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ABSTRACT

Keywords: rainwater storage, stormwater management, smart internet of things
Purpose of the research

In recent years, due to climate change, the number of heavy rainfall has increased
dramatically. Also with the rapid development of urbanization, the impervious area
due to buildings and roads construction has been continuously expanded which
leads to increase urban stormwater discharge and frequent flooding. In face of the
uncertainty of future climate change and urbanization development, many studies
at domestic and abroad have tried to find the solutions and related policies to solve

the urban stormwater problems.

With the issue of Article 4-3 in the Architectural Design and Construction section
of Building Technical Regulations in 2013, which requires that rainwater harvesting
systems should be installed in newly, expanded and renovated buildings in urban
areas, a large number of rainwater storage facilities have been constructed. However,
architects design the rainwater harvesting systems for water supply and stormwater
detention separately. Many practitioners have proposed that rainwater harvesting
systems should be designed collectively to increase the benefits of rainwater
harvesting. In the year of 2018, this institute has initiated the project entitled
“Design of Intelligent IoT Operation Management System for Rainwater Storage
and Flood Detention for Innovative Buildings”. In the research, the design and
operation strategies of rainwater water harvesting system for water supply and flood
control objectives of building have been studied and developed. Through this
innovative design, both functions of water supply and flood control can be
considered collectively and improved the effectiveness of rainwater storage system
in existing building. Furthermore, to improve the effectiveness of rainwater
harvesting system in urban stormwater control and strengthen its value-added

benefits, application of IoT and cloud computing technologies to monitor and
XI
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manage water quality, volume and maintenance of rainwater harvesting systems
have been discussed and preliminarily studied. However, there is no smart rainwater

harvesting system having been developed.

The purpose of this research is preliminary to develop the smart rainwater
harvesting system and the research period is ten months. Through this research, the
design and simulation a smart IoT operations management framework for rainwater
harvesting system are developed which is linked to the results of the research in 2018.
A smart rainwater operation mechanism and smart IoT operation management model
for rainwater harvesting system include comparing and collection of relative 10T
equipment and short-term rainfall forecasting model are developed. They will provide
an important basic for the development of smart rainwater harvesting operation system

for stormwater management.

2. Methodology and Procedures

Seven items are included in the research and are listed and explained as followings:

(1) Collect and analyze the existed cases of [oT communication systems application in
both domestic and foreign countries and theirs related software used

(2) Collect rainfall forecasting model and disaster prevention warning methods in both
domestic and foreign countries.

(3) Collect and analysis the relative IOT equipment for rainwater harvesting system
including sensors, communication systems, and gateway, etc. ~Compare and
recommend the suitable equipment and the design of the system framework for
smart rainwater harvesting system.

(4) Propose the demand items and contents for the end users (such as general public,
maintenance staffs, general managers, etc.) of the smart rainwater storage system

(5) Explore the factors induced flood hazard and propose the flood disaster prevention
warning mechanism and stormwater discharge operation mechanism (such as

discharge time and volume) of rainwater harvesting system in buildings; and

XII
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establish the smart IoT operation management model of rainwater harvesting
system.

(6) Calibrate and modify the developed rainfall forecasting model using measured
rainfall data.

(7) Integrate the results obtained above and apply these results in the existing rainwater

storage systems for demonstration in planning and model simulation.

3. Major findings

Respect to spatial scale, radar method for rainfall forecasting will obtain spatial
rainfall distribution but grid boundary condition will affect the forecasting accuracy.
For those of construction site which has small area compared to the grid size, a specified
site need to develop a specified program to obtain the rainfall data. Respect to time
scale, radar method for rainfall forecasting will provide rainfall data interval more than
one hour which is not feasibility to the construct site scale for stormwater management.
For those methods including Radar, Ffuzzy theory, and Artificial Neural Network
methods for rainfall forecasting need more input data. On the other hand, Grey theory
applied for rainfall forecasting is superior than three methods mentioned above and
needs limited input data. Through discussions and consultations, this research

recommends Grey theory as rainfall forecasting model in this research.

Smart rainwater harvesting system for stormwater management can be divided into
two types: above ground and underground. The drainage system need to consider the
discharge outlet for above ground type but pumping system for underground type. Both
types need to combine with IOT system for data input and operation instructions.
Rainfall forecasting model is to forecast the rainfall amount for specified time interval
and check with the storage volume in the tank. If rainfall amount forecasted is greater
than the storage available, water storage in the tank need to be released. This smart
operation is used at the selected demonstration site and compared between conventional

and smart operation of rainwater harvesting system. The results show that the smart
XIII
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operation has dramatically reduced the total discharge volume, shortened the operation
period of pump and increased the benefits of water supply. If indices including flood
peak reduction rate, flood volume reduction rate, water storage ratio and time period of
pump operation are used for performance evaluation, smart operation is superior than

that of conventional operation.

