE

219



2 A EE NREAMAF B kA RSRPRT LT o

B é‘u;ﬁf PR F A 2B 0 H D TR Y BR o Gldek ok A
% (Emitter) S-#chcy #&4 /K5 % o E\"‘ﬁ@’* EPANET «rd
#145 it (Control Statement ) FT R R AL e R gy
Bp T R 4 TR TokE ks it PR ORR o R
i & o F‘ Figr - g x i Toolkits 2 H 5 1 2 4 R 3% 3 B EPANET
170 % RPT A% > S W0 2@ R IEd > & B e fednd & o

EPANET-MSX e iF 5 » 5B £ % 0L RATHvRFA 5312 > 7 1
P g4 EPANET = (A H -KiR R Faritans 4t > 2 ® 3 5 KRR E & >
37 k= HE m,ﬂ,;ijﬁjf—rv od PR X G ]\%‘rxggt & 5ok
Bulk ~ & &= Wall i0F i fadc > 3 & JF ¥ #b g T4 5ig3#s  (Bottle Test)

BEORFRR U SEREIAGRY S RNAFTREE ERAET 32

;L‘“ o
3. e AKINEFE-RKLAAMR -~ E#7SCADA#KIg » p H ' HE RBES
At TR EREI RN 4F g o

T - FEE i 53~ TRl o Blde SCADA ~ AMR E Tl o d 3t
mptRep BEFEERYARKE > EFEEKE LR A B - )
By O HNEBEARHAEANT  Ra kR RAKAULIBEA
(Extended Period Simulation » EPS) s szid » Bl ff 5 { W pFenficdy o
AR HEA TR R A EL BT SRR BIVRY R E TR

FEfp e N R R B 0 1Y A\#fr%zaa;%vk °

&Jéﬁ’éﬁﬂ%iﬂiﬁ%%%ﬁﬁ%ﬁu\w’ﬁ?%;ﬁh
A‘#frﬁxiff;i Ry E RS TP (SCADA) ficdy > T A 5 anjic]
Z RN FRE AR P R e R SR BrY 1 ehbe 2 o 4o SCADA 7 iR| ity

220



b L Hep 2 A X2 4 R kB ORRBER A A 0 ¥k
Ritd SCADA E refe £ 8y dof o S0 445 5 o) i d > 1 &
e 4 RGBS TR o

PR E e AP FEAH R L) PR L E R

FREA AT R e R ELDPEME BE o A6 IR AR
&&ﬂﬁ&%mﬁ,g§%%§@@¢§ﬂﬁﬁ’uagﬁfﬁg\¢§
RS I KB AT RS B PR RN RE2 & i
o S BB o TR e et E?%\aﬁf%iafﬁm#—ﬁ\%%

>
Tz E R T RTORE RS FSUSHE CRREIE S Bk TR T

5. 37 RHP T FRAFEE AN RHPT AR R RHP
SHPE o
HP - Beg e Ie B 5 E KR K Sy AR > Rt E 2
KEERP ) B E R ERA KA FRAREER SR TR R E
FERA A BERRE LA p R AR MR ARG L
PR RCA A TR RHF T T PN L IR bR
B
6. ATH B MUFHA G AFHE > NS FRBARETALFREENF
2 ko

REZFREMIFIRGE BT R ERT AR RE B HT

221



ok T AR A g MBS BT > B EORIERR A 47 E Bk (S 2 B
PR BRES ST R e c BEA H g d o T A LE R
ThRGES PNEIRGETOTE ARG AAMD 8 -

7. RTH HORR S RBIRFHCE 0 FFd KA B BEE R AU
FrEz:hgyenieoks -

ERA K AFRRBIEPIL > T AR FEE AT R LE MR
,J(EEJ_“%,L s IJ""“'L? ﬁlﬁiﬁﬁxirﬁlo ¥ 4\:@“}.*&5*]”‘*1“‘&4\ ’ m%‘%‘d
KIRCA AT ek SR R e R R B AR R & IE
KR AR S P ARy TP BERC T 4 RPRFEF 2T
iRk F KR R B2 ks
8. 2k p SR FARRBRMREAHLE - RF1EH 2 BT BHRA
SEHAB 2L FERT » RKEAYS L FILL LR (TL K GHF AL
FERBLAE
S AVRIEA L L R BT LARETR Y 0 G 2 e F WiE
oA REMFRF AR P RHEE A FRokEET - H

