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Fig.1 Regional river network
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Table 1 Four daily precipitation conditions

I SR ke
Pricipitation combination
1 2 3 4

24 h R

111 111 142 142

Precipitation in 24h/(mm-24 h™)

SR

Lh FE 27 36 27 36

Precipitation in 1 h/(mm-h™)
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Table 2 Regional station groups
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Pumping station group Pumping station number

#5141 Group.1 2, 3, 4, 5
%24 Group.2 8, 9, 11, 12

% 3 41 Group.3 6, 7, 10, 13

%5 4 41 Group.4 14, 15, 16, 20
%55 41 Group.5 17, 18, 19

%5 6 2 Group.6 1, 21
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Table 3 Level set of test subject
i I AKF la —I&PEW 0.5a — I8 J% R
Group No.  Test level In 1 years of rainfall/h In 0.5 years of rainfall/h
51 4l~ 1 B HLAL I “ 42T 1 h-f541 45 min” (K77 PR FrATHLALEEIR <27 1hA3HL 1 h” 177 U6 5
W54 2 FraNUALIEIR T 3h-22TF 0.5 hA#HL 0.5 h” W7 IGER  Pradlaliciil “ I 4 h-42JF 0.5 4= 0.5 h” 15 LIGFR
No.1~5 3 FTANER “HIT 1.5 h-2TT 0.5 h-fEHL 0.5 0”7 WF R PTANLALER “HIT 2 ho AT 0.5 hofEHL 0.5 h” 1y SUIEFR
1 AFEARTFHL AFEATFHL
2 AN RBLET] 3.2 m I, EIFR 450 AN KALET] 3.2 m I, EIFER RS
Fedl 3 FFANKALIES) 3.2 m i, STFRHESHR EFAMKALIES] 3.2 m I, A TF 22 B 450K
No.6 4 EFANKALIES] 3.6 m B, EITFRIHRELEH EFAMKALIES] 3.6 m I, -1 22 18 5 450K
5 FFANKALIER) 3.6 m I, TP R LR FFANKALIER] 3.6 m Iy, A TF 4 45 0R
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Table 4 Effect degree sort of pumping station groups to
optimization goal

SemHe Y Euligi IR HE
Effect degree sort Group number Test level sort
1 Hodl 1>6>4>2>5>3

2 ERE 1>2>3

3 Ham 2>1>3

4 o 3>1>2

5 sl 1>2>3

6 B34 2>1>3

RIHE 4 IEAZ T EG AR, 4L 6 41 uAl
55 1ALt 3 0 HUHE A4 1T 3 FIHESS A 2 BOIR B KF
LA R ity 2 359 306 ] e AT 1) T U 2 4 7 ol P 3
PACIZAT T P s CRBIE 6 Friatr s %, Hbte
GHHWRMNIEATHS) « MHAREE R
AT G 5 EF ANATIE P et 000 B 1t PR K (o T A
ISR AABAT 5 5N HF AN I de e KA I 5 B A
TTE 1A Bp e R K L EAT BUAE, S BR AN A2 2RI
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Table 5 Record of eliminating inferior scheme from optimization ones

N NI ESATA i ,\é e L ] A o i == v 5 ‘li‘-f"‘Ah :
TS o BRIV RS nvpmke  Regs o BHER
Optimization roup number and test leve Maximum calculation ~Maximum permissible =~ Whether to ota ens:.rgy/

scheme number 1 2 3 4 5 6 water level/m water level/m retain consumption

(kW-h)

1 1 3 2 2 1 1 4.46 4.4 VIS 32247

2 2 3 2 2 1 1 4.46 4.4 Sl 32284

3 1 3 2 2 1 4 4.32 4.4 [ 35611

4 2 3 2 2 1 4 4.3 4.4 N 35683

5 1 3 2 2 1 6 4.39 4.4 ] 33 600

6 2 3 2 2 1 6 433 44 i 35574
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Table 6 Optimal schemes of four kinds of precipitation conditions

G & 2t ; @Eéﬂfﬁﬁﬁkﬂﬁ | NP—
Precipitation condition . Group number and test leve N SOREAE
T2 hi B b AT AL ’ %m;m; &
Maximum Maximum outside river 1 5 3 4 5 6 consumption/ Remarks
precipitation inprecipitation in (kW-h)
24 h/mm 1 h/mm
- » AEIEWAKAHE 1 3 2 1 1 1 20 628 VAP BRI TR S 1.5 h JFEh, SN 4.25h
AAFHEKEHE 1 1 3 1 3 1 20320 R ITUA 5 1.5 h JF4G, S5 530 h
111 3 AFgwmkas 1 3 2 1 11 25353 T MBERTIT 465 1 h T4, i 4.56 h
AAFAEEKERE 1 1 3 2 3 1 24 882 VAE BN RS 1 h FFEG, B 513 h
™ » AZEWKAHE 1 3 2 2 3 1 26 050 A B R TFER S 1.5 h TFER, S 5.86 h
FEFHEKAHE 1 1 3 2 3 1 251797 VAPE BRI TR S 1.5 h IF8h, SN 6.07 h
"™ 36 AEIEHAKAHE 1 3 2 2 1 6 33 600 VAP BN IFER )G 1 h TG, BT 5.25h
AAFHEKEHE 1 1 3 1 3 1 31718 VBB FFUR S 1 h FFAG, B 6.37h
2.3.5 PAERCE AR R HEIIRES T 21 047, 27 989, 29 451,