4. Major recommendation items

Through this research, following recommendations are made for immediate to

short-term and long-term period:

Recommendation 1

Establishment of building-scale smart rainwater harvesting system and field test:

immediate to short-term

Organizer: Architecture and Building Research Institute, MOI

Co-organizer: Construction and Planning Agency, MOL.

This research has successfully developed the smart operation management model
for rainwater harvesting system in building. This model can forecast rainfall advance
for rainwater storage discharge operation. In the immediate to short-term, this model
can be applied and examined using field sites to mitigate stormwater and reduce the

flood damage in the urban areas.

Recommendation 2

Establishment of regional-scale smart rainwater harvesting system and field test:

short- to long-term

Organizer: Architecture and Building Research Institute, MOI

Co-organizer: Construction and Planning Agency, MOI.

For short —to long-term, the communication technology, cloud-based data operation,

XIv
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data information platform, rainfall forecasting technology, Al and big-data analysis
technology, etc. should be integrated and applied to regional scale such as community,
district, and urban or county scale to effectively reduce stormwater discharge and flood
damage. Also field test is required to improve the accuracy of smart rainwater

harvesting systems in flood control.
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DHL 3t - 0.5-120/s 4-20ma 25-1200mm | +1% 110-220V "20-60" -
FX 3t - 0.1-120/s 4-20ma 15-6000mm | +1% 90-260V "20-50" 1P68
ACF 6000 T L AEEr 2 ArUERET 3 ApESn | 0-1000ka/hr- | o i ) 90-260Vac |+ oo s
o | Series L A 106000k g | R85 15-200mm | 40, 1% el 40C-60C" | 1P6T
B -~ j ~ 1500~ B 5 B ) _ " _oR _
" | ALowur 1000000Kg/h | 4 20ma RS-485 40-200mm | +0.5% 0-250
«1‘] 150- 0, "0- " -
ALCM-MB - - o000k | 20 RS-485 8-50mn +0. 5% - 0-250
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FZR ZAFACREFE CAFE L BRI F KR SEE;
ALCM-DT - - 120~ 1-20ma,RS-485 | 10-200m | +0.5% - "0-250" -
900000kg/hr ’
FOMO6 A | LD EEUEDRRSERESLEIDE L5 000000kg/h | RS-485 - £0. 1% 36VIC "-40-55" -
LA FEATE AR 2420 h 7 HART &2
AVE-7000 - fgil o ﬁ(fl Z’e’gc 'jf*ﬁ;;ﬂ‘ﬁfi L f x ‘7’: Ei | 0.3-405m3/h | Rs-485 15-500m | 0. 7% 12-32VDC | "-20C-60°C" | 1P65
i
GTFM i 71 - - 1-1600m3/h | 4-20na 25-250m | 1% 24VDC "-20C-60C" | -
TR - - 1-20ma 15-200mm | £1% 24VDC "20C-55C" | -
DAVX - . ;gg WA 2A0% SHBUABEF | g o15003/h | 4-200a RS485 | 15-300mm | +0.7% 24VDC "~40°C-150C" | IP65
VI-FA 3 btk - 0.19-2150n3/h | 4-20ma> RS-485 | 15-300m | +0. 7% 24VDC "~40-150" P65
VT-JA 3 btk - 0.19-2150n3/h | 4-20ma > RS-485 | 15-300m | +0. 7% 24VDC "~40-150" P65
VI-FAC | 7 dhdn - 0.19-2150n3/h | 4-20ma > RS-485 | 15-300m | +0.7% 24VDC "~40-150" 1P65
v 3 ik - 0.19-2150n3/h | 4-20ma > RS-485 | 15-300mm | +0. 7% 24VDC "~40-150" 1P65
T m 3 ik - 0.19-2150n3/h | 4-20ma > RS-485 | 15-300mn | +0.7% 24VDC "~40-150" 1P65
A 5050 3 thih - 0-3. 4n3/h GPI 12mm £1% - "—40-121" -
S075 3 ik - 0.22-6.8n3/h | GPI 19mm £1% - "—40-121" -
5100 3 thik - 0.56-1Tu3/h | GPI 25mm £1% - "—40-121" -
S150 3 ik - 1-34n3/h GPI 38mm £1% - "—40-121" -
5200 7 thth - 2-68n3/h GPI 50mn £1% - "—40-121" -
THO50 7 thth - 0.22-2.2m3/h | NPN 12mm £3% - "0-60" -
™OT 7 thth - 0.45-4.5m3/h | NPN 19mm £3% - "0-60" -
™10 7 thth - 1.1-1m3/h | NPN 25mn +3% - "0-60" -
M50 7 i - 2.2-2m3/h | NPN 38mn £3% - "0-60" -
H200 3 thth - 1.5-45m3/h | NPN 50mn £3% - "0-60" -
FS-SC Polyaceta | 531 /min+ 1.5~10 L/min ~ 5-30 L/min 0-10V4-20ma | 3-30mm +2.5% 24VDC "0-60" - -