=t

- ML AREF L R P B F1L % - & =& 5 Local Knowledge ¢
B R ARSI S TR R o Blded KR s o A R
BYE T RGBS SRR RA  CEFRRRE S O P ER S ERETE
ARl AR AT R ART R L REATR N T p R E
FREFCMERE G

Bk AR EP AL R BRI REA TR bl
MAARFF BRI PRI E S RFTEYR IR BT PR
A~ AMR %"ﬂﬁ...aiiﬁ?&f:;f’r;;ﬁ RN SR E B

ngﬁﬁ%v}iﬂlf’fovt * l%g?v‘dsb‘”’?t/f’ﬁ?éig‘ﬁs B

222



-
I
5
=
=
-2
-
TR
J
1T,
_Y
ExY
)«m
o
-

I
|
2

—
N
&
*D—'
-
A
I
(-
3

N
()
Y
dat
1)

flm
c
piks
=
5
2
N
P
fié
)
:\ N
|~
>
|
b
&
3
=4
IR

73 A REH
FRARET AT A RS R e 8 10 B #-RA RokEHE
4 (4cH) 186) L E3r SCADA B L2 F B pd e » i p ok g
FEC RSP R

AT E R ARG P B A A F AR B BT e (iR - fR4T

S
%

LRFIHE » P s TR SRR TE AR T D (TR 2 B
B bR TREA PR R R MBS ATV L RE
gt AR ¥R R N R RATEL N P R 2 E ke R

FRBRREY  SERFVEEISE IS LAET IR DI H K]
K S 4 KR B 10 B Bk A TR A PR A R TR R (T
R

BATHIER Y b ok s HIRAFRE > A AE SR

Fooplth > T BERHIAIE ZE D o E T RITE L o A

\
o
i

Tl o VP EFATERAZ DR A S g > U EHEY Tk
Boal A 47 o @ R Al R TR SRR R BT
BEEFFRLE Y #2 (ATARTERS > AR E RB T2 RS KA
AR o G TR AR R R oot o

P
IS

AMATHFET Y TR A REA R R RA RN

F_&
T

FEFLBLAEEFERALA P RHPT TR RFRIPERE R
2B AT R SR A TR KRS RPIKR S A R

oo TR ROk E REAFEL FIap o

223



AHRRETE
| B2 K53 &

HERE

Ny BE0ER
* (13k)

P

B 186 &~ FrfgeE > H s 10 B -k A R R AT

224




10.

11.
12.

13.

54 ¢
https://plus.maths.org/content/daniel-bernoulli-and-making-fluid-equation
Quentin B. Travis. “Relationship between Hazen-William and Colebrook—
White Roughness Values.” Journal of Hydraulic Engineering Volume 133
Issue 11, November 2007.

Introduction, Theory, History and Basics of Water Distribution System
Modeling. EWRI World Environmental and Water Resources Congress.
Minneapolis, June 5, 2018
http://hydraulika.f....cvut.cz/Hydraulika/Hydraulika/Predmety/HyaE/ .pdf.
Malcolm S. Mcllroy. “Direct-Reading Electric Analyzer for Pipeline
Networks.” Journal (American Water Works Association), Vol. 42, No. 4, pp.
347-366. April, 1950.

Lindell Ormsbee. “The History of Water Distribution Network Analysis:
The Computer Age.” 8" Annual Water Distribution Systems Analysis
Symposium, Cincinnati, Ohio. May, 2014.
https://www.geeksforgeeks.org/program-for-newton-raphson-method/
https://www.youtube.com/watch?v=M8f1FNgeq70

Dandy, G.C., Simpson, A.R. and Murphy, L.J. (1996). “An improved
genetic algorithm for pipe network optimisation.” Water Resources
Research, Vol. 32, No. 2, Feb., 449-458.