BUATHEAR R BE ISR 2 LI 0 3, 40T
A, SERRE RS DU Bk, MELURSI AT
ERRAE 2.2 47, HBUE RIS S LAl B ITHLS R
HRFFETIT, WL SR — /N T 5B e HL
#, LhzisAr B AU BT 5 & SO0 5 S LR
FCLE A A R T IR 5T

A BE T TGVE A HTI K BHRIZAKSCT 0L e 4%
PUIR A BE T SIBAT 4 PR SAT (RPN 6)

38 220 kW-h; LA B TT RIBAT 4 PPFE KSR
(19 FEDRE S BUIR 7 AR LE A3 A Tk D 2% 9.4%.
11.5%. 12.1%.

A S PN A R TR R K B HER K SC T4
PR SR 5 21817 4 PR AAE T RIS
IFE A 20 540, 25 186+ 26 164 32 032 kW-h;
A BT 22847 4 PR & T IS BIhFE S
TR TT AL T 9820 1% 1.2% 1.4% 1%
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Pricipitation combination

a. JTLEM AR BT

a. Can not use tide to drainage

Pricipitation combination

b. 4R H K B HE
b. Use tide to drainage

T BRRGAFALA ik 24 h FERIAURK 1 h FERIZLAG. BARRRTD “111-27”7 SoREK 24 h FERTESY 111 mm. FK 1 h B &Y 27 mm.
Note: The precipitation combinations including a maximum precipitation in 24 h and a maximum precipitation in 1 h, and the abscissa value of “111-27”
represents that a maximum precipitation in 24 h is 111 mm and a maximum precipitation in 1 h is 27 mm.
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Fig.2 Energy saving comparison of different rainfall conditions
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English abstract)

Scheduling optimization of drainage pumping stations in urbanization
polders

Liu Jingsen, Cheng Jilin, Gong Yi
(College of Hydraulic, Energy and Power Engineering, Yangzhou University, Yangzhou 225009, China)

Abstract: For guaranteeing flood control security, the drainage pumping stations with large installed capacity
were distributed densely at urbanization areas set with embankments. Conducting optimization research on
operation scheme under different precipitation conditions lower than drainage standard should effectively
decrease energy consumption. The main difficulty of operation scheme optimization of urban drainage pumping
stations was that with the increase of pumping station quantity and single station’s installed capacity, the
combination number of feasible schemes increased too fast to be difficult to calculate. This paper proposed an
optimization method which selected the lowest total energy consumption from multiple schemes with orthogonal
test and eliminated unqualified schemes with controlling river water level outside the polder. Using this method,
pumping stations in the drainage area were divided into different groups according to their actual layout, and a
certain quantity of start-up schemes combined with practical experience were established for each group of
pumping stations under different precipitation conditions. Then, taking pumping station group as the test factor,
start-up scheme as the test level, and the lowest total electric power consumption as the objective function, the
orthogonal experiment was carried out. The sequence of influence extent of various test factors and levels as well
as the best test lever of each test factor to the target function could be obtained by conducting orthogonal analysis
on test results. Thus the sequence of multiple optimized operation schemes including theoretically the best one
could be obtained. Using the unsteady flow model to calculate each level of river water for each optimization
scheme, and if each level of river water was within the allowable variation amplitude, the scheme was optimal and
feasible, otherwise, the scheme could be crossed out. The operation scheme which met the requirement of the
lowest total electric power consumption was found out from all of the feasible schemes, and taken as the best
optimized scheduling method under the specific precipitation condition. Taking certain area of Shanghai as a
study case, the optimized scheduling schemes under four common precipitation conditions lower than the
drainage standard were worked out respectively for the two hydrological conditions, i.e. self-draining via the tide
outside the river and self-draining that cannot utilize the tide outside the river. On the most unfavorable
hydrological condition that could not utilize the tide outside the river for self-draining, the total electrical power
consumption of the optimized scheduling scheme could be saved about 12% compared with the current operation
scheme. By comparing energy-saving benefit between optimal scheduling schemes and current schemes, the
rationality of current scheme had been verified, and the optimization suggestion was proposed in this paper as
well. The method proposed in this paper was a beneficial attempt to enrich and improve the method of optimizing
operation scheme of pumping stations.

Key words: drainage; rain; optimization; polder area; pumping stations; storm drainage; orthogonal test; energy
cost
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