1
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HER KT R K

Moz AL on g2 B THRA

FS-S ggll}\//;r;id 0.53 L/min ~ 1.5~10 L/min + 5-30 L/min 0-10V4-20ma | 3-30mm +2.5% 24VDC "0-60"
POM ]
FS-C polyamid | 0.5-3 L/min ~ 1.5~10 L/min + 5-30 L/min 0-10V 3-30mm 2.5% 24VDC "0-60"
vON
| FS-N polyamid | 0.5-3 L/min ~ 1.5~10 L/min + 5-30 L/min Pulse 3-30mm 12.5% 24VDC "0-85"
* e
ij FS-AR gg)lxriﬁd 0.5-3 L/min ~ 1.5~10 L/min ~ 5-30 L/min 1-5V,0-10V4- 5 500 +2.5% 24VDC "0-60"
. 20ma,Pulse
TW-51 POM 1.5-25L/min open collect 6-24mm +10% 2.426VDC | "-20-80" IP65
GF800 POM 0.5-20L/min 4-20mA 12mm +1% 24VDC "0-60" IP65
NDO5 POM 0-3L/min gﬁfs“e collector | 5 »0mm 2% 324vDC | "0-70" IP64
ND10 POM 1.5-20L/min ggfsr; collector | 5 > 0mm 2% 3-24VDC | "0-70" P64
ND20 POM 3-60L/min ;Efsr; collector | < »omm 2% 3:24VDC | "0-70" P64
W-300 SUS316 | 0.3 ~-50 L/min gii Sve/ 420mAT € 3512 7mm +3% 24VDC "0-60"
W-400 SUS316 | 5-80L/min giz;g/ 420mA7 19 60mm +3% 24VDC "0-60"
EMS75 POM 20-1100L/min 420mA 75mm 5% 24VDC "0-50" P68
GF801 POM 0.025-4.1L/min 4-20mA 6.35mm 2% 24VDC "0-60" 1P65
eYeFSE | PVC 5-45233L/min 4-20mA 6.35-100mm +0.5% 12-30VDC | "0-85"
H-600P $S304 0.03-400L/min 4-20mA 10-50mm +3% 24VDC "0-60"
H-100AF | SS304 0.03-1200L/min 4-20mA 10-100mm +3% 24VDC "0-60"
# | H400M $S304 0.03-400L/min 4-20mA 6-50mm +3% 24VDC "0-60"
:u H-500FP | SS304 0.03-400L/min 4-20mA 10-50mm +3% 24VDC "0-60"
RAMC RS | 1.25-2166L/min 4-20mA 6.35-76mm 2% 24VDC ".80-130"
RAGN 5k 1.6-166.66L/min 420mA 6.35-31.75mm +2% 24VDC ".80-130"

(FHIR: *pF )

48




236 RRRA2FEFHMRE R EA

>
X
o

o

R s

AT 2 A

Y
Tk

[\
W
Y
oD
(&
o
G
B

AR R
ér#’ﬁ— 2 A 5 8 B~
" e W < 4 S (BB AT R k) i*j;ﬁn)(’ Tl wnew FRER ) eaen | maeaco)
i# 5
L EfRHE(FB/FF)  wacaf 200
i o f#45 8 0.10~ 0,20~ 0. 25~ 0. 50mm ¥ 2. ¥
) . SgRr PON M A MiF A b kgk o HEHF RS485 .
JRP-023 styrosun | 200c o STYROSN - #44/7 Fei 4 8 £ 3, 0. lmm (FHS S E) 0.4 100 V DC 0°C~60°C
AR /ARESBE 2K AR A S
KSR~ KRR B F Rk
.72 WOE R F *2fORE 2 3HER &
) : Bt o B 5 STYROSUN » wt# ~ 7 42 o RS485 -
JRM-002 styrosun | 200c nd 3 A F TS A A 0. lmm (FRsEE) 0.4 100 V DC 0°C~60°C
KA AR B R Rk
1. *h &g * styrosun 4 F » if * 2 R B
(10-20 &)
NB A BE s B L TS iR
00emgrog | 2 M EIUEFEIMT L TEERRFR | . RS485 N
JRS-042 styrosun . z 0.25+0.5 (7% 4 F) 0.4 100 V DC 0°C~60°C
: SLHERBRTHCI6-1> ¥} 5 ABRTHETE : : $ % 45
i L™ DT F A AT S EE
& AL St ?Q*@‘lﬂiﬁ‘g‘fﬁ‘f'fﬁﬂia%
X TK-1 7w 200c i LHAE 27ps AR E s SR +0. 5mm p BT R 0.1 300 VDC | -25°C~60 C
RS1-102 - 200c i - +0. 5mm p - 0.1-0.25s | D30V ~ 0. 54 -
Powdercoa U e - - g o
B
ted soscnpkig | 1 METRPRET REBE 0 kP A USE w5244
260-25000-A | srg £ R 0.1 it 0.1 24 V DC -
nodize M| 2 rEL ATy R R EE
aluminum
260-2500 - - - 1% - - - -
L RREGAR N v P SR AT B A
314cnoxas | FRET
NET-205 3 B CC“;] 2. kAT AFa il ReF L Wiy A 0.5 EREEEEM | 0.1-0.2 200 V DC -
B R E BT
. EAME SR RF
DataRain- .
4000 - 200c m - 0. Imm - - - -
52202/52203 744 | 200em2%¥30 | L] BB Tl Arfode .ok T o ST RED A 0.1 EEBM - 24 V DC -20°C~50°C
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SRR KR AR AL AR A R TR T