H. Monsef, M. Naghashzadegan, A. Jamali, R. Farmani. “Comparison of
evolutionary multi objective optimization algorithms in optimum design of
water distribution network.” Ain Shams Engineering Journal. 10 (2019)
103-111.

https://www.hazenandsawyer.com/work/projects/dbp-for-nyc/
https://ascelibrary.org/cms/attachment/e951abc5-ab90-4b02-ac19-20085a2a
lele/2.jpg

U.S Environmental Protection Agency. (2018). “Deployment of Real-Time

225



14.

15.

16.

17.

18.

19.

20.

21.

22.

Analytics and Modeling at the City of Flint, Michigan Water System.”
(Technical Brief), EPA/600/S-18/353.

Jacek Btaszczyk, Krzysztof Malinowski, Alnoor Allidina. (2014). “Optimal
Pump Scheduling by NLP for Large Scale Water Transmission System.”
Proceedings 28th European Conference on Modelling and Simulation.
Brescia, Italy.

Stefano Mambretti, Enrico Orsi. (2016). “Optimizing Pump Operations in
Water Supply Networks Through Genetic Algorithms.” Journal AWWA,
February 2016 108:2. American Water Works Association.

Toru Nagatani, Koji Yasuhara,Kouichi Murata, Mariko Takeda, Toshiko
Nakamura, Tomohiro Fuchigami, Katsuhiko Terashima. (2006). “Residual
Chlorine Decay Simulation in Water Distribution System.” The 7"
International Symposium on Water Supply Technology, Yokohama.

Jae Chan Ahn, Su Won Lee, Kevin Y. Choi, Ja Yong Koo. “Application of
EPANET for the Determination of Chlorine Dose and Prediction of THMs
in Water Distribution System.” Sustain. Environ. Res. 22(1), 31-38 (2012).
PREPARED. (2014). “Bacterial growth model in the drinking water
distribution system- an early warning system.” Report number: PREPARED
2014.023. Deliverable number: D4.4.1~D4.4.4.

| Fisher, G Kastl, A Sathasivan. (2019). “Cost-Effective Chlorination
Strategies for Drinking Water — Meeting chlorination disinfection goals in
drinking water distribution systems.” Water e-journal ISSN 2206-1991.
\Volume 4 No 1.

WA E > Er D R REE S BENEL F AR PRI £ AT T
JH101# R 3= B E Rk S F BTt g o

TER PRGBS PR RERAABTE SR 2T 4
PR e ERALTE FAELHFEL -
https://nepis.epa.gov/Adobe/PDF/P1007WWU.pdf

226


https://nepis.epa.gov/Adobe/PDF/P1007WWU.pdf

23. BA B A FEREF  HRBEIAE(-)p Kk 421995 -

24.108#10% 4p S8 p hok 2P 43 47 -

25 FIF GRBRT A BB KERETERET )P AEL &
ATk 15 106# 120

227



108# R & 3F T34

r:f*;n‘b}é j\’ﬁ’?&}@’}\ﬂ/}*%f@? A RAE

G Hp Y ER A

FHRHELAAF AL L2 PELH v &

tRZ2AAAR FHLH-A)
37 R4
H¥ SR RAT LIP o RF
— EML AR A7y eEudir
2 5 NLL R
: ir,“ﬂl'?iig~’°:"k?"””r” X% 1 FEIE o
5 o
ZQB Tl ;H"/,a\ % H 7 ’ EL'Q vay as .
£ B w ok *i’“\” BRHE BB 0 MK F A L R
2 {ﬁ‘i‘li%)fﬂﬂj\’} R 4 #\j\{?‘ _g&ﬁ};%ipﬂ. a;;r_‘_"- #E]FEU#'?’4C]E'X%
P\)‘J\?ﬁ‘ K/w\%ﬂ——%;&(lil‘&\?fﬁﬁ q}/»ﬂj{d’: 1 B H 12045
B - -
d S ERME KR pOARIZE EKRIR G
AR ATRD2PR AR F) 2 | SR R ok SR B ALK
3 TR AL 0 VR ER AD2PE | Rk o X BRI P RRTE
Vs I EeRsm o | B Flt Rt P ANSE &g *
WLEA L FApHE B AL |FBELR & (PRIGE) - Eafag e
AL AR RN R AL
EAE R amEek o d 230 p 5 RILa 4y
- BE R AIRT A A | W R KRR A 2B 2R
4 | B HRmAr 2 BEREN S | B wmZPr TR SHEF AP
TR By R KR B Rk KRR R
Mo Bt kmadd g LR
S 3k |
BRAIST BREP R | . )
; . 25 F% o0 o ML AIRA 225
1 @*%W%i%i*?%& ETRREE e S REL A
= -q_ET' °
-
o |FEEBELETIRGGS | EMHLAEE BT ERAEE S
Hif e L
fg‘g“)v: CARLPFT M
3 | HFEMAEAR S B | Bt B ek
)ﬁ&«i@
IHELE
1 | L& 8 EFF T | BHLAOF Lo
5 e ot N Sk —rré AExorgr iAo - T ¥esd
R R RRE T #44 Bentley WaterGEMS > it s &