cm 2.1 B ARl G L R bR
T RIE R
AR R ol ¢ FaREE > %k
Fo e g * s S A B
Heavy L. —?F'?i'f* £ AR R
duty cast | oq5 oug) 2 R R ST SR
TB305-1MM aluminium S 3. RE %iﬁfﬂ AET R ff“i ke Ak 1 ¥ LB - 24 V DC -20°C~170°C
Powder : #
coated
BiEs v
fods £k 1. £ 948 A o109
% " 205 A 5 R g ) ) ) ] ]
TBA Mg | SlMenzt33 2 RAR D RS R RS 0.5+ +1- EE BN - 24 V IC 4C-10C
E cm 3. 8 F hiweniaik 0.01Cinch)
ASA B & # 47 e BT HR '
4544 ABS
&g i
fods R 1. £ 948 w40k o102
* bi 3y X% A 55 B eh PR ’ ’ " o 0
TB6 M | SMen2iE3 ) ZRARG RS BRAES 0.5+ EELRM - 24V DC 4C-10°C
FLk b cm 3. R g bFaiak 0.01(inch)
ASA F & # A g TR R e
4544 ABS
Uv-
resistant
ASA . ,
Ground L&A A8 Tk
saophire 2 MRER D LR R
. 314cm2%31 | 3. © g S iFeniig 0.2~0.5~ 0w B o e
TBT $;¥T$§ cn 43 % e TR e R 0.01(Cinch) Rx e mu 24 ¥ DC 4C-10C
impregnat 5.5 P LR LAE
od 6. ¥ jpie 7 o & R F
injection
moulded
TR-525M - 450c m - 0. 1mm - 0.1s 30vdc "0°C-50C"
LAREga g s 230 B
SUS304 31 den2%45 2.7 LR E R ag*fr TR EL R
WB0015 it i A9 4F on 3. iBIRBELE. FHT F] A ﬂ'»i*% e 0.5 T RE G 0.1~0.24 500 V DC 5C~50C
¢t & BEFAL
LAEBIRPNTR TN EE L F
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1

i

AP A kR

KRR GRS

Pluvio? - 200-400mm | 1. & * % A 2.7 HAEH § - £ cha B #cdh 0. 01mm SDI-120r RS485 - 10-28VDC "_40°C-60°C"
' L@r &4
72‘?‘ Lsengsa | 2 AR 0004 F A p 0 G R gk & D112
OTTPIuvio2 se % o EE VRS VSIS F WY SO T 0.01 oy - 10-28 V.DC | -401C~60C
AR > Pt . >
fEE 3. % fﬁ.{‘:“‘ Bl
i ASA 45 HBTE L OR E HT
. N ) I %@1%*‘ £ K @R E - d GEONICA {243 WNO &1 Dl 12
DataRain- 3 gy | 200OMHS0 | R (R Ref) 0. 001 RS232/RS422/RS4 - 9-12 V DC | -30°C-60°C
4000 % 5 % cm 2N BRRIFET R LA 85
A“ﬁ ﬁ 3. ?%%Lélf}%';w /A}if%f”"aﬂ"
SJ-1 - 200mm - 0. 05mm ) - - 0°C~60°C
b st o e | LEREAE - FAS GRS BAF AN
! JFZ-01 ;ﬁ”f‘f e P 0.1 RS-485 - 12 V DC 0C-50C
REF o 3.8 B LERERGAN LA
Lﬁﬁ+*%%£*wwé£
RS-100 PC TxTkI2eng | 2 THEE IR 24ha T 0.1 §§§§‘3 - 12 V DC ~40C~85°C
AT ER - BB EBRHEE CTEREES ) CPRS
2
RS-
B - - - _ _ _
# | RMS2000 0. lmm 185, GPRS, wi DC12-24V
l.ZAFEERESD
3 ~ , T3em*¥11.5 | 2. RFL XM E > a3 > RBRGP LA ~ AN BN
4 ORG-815 WEHE | o6 dom | 3 5055 10 0. 001 RS232 12 V DC 40°C~50°C
" 4 i BB R A B
' * A 10cm¥10cn | 1. B @AY 7 a7 € & $d(Aad ~ F 545 %) o po
-\ — _ — ~
};{ RS RD-80 e Sl e S i S 0.3-5 RS232 9-18 V DC 0°C~50°C
~ L& A5 Eoplag
Mok 7 ~ 60cm*60cm | 2.7 X b ~ ¥ FFEB - AEBRBREL  AFFF 7 RJ45 ~
& MRR-2 PC woen | % 0.1-6 R52%2 10 24 V DC
3. EF AT 6000m ¥ B4k 30 B A K
TR
. ] @21 6cmx | 2. 97F BHFET P Hhdk . _ 7 ~90°C ~75"
o ISz 7 Hhilh . A S 0.1 RS485 12 V DC 20°C~75°C
4 BRARTRIE WA R