228




poEAes 2R AR | REES N VREE LR LK
e ? WER L P ERR R R (E AT
2%%) > r 7 Darwinit @ ;g & it 2
> 52 ¥ — EPANET# 8 & p & b
o EFdmiE e R (4oSolveXL) o
%’#.%-rr—va FoBE o
255 £2% 5 d Ny A
B 5 RRIR R kIR Bi’jfﬁié *E:k?é/%lx >
3 ?"**@?&KFWMCWO BaR2AR o sk B B ECE
P I/I;_U;l’}’ag_L_ ﬁ):‘ql]:][»&‘ﬁ.mmo
RS
HARRLGFTHALUBERAS ED

AT UPN P EARAS TSR
A5 Rt EauE At LiE B
T RFIE (Bldoiz i kA 2 b
R ) R SR

RS T RS P ¥
Fb’:’\;;i”:‘ CAR¥HE B A'Ei,‘ﬁ ¥ ;’E?P?
BRI SR AR
B FHRTE B IELRAEZRYK

[

E‘

b= - (ESRRE - S JE N WA D B A 3 <
> ok R 2 M Fg o ; i oM A A Rl e K
7k ?#wﬁﬂhliﬁ#%iﬂm$
ZRe piiFEE o
¥ kLR
KEFM 2 RERBET 2 F YK
7 MPLO8R Tk B B kB R (AAk R AL ) £ R
AILTHREBRE G T G5 7J(—E~_igf§bbﬁ;:¢,ji#\{}%?ﬂ/%k
Bl ERTHERGLFEE | EREF KR CALELERE > 2D
(4 FlF B2 )38 2 &8 | § g kB EF LR TE N
1 [$dr kB (L& 8k | KEHEF LS - RIFEFRERL
Fhe ) He R % ﬁ%%ﬂwﬁphﬁﬁ’ﬂﬁ—tﬁﬁ

EE LSS VA DM S
ez - o BT R RIEACA| { pRiT
MG o

ﬁ_w’%ﬁf. BRI 6 AR C
?ﬁﬁwwuﬂkﬁﬁw%%
%3%&#%%@m’uﬁ@ﬁﬁ$y,

e
B

FRILGFTRY b feig & -KE o2&
EUERS LR LS A
I EZpN T RN B AR
{3

K2 RS Ak e

WL RiEZ o MU KEVER
FENEEIEZ P o d AP E kiR
KB TR KR AR TR TR
2 By SHEPFTAHRAE S vl

EEB P BICIERE o

—v\jj\ﬂ A
A SN SeU IRl LR

WL f SR o LR E T
o TR R A R
Tﬂﬁ—lﬁéﬁ$&n+“waﬂ
EFEGISHEERicg A kT ST RS
SCADA - MIS ~ AMR % e » 3k 32
AT G AEE A R i g
Pt r GA (B2 ) &

229




i o drtep i BORHE T AL | RBTRL LB ESY 2 Al
ZH o RTPPEFY D 2o PR WO R R -

reinforcement learning;# & /= > -k
BHEAVRFRB DL > el
B FOoR R p B i R
BA AR aART P w Al

= 3TF o

230




108 & & 407 5 3+ &

r:f*;n‘b}é j\’ﬁ’?&}@’}\ﬂ/}*%f@? A RAE

G B AL

FhLELAF AR LA LY R

TRFEILA

P

%1 f

P.5~P.15® % 4 42
IV R

T o

iR gk
B A e

\\&

Qliiﬁ‘g)

_L_E °

PA7~P55% 2 {2 =% » 2R €
ATt g o Al -

c A BRLBE o

P50k it N AT 7R B/ R
@-’_”, 3’#\ @E/@E#”% — 'g ’,13@_’9
A SR

1 ES EEE

M TR IE P ARE B ’Elwﬁ
L,@%T‘Bfggxgkﬁbgf§
DR %‘rmidfﬂ ’ "'T’ﬁ ”Ejﬁt"”fr" {;f-,—w
%Rfﬁimj\,ﬂz ;gﬁ; ¥ ¥ P72 - 3R
oA RERABD o

iiﬁmﬁi@?wﬁ&aﬂ,mz
o p i I EPANETHCA R 70 18 &
# o 2 B F AL Spatial 5t 4 24 g
Lk R SR P RS A e i1

B A o
P7~P55% - % 2. & L4 5
5 |2 Rthet cPABZ TR KAREY | REFLABD

P m g oo
RSy

R Sk A |

A LG4 K AR R
PEA B I&EF BEdiw
PO P e L R R RTH
22453

AL G A BAITLH G S
3,
REACT LY A EJR TR AR
Wl e RS g w1 18 d Rl
ERF LHAGMLA, » T EE 1P
ELEM;@F?wkﬁﬁﬁ,%
B e Pdp g 1R o £ OER
?ﬁ»g@?ﬁi’jﬁﬁ%ﬁ%ﬂ
GMM@&H%%ﬁﬁﬁﬁﬁﬁgE&
RERES R f%#(%iﬁfﬁ‘]?%i*%) °

S AT REPINT3 R KREH o

RF AT S R AR K
EHEAFTHE T EF eI RE
FEeFFRALR I (AR

231




R R 2 G

E4 > M FEE RBF A RE KA
AR T R

K=
I At

i;::r:}‘ °

ER TS

jxgﬂv**:,\.;%a&gtkh} FERCZ S
2 0 T8 % EPANET = # jpl3& p o
1 ﬁ%i%ﬁﬁﬁ’i4;§g B R e
i@o
IR N = S A -
WebGIS - F-:% 3 & EPANET ¢
2 INPA, » A k7 3 B & REN | SHL B L0 » B » Ak (e
FOT DB RS A S R |
SR T S LR R IR N
R3] o
Ak p RS | o RER AR TS
b R e b xﬁrgﬂ, Ak Hb#%/u ’ lb.ﬁil« %’_"{p Vﬁv%ﬁﬁrg]%g
3 A%Ff:iﬁi‘l’di%\»ﬂ?f"ﬁﬂ@a £k #AMR~ £ $:SCADA % #icdy
e . T T RAE RS R R 5 R TR
| FEPE 5B 4e b % L -
SELES
R ERMORERCA 2 B | LR R R AP AT R
RS KE) RET 0 RR | HERG G P IR ERA
TR e op B0t B 2 KRR *%ﬂi“ﬁﬂ%kmmﬁﬁﬁ“
FMA R RKRBER: TR TR P o T ARG "Et-ﬁ)sxv v d Web
k(RRRE ) B X | GIS  p B BATE B P L WA
Bhsg o w«aﬁ%«fWAaHaWé&o
1 ¥ i kR Aok AT KA
KA 2 T 47k % SCADAF # 4
s d A2 p @@E%?#B%F@ﬁ
%’ﬁﬁﬁ*%“’ﬁﬁi%“
sﬁfﬁ’%ﬂ%@&ﬁ;x
WebGIS,ﬁ RPN R E P oo Kl ﬂ%—
WARE A E A A o

SN

R AR S Bk A R L2 B

/s Bew R LR B | L
. :F‘x:“.‘vuiﬁ_,mp\?ﬁ,.l.&\(jﬁ;*{m BHE R eF o

B mEHF T
g | B2 ERME A AKAL TR *i*éi@ﬁm%k@mﬁﬁﬁ?