(FHIR: 27 F ¥
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T Bl I i ) g e H SAmd) e W | w |@ | ) <)
" (o [l [0l | dn .
min ax.
) 9.5 u
S BE R G | v | 45 2K18. TR 1 220 10
000 N g 07 |37 |28 |- |2 Rl AR bl 14914 60 3 220/380 | 6.5/4.2 |
i ' A i L OER R SR
R L s e | P €T RS Max,
2200 | 0.27 | 42 |3 - 3 CRRR g EReEET A B TR e kmatepakma | 22311 | 60 3 220/380 | 9.5/5.2 | +40
1q . ek FABHE | 2.8 AR L ;ax
3. EppBEERT RA 13, 8/6. .
DL g R S PIBTL ) s v s | 37285 | 60 3 220/380 | o +40
0 | 0.27 f 52 |3 |- 5| PAgHF | 2.8 B ;;[
4. Ef40iF 65K 9.5 ax.
Q1500 SR F | B | 45, 2K18. TH2 14914 | 60 ; 358/380 Yy | 0
(=i 025 |20 |16 |- |2 |t NPT O 5.2 |,
i
Fit) FRINH T 10,0 / Max.
(O I I CRBRA G HHE )39 123 3N 5.7 | 60 - 10220 | +40°
| s otz etk £ % 306 1.6 Lo c
" ;%}ﬁ“ﬂ — 2. EKEEE R .
S e 7N 4 3.5 6 B 0/ .
i - A RA 3 ERER AT 40. 9%23. 3%1 745.7 60 _ 110/220 éoo +40
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LAFrEERGRER
Mook okRA R
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09/13/06-09/14/08| 15 | 269.5 v
2008 [09/14/13-09/15/04| 15 | 266.5 v
09/28/06-09/28/21| 15 156 v
06/04/05-06/04/24 | 20 145 v
07/25/15-07/25/17| 3 99 v
2009 [08/12/15-08/12/17| 3 | 113.5 | ¥
09/28/22-09/29/07| 10 122 v
10/05/09-10/05/22| 14 | 63.5 v
06/21/14-06/21/19| 6 | 102.5 4
08/12/14-08/12/15| 2 59.5 v
2010 | 08/16/15-08/16/16 | 2 66. 5 v
08/30/12-08/30/23| 12 106 v
10/21/12-10/21/21| 10 100 v
06/25/03-06/25/10| 8 96.5 4
0l 07/13/13-07/13/17| 5 73.5 v
06/11/23-06/12/14| 16 | 325.5 v
06/16/14-06/16/17| 4 | 126.5 v
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06/23/16-06/23/17| 2 60 v
07/12/23-07/13/06| 7 78 4
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08/21/04-08/22/05| 26 221 4
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08/23/15-08/23/18 | 4 | 134.5 v
08/29/08-08/29/17| 10 | 57
08/31/14-08/31/23| 10 | 107.5 v
05/20/21-05/21/22| 26 | 251.5 v
06/05/23-06/06/05| 17 91 v
062920063002 6 | 65.5 v
09/21/21-09/22/05| 8 92 v
05/12/04-05/12/07| 4 59.2 v
06/14/15-06/14/17| 3 64.4 v
07/23/13-07/23/15| 3 64.9 v
2015 08/07/24-08/08/11| 12 | 307.8 v
08/18/16-08/18/18| 3 88.7 v
08/27/14-08/27/16| 3 62.5 v
09/28/14-09/28/24| 11 187.2 v
10/02/03-10/02/04 | 2 58. 6 v
05/16/06-05/16/08| 3 65.9 v
06/17/16-06/17/21| 6 81.5 v
2010 09/17/15-09/18/07| 17 75.4 4
09/27/09-09/27/20| 12 173 4
05/15/14-05/16/15| 26 72.5 v
06/702/11-06/02/14| 4 144 v
2017 | 06/03/14-06/03/21| 8 | 153 v
08/02/14-08/02/15| 3 | 100.5 v
10/12/09-10/12/22| 13 | 108.9 v
07/10/19-07/11/19| 12 | 102.3 v
8 o8 18000821 4 | 140 |
e 51 Tis | 3.9% |25.4%[19.6%|11.7%| 9.8% | 5.8% | 25. 4%
(FH KR 235H 3 %)
2443 KPFERVFR 0078’ /M2 R R PR G4
H P PO U P P T
pE R wpE | A g
& | 22 | 3 4| 35 | w6 | 26
(r/p/m) (o) | %
g7 s | T IR PR R R
O O . L B
09/13/06-09/14/08 | 15 | 269.5 4
08 g/ 1a/13-09/15/08| 15 | 266.5 4
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09/28/06-09/28/21 | 15 156 v
06/04/05-06/04/24 | 20 145 v
07/25/15-07/25/17| 3 99 v
2009 08/12/15-08/12/17| 3 113.5 v
09/28/22-09/29/07 | 10 122 v
06/21/14-06/21/19| 6 102.5 v
2010 | 08/30/12-08/30/23 | 12 106 v
10/21/12-10/21/21| 10 100 v
06/11/23-06/12/14| 16 | 325.5 v
2012 1 06/16/14-06/16/17| 4 126.5 v
08/01/20-08/02/708 | 13 | 163.5 v
05/11/704-05/11/17| 14 | 142.5 v
08/21/04-08/22/05| 26 221 v
20t 08/23/15-08/23/18 | 4 134.5 v
08/31/14-08/31/23 | 10 | 107.5 v
2014 105/20/21-056/21/22| 26 | 251.5 v
08/07/24-08/08/11| 12 | 307.8 v
2o 09/28/14-09/28/24 | 11 187.2 4
2016 |1 09/27/09-09/27/20 | 12 173 4
06/02/11-06/02/14 | 4 144 v
2017 06/03/14-06/03/21 | 8 153 4
08/02/14-08/02/15| 3 100.5 v
10/12/709-10/12/22| 13 | 108.9 v
07/10/19-07/11/19| 12 | 102.3 v
2018 09/08/18-09/08/21 | 4 140 v
= 25 T3 | 0.0% [12.0%)16. 0% | 4. 0% |12. 0% | 16. 0% | 48. 0%

(FR%A: 23 h 3 %)
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FER KB b At a ¥ § L2 B R

ks 20 A4 FREJEIT VIR TEFEE TP a0 A F L FIER
SUFFLR 0 ERTERIRCBEHE 10445 - LT L H PR

o8 2HPRLEFE AAFEL LA LR XK TBI S
#

E@%?%%%ﬁ%&¢%%ﬁu%%L7argg#ﬁbﬁyﬁﬁﬁy

TRABNHEFER R A R R RERFEAFEIER TR
KR TR I MPRPUFTTMEGE F T4 > A FE A FELE A D
RERH P R IEARD BT IR ELFEZIT P 7T A EMSAFE D

&R

AESHZ AL A RPFE LR 2 AR TR T A L A R R
WA RRITE S BINSEFH > HFop Foop o

(1) & RPEpris

%éﬁwf“ﬁ‘kq+#f“% éﬁk*kﬁﬁ*&wﬁﬁé%?fﬁ
ST vk S E ) PFLE A FE R KR § FIT IRPREE A
%ﬁ%%%%%ﬁii%’#éﬁﬂﬁlﬁw%ﬁm?* BT, P ERL R
KEFE CAFEA L F R A G SRS PET BIAFRRE 7 30
T RONE A E BT R R hE PR 10 A TR RS A kT
BRI E T L Akt andk (TR o

;E\

_‘J‘J}

(2) A ki

Boav e F o300 PO b AN AR R B TH e 2 A RIETRE T A R
AR R o et TR A A B R AR T R TR | T R s
g % 00.0000173 cms/ m' > TATA B B S F R AR E ACKRTF 2 @ E kAL T
FARM R Y TS | R i g 5 0.000019 cms /m’ -

BHAFPER RPERERANTET 2 - LR G S ERP R KRR
f;r’_«:ta J\? R R G = ;gqa.—r—\g-”gf,,a J\?T%u lﬂgﬂ?—a ]\?;wmﬁ\

AR 0 T M A R R P R
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Fu g ERAFACRIFE F R A A F RN 2 2 R A 1

CEGAEAFA R E AR EA R E R

FEFEI A kP RBHTE LR SFEAN DA R LR
) AR BT e A 10T E R E TR AL A KET R
ZAESFBREITEIE ARG P R WA ERB R AR R
HF IR R R R PR (TR T B Rt T R Y A
KPR EZ T RIVERRER A BFF o BREFEe(4-16)977 0 £ F

R e S e

Q =a X Zgh (4_16)

AR S ] B AR H G S 500 ekt RgFpcd d
0.00865 (m'/s) » #+#H7F % (2% kef L& FACE R A 17 > # %4k 45
S o FUPRA TR B FE TS e 2 2 REE A A Im e b > 1 E LT 2
Ry SR WS S T VUL S T NI GG e
fE5 It ieRE -

245 - FRIEERFLLFB RN

nt 'E' (Ill /S) h(m)

d 0.5 1 1.5 2 2.5 3 4 5

1/2"  10.0004/0. 0005{0. 0007{0. 0008{0. 0009{0. 0009(0. 0011{0. 0012

1" 0.0016(0. 0022{0. 0027(0. 0032|0. 0035{0. 0039/0. 0045{0. 0050

2" 0.0063(0.0090(0. 0110{0. 0127]0. 0142{0. 0155{0. 0179/0. 0201

3" 0.0143|0.0202]0. 0247]0. 0286{0. 0319|0. 0350{0. 0404|0. 0451

4" 0.0254(0. 0359/0. 0440/0. 0508(0. 0568|0. 0622(0. 0718|0. 0803

(FHLR: k355 5)
B, ¥ TRAZASACKETE SRR KT LR P AR
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TERRFE AL EAL A E R R IFERS Y

B3 RN PR RGNS 4 2 B R P G R kP
PLEFF O SRAV IR ZFRECHAMRA LA EREF S ERTT 2L
Rt BB R R R RS R R A E T

L MSTEE G IS Sl S S il ' F AR

SH, = 0.222 %%
N.