R AM S R AR T T

BREARGE TREFIYRWT

232




B AT Uit s jER g o
i NERES T

TRz pBART AR L BALA
CADBIA 7 U] 2 B FH A 3 K AL
(A 3R AE) 38 Sl TR £ AT
A maR LR EREREES
Pyt (3 fi%?&mﬁs%ﬁﬁm
A2 a2 e kI A (3
i) °

PRt AR BT 051
T E AP A 2T kg
Fo2FBDE S ~FF Ay kAT

Fo¥5.27 Egc L EsL R

v FMAe e AR ALLBE o
¥ 3 524 F G4 AP 4o
LRV A A fri
(6> BERLPE %

D R

PRER gl
Fl NP2 E N S DI

WP fE AT 0 A REE S ¥
(s hs) fopl € S8 & A
BHEREVIRPIZMEES P ?
Frow] £ iE g2 R # T G
o Fhe B/ hofeat ¥ 5 oK
i E oA AR kKo
PR & F7Y SR TR

EEOR AT RZKIERA P
PRES A AR
KA e AR SRR BRI 0 AR B SR AR
BT OrEK TR PR e
@jﬁﬂ@o

ARG 4 s H P G TR |
,k%fbb“ﬂsgfﬂ,ﬁq“g'%$@4ﬁj LE: SR LS LRSI
}%‘D’ﬁ?ﬂi:}é\;g}}% \'FF];—\"J(7;? ﬁ/‘gmj’-\;} s # E‘_' ‘g-r‘]
B ARt | e R TREE R BRI
A L
AT LA AR o Te i bedp ok TSR 2R PCRG B
AETHME e B £ 5 L AP RREREY ST M
Frwo B L ARCEE RS RN | g KRBT fOR) R (2m)s

" CRERAE L) 0.3misr T (g
BEE) s ki e ROk )E ok
ER(CKFH®E02mg/L) T3 & ¥
Pl 2 BE4E -

2. 4 RS ESFE A P KBEER
= :r# m&fﬁ O R EJF\ W E m?
AR HE S B(FE N 5 F RS
B g DA R (KetKy) 7 ik
F ¥ #K) -

3. ARG RS AN KA 410R

kA T AKIER Y b
*ﬁﬁﬁiﬁﬂ’aﬁﬁ&$iﬁ
Plisgd Fadler ¥ =
ﬁl%%ﬂ’%ﬁ e (e %

oo MAeig 1 iTdads o

2

EFLR
e " p L poFie S
H_aﬁ PR REERHT

PG FE A AR E
B e 2 A KT
SRR BRI LT HE G
AP EEG ELEE R
BRI

AP RERRAZIFFTREE R
fr g BES U R AT X CHE kR R
A BEELKAZ R ERG PR
BAEFTHEEHI BT o pME 2
AL BRI TR R FRIEFE

A ¢
R e

ER MR

233




A% i * EPANET 2 A# e 747
PR TN ) S
Frcg A 1 A2F 450 ’Mr**ﬁ
Z 1R EEpmE? LTy

L EAR e

EPANET % B k45 (Open source ) #1d.
BAEN G TR TR ARFER S Pw
CEV ALAT L PiREF D B

& VB ~ ExcelVBA ~ C... » 5 ¥ 1
Python ~ RzZ 7 =¥ =" EPANET % < dll4%
% > B ECEPANET & #7538 ey ™
FFRIRIEE > F A R A K kAR
Z LB EPANETH# 22 1 £ -

WobFERY G R RSE?

TR EZERELLS pME %

ol

?

1EPANET : gL 2 d 7 ~ & B4
AR SN A S R
FhmBEE 1L LEL o
2.Mike Net : 2k 5 % * B IR > # 0
VW EPANET % o 44 Bk 5 3 4c 3 Ll %
Eﬂt?@%ﬁ” " "ﬁ? TAEEER
PR R AL FH
3.WaterGEMS : 8L 5 # 5t = 2 5%
Lo pEREREE Y LR o2 R
{7 #B6HF R 2o 448G
BREA T UM ESF R
=% o
R AR RER Y > HAEL~3
® WaterGEMS > d % i3 % & 42
R H RT3 A
fe =P * £ ‘E EPANET > 4- 7
B E R 0 Lo T
WaterGEMS U2 4 47

FEM R A R do R R
2 B d zam}@w@i
7@—%% B3 7
i~ 4_56%#%4?

ki
%
L £

\\“‘ =N

FARAZATRALCY RA
PR A 2R RS P T B
FIE KA BRATEE R L AR
A MREHCGR S R EIRE AR o

234