(4-17)

p
J—(\Z ¢

SH,: 5 4 (HP) ;

Q: & if # -k £ (n'/min)
hL: 347 42 (m) ;

Np oo e 57 % R & e RF cnd i o SR -

PSS 56 BRAY R AL H00m > fed FEpac g L
0.00865 (m'/s) » »c fadk 5 0.5 &4 R iFend 4 2 Pieie 7o B A
$5 0 BRIk 46977 c R A TS B P A L I0nhFRT o E 8
A 5 3HP v b B g R AR S AT Ay g ffE S L3F g 0.00865
(0'/s) > #eiE 4% 3P 11 T chf 4 B FR3 T 7 % LR -

%46~ 53 2PR2 VLRSI

g (m/s) h(m)

5 4+ (HP) 10 20 30 40
1/4 0.000853 0.000427 0.000285 0.000213
1/2 0.001707 0.000853 0.000568 0.000427
3/4 0.002560 0.001280 0.000853 0.000640

1 0.003413 0.001707 0.001138 0.000853
11/2 0.005118 0.002560 0.001707 0.001280
2 0.006825 0.003413 0.002275 0.001707
3 0.010238 0.005118 0.003413 0.002560

(FHRLR: 23+ %)
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TERRFE AL EAL A E R R IFERS Y

~ BMETE - ERGY - ke
BBHHER (R HE)
EMRESETc=5min

tIFZ AR Q)
REFRAREBARE V(tedf_t)

v ¥

FAIATRE- B E>FIR 2/ ‘ ‘ FRARE-SHMES ®ERER
\
FRUEHO

0Or=A0¥((2*9.81*H)A0.5)
S(t+1)=s(t)}+Q(t+1)-Or(t+1)

>
3

s(t+1)
spill(t+1)
Or(t+1)
Out(t+1)

td: % @& ut pF(min)

te: R B (min)

s(O):tAF 2 P k£ ()

S tHLE % 3 A ok £ ()
QCt): tpF %) » 55 £ (m/min)

QU+ t+1p% %] ~ 55 & (m/min)
Or(t):tpF%]at o k£ (n¥/min)
Or(t+l): t+lpFz)at & (n’/min)
STOP Spill(t) st 2] i i & (n/min)
spill(t+l): t+1pF% # (m*/min)
Out(t): th %] m*/min)
V(tHdf_t):t+df_tpF %] B 4 » i £ (n?)

B 42~ Bk ifihy & S FERE FRGFHRIE A 2RI ER
(FRXR: 23+F %)

(2) Fit fheip T R E A F (R SRS
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rE ZAPA KRR FRZFEL A E F BRGNS 2 SR A 4T

REMADE - BEE - ERGE - BGEKE
~ BUEHEBEE (RATHENE)
SRR Tc=5min

tIRZIAR Q)
REFARREFARE V(t+df_t)

v v

‘ FRARE-CH R E-FIRER ‘ ‘ FHARE-CHIEs R =R

RENRE

pump=p1
s(t+1)=s(t)+Q(t+1)-pump(t+1)

AR iy AR
s(t+1)

spill(t+1)

pump(t+1)

Outihl)
td: * & £ pF (min)
te: & in R (min)
s(O:tpE i N k£ (')
sCtHDt+1p% 20 41 4 -k £ ()

Qs tpF 2l » 7 (n'/min)
QUt+1): t+1p¥ 2] » & £ (m/min)

pump(t): tFF %] & if 44 4 £ (m®/min)
pump(t+1):t+1 Hi i 42 (n3/min)
STOP spill(t):tp¥%]i w/min)
spill(t+1):t+1pF L £ (m/min)
Out(t):tpF %], (m?/min)
V(t+df_t): t\dr _teEn) R o R R ()

W 43~ FHEFOP T NFEREFEEF B R E) BRI AR
(FHRXR: 235 %)

2. FURPFEFEERGE L RES

A EBR-PAIERAR 2 F6) 0 AE G A S 500m? s AR pERP T
HAE S 350m? s 2L A A G A 5 150m? 0 A Tk 100 4 0 HE v ARRE M v Sk
drd 47 #1 o REMB L R EORE SKE A CRPTE RS 0 L ok R AL
B ACRREFR A RBZATEG LR PR FES 10m' HAKRE S
RACE 4-4 977 5 M UEE AR TN R CRETR KA R o A BEPR
» AR TRGEZ R R P RE - Rk R 5 39m’ 0 B AR B o R AcH

4-5 4757 o
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Ea kprh A a 4 02 TR g

2 4T~ KFH0(2PMP 2 Sk

R4 EREY B0

BAR G A O 70% 30%

L 0.85 0.5

# f# (m?) 350 150

A\
>
N
0]

= N = N
R
> Q = A
AN W ER \’\\\e
N3

NS
P

S0ON RN
oo
2

00, SANESY)

I&N
VAN

LSS
N
L
3
%

BEY)

W44~ R 2 02 ko o S a kerg A AREFAR
(FHRXR: 23F+ %)

W45 - R0 FEEre TR KPR AARTTAR
(FHRXR: 235+ %)
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Prd EAFACRFE AR FEL AL F RN 2 2 B R A 1T

At E R G M- B S AT R TR E EH 201587 I8P

- B R pE 150 A 480 B A F L 83.5mm A o LA G L IRT)E

fSHIE A B BRE AT E LD BRSBTS Mg
HaAH 12 R RARBF AR R BN i A E L F LR
PR TR BT BT LF Rk & FpEE 10 A 4B pFEEE s £ F

HLie 17 R o
3. ,, 3:‘05;;1 »J:;.'. #F‘*}“
B A CRF ()ROSR TR 90eE 3R AP LR T T 4R GRS

FoRGF(F)KOF AT TN T 200 E o P e
(1):% 2% 2£ ¥& p* B (Flood peak delay time)

Tt AR BERH AR A LE PR 2 R R i B iﬂb’ELIE#ﬁ*%éﬁ*%\frﬁ@Fé?ﬂ&

Flood peak delay time = toy,, —to, (4-18)

(2):% *& ¥] i & (Flood reduction rate)

PRl AR RE K A TE A 2 P 2 R R B R A 3R Ap iRAR < & T R
BT E ARAF o

Flood reduction rate = sz?ﬂ x 100% (4-19)

m

(3) T B A ] 5 (Volume reduction rate)

PG AR R B A A PR 2 TR RN R R A AR X A T S

A B AR S TE A

Volume reduction rate = w x 100% (4-20)
Q
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EAREE PR AERAS A E IR R ITHIRS T

(4) % -k  (Storage rate)
R 2ot st B8 AT kol R A AR S A BRI

S0 Ak R
koo £ AR o
S(tend) (4_21 )

Storage rate =
Smax

S(tena): & Rk P kR
Smaxi 87K % £
(5) & iF /3¢ v & 1¥ pF & (pump/orifice operation time)
PR R R P EA N AR Ao N R (TR SRR g RARE A T H (TR R

L, iiééﬁv&} o

pump/orifice operation time = Ziilpump(t)/orifice(t) >0 (4-22)

4 E
2

pump(t): & if Nk g
orifice(t):3t v A1 &

4, B~ 521G

2 *ﬂﬂ}&r&&@?ﬁfi%k%ﬁ%%ﬁ%ﬁ%@iﬁﬁ%®@ﬁﬁﬁﬂé
Fewn Hp WO A F VNI G0 EE VR R @ AT E G R E Tk SRS PR R
Eond A B 0 P VR RS GEA Y F LN LR R
BT AFERE IR IRAF NS EFETJ AT

EnPER R B A g N DR E S S R R H B RAcd k2

N

A TR

48 WP RG22 ¥ G S HES R FEAEA L RL

R R
= Y=
O] R S| DR M AE k F|at oo

(min)

o
=

R 253 &
(%) (%) |(%) P& ¥ (min)
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BOLBCR IS & 2 2 R A 4

F s ke 80 42% 47% 100%
B gt FE A
. 86 49% 45% 96% 54

(FHEXR: 23355 %)

2r 2L 2, ) - v ”’l 5 .
249 KPRV P e SFERE P EIRS SR
I = _\" = 2, 4L 4 S OAS
Boo R ks FEAEER
R £ 135 1358
13 13
4
i
, /
7}\ J / 125 25
>3
, ¥ A St —_
[t 12 E 12 E
H H
§2‘ 115 1.5
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L /
] / 11 11
i 105 105
/
//
Z " L L L L I L 0 I I L L L L L 0
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
Time(min) Time(min)
05+ — feaFHER |4 05 F feaFHEE |4
[}
[
4 L0
1 L | L
2 0.4 T 0.4
— U —
RS = (Y £
e E [ E
S 03 1 1 = & 03
£ i 4 E
fﬁ' <] [ /A <]
I | r_/’ \
L ] 1 L
2 &2 1 / \ 0.2
g IA | 17\ I~ / \ : l
1 [ !
! | [ / Nof L“\i vl
0.1H U Y = & 0.1} iy
II [ \‘
| \ N
I =50y =
0 L " I . . L : 0 A
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Time(min) Time(min)

(FHRIA: 235 %)
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(o)

e 8
pE R
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B I
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