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Note: W',1+ W'y, represent total water consumption of area nland n2.
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Fig.2 Schematic diagram of water pumping for multistage
pumping stations
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Table 1  General situation of rivers involved with simulation for one-dimensional unsteady flow
’?:“Ev—' 4 T AR ' ‘mlﬁﬁﬁ ‘imﬁi l%ﬁu?' bk
River River name Lgngth of Width of river Elevation of river Slop'e
number river/m bottom/m bottom/m coefficient

1 I ALHERE £\ JR Northern Jiangsu main irrigation canal 38100 150 3.0~5.0 2.5
2 L& MY I 465 7K J] 1 Water transferring canal of Yantai ship lock 500 20 5.0 2.5
3 HEBH i3 I 513 Diversion canal upstream No.1 Huaiyin station 650 20 4.5 2.5
4 HEB] =313 513 Diversion canal upstream No.3 Huaiyin station 630 20 4.5 2.5
5 22Uk R )i Diversion canal downstream No.4 Huai’an station 303 20 32 2.5
6 I P4 HL N[ 18 Diversion canal downstream Yunxi power station 800 20 3.2 2.5
7 k22— [ 1E Diversion canal downstream No.1 Huai’an station 350 20 3.2 2.5
8 k%2 Z 33 1 Diversion canal downstream No.2 Huai’an station 300 20 3.2 2.5
9 g Liyun river 27925 65 3.0~5.0 2.5
10 TIHUE  Beijing-Hangzhou grand canal 1 500 80 3.0 2.5
11 BRI 4T /K Wi Water transferring canal of Yundong ship lock 250 20 3.0 2.5
12 S PR Beijing-Hangzhou grand canal from Huai’an to Huaiyin 22 100 80 3.0~5.0 2.5
13 Skin]  Tou river 2375 50 5.0 2.5
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Table 2 Generalization of water users along North Jiangsu Irrigation Canal between Huaian and Huaiyin parallel pumping stations

IK A% Annual water consumption scale

E S * B IR IE - TR K % ik
Name Type Water intake river {;m% 1 Annual water Remarks
Flow/(m™s™) . 43
consumption/10™m’
s \ : IhALTEBE S Y N
SEATUK A TEHBLRR e
. . Agricultural water ~ Northern Jiangsu main 18.0 LT A
Water intake of Huangji culvert S Zhougqiao irrigation district
users irrigation canal
re s v : Pl 2 ysE ;
HERFIHUA A, vﬁl[;ﬂ;f;ater Nonﬁeﬁ‘%;% :iain 5.0 JABRE L
Water intake of Xueqiao culvert & whern Jiang ' Zhougiao irrigation district
users irrigation canal
ALK H RV K I JEHERL R R ISt 3 DX
Water intake of northern yongji ~ Agricultural water ~ Northern Jiangsu main 5.0 Shunhe culvert irrigation
culvert users irrigation canal district
KB HREOK 1 R HI K R JEHERL R IR ST
. . ! X . IEVEREX
Water intake of southern yongji ~ Agricultural water ~ Northern Jiangsu main 8.23 L o
P Yunxi irrigation district
culvert users irrigation canal
; P : AL EBE U [N,
IRAHUK A fi::ﬂkltﬁ;jfv):ater Nortﬁejrl:%ifﬂ l;u/‘?nain 4.92 2 e
Water intake of Zhangma culvert & thern Jiang ' Yunxi irrigation district
users irrigation canal
N, v - IpALTEBE 5 Y [N,
Bk A ﬁi%ﬁjl(\):ater Nonﬁjr[rjl‘ﬁgiff afnain 249 Ja P
Water intake of Xinhe culvert g whern Jlang ' Yunxi irrigation district
users irrigation canal
T RCHIR T . . Il
HERLIR Tk IUK 1 AL SRR B R
Industrial water intake of Nanfeng . Northern Jiangsu main 480
. Industrial water users Lo
sodium sulfate Co., Ltd. irrigation canal
HRERAG T TR TR A I JEHEML R IR
Industrial water intake of Yinzhu . Northern Jiangsu main 400
L Industrial water users R
chemical industry irrigation canal
PR TPEBUK L o
kPR TR HOK AL R

TR

Industrial water users

Industrial water intake of

3000
Hongze thermoelectricity

Northern Jiangsu main
irrigation canal

Co., Ltd.
- i i : Il
B UK FRFRUHIZR P ALHERRTE
. L Water users of ship  Northern Jiangsu main 0.214
Water intake of Yantai ship lock Lo
lock irrigation canal
— N el : IAb B
SE PR IR EK PR K ) 77:“:1%{% PSS )
. . Water users of ship ~ Northern Jiangsu main 0.214
Water intake of Yundong ship lock R
lock irrigation canal

T AL KR BT T AT PR Jl 4 L9048 fE /K AL R BC S LRI 2 HIA AL 5 2009 4 6 H
Note: Excerpt from {Water users generalization of matching project programming in South-to-North Water Transfer Project in Jiangsu Province) compiled by
Jiangsu Surveying and Design Institute of Water Resources Co., Ltd.
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Table 3 Optimal operation schemes of 80% load under daily average lift of 4.15 m for Huaian parallel pumping stations

FHLM: F 22 i Blade angle of each pump unit/(°)

2l Vg W =k
Time ] P
. . . No.2 Huai’an
No.1 Huai’an Pumping station . .
Pumping station

D

No.4 Huai’an Pumping station

8:00 =l 5L L 2L ==L 5L ==L 5L +2 5L 5L 2L 5L
9:00 =l 5L L 2L ==L 5l =L 5l +2 5L 5L 2L 5L
10:00 AL =L AL 5L 1L AL L f=HL +2 5=l AL 5L AL

11:00 -2 -2 -2 -2 -2 -2 -2 +4 +4 +1 +2 +2 +2
12:00 -2 -2 -2 2 -2 -2 -2 +4 +4 +1 +2 +2 +2
13:00 -2 -2 -2 2 -2 -2 -2 +4 +4 +1 +2 +2 +2
14:00 -2 -2 -2 2 2 -2 -2 +4 +4 +2 +2 +2 +2
15:00 -2 -2 -2 -2 -2 -2 -2 +4 +4 +2 +2 +2 +2
16:00 -2 -2 -2 -2 -2 -2 -2 +4 +4 +2 +2 +2 +2

17:00 AL =L AL 5L 1L AL L =L +2 5=l AL 5L AL
18:00 {5 bl 5L L 2L L L L L +2 fa=hL L L L
19:00 =l 5L L 2L ==L 5L ==L 5L +2 5L 5L 2L 5L
20:00 = =L = = 5L =L 5L =L +2 5L =L = =

21:00 +0.5 +0.5 +0.5 +0.5 +0.5 +0.5 +0.5 +4 +4 +1 +4 +4 +4
22:00 +0.5 +0.5 +0.5 +0.5 +0.5 +0.5 +0.5 +4 +4 +1 +4 +4 +4
23:00 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +4 +4 +4 +4 +4 +4
0:00 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +4 +4 +4 +4 +4 +4
1:00 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +4 +4 +4 +4 +4 +4
2:00 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +4 +4 +4 +4 +4 +4
3:00 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +4 +4 +4 +4 +4 +4
4:00 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +4 +4 +4 +4 +4 +4
5:00 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +4 +4 +4 +4 +4 +4
6:00 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +1.5 +4 +4 +4 +4 +4 +4

7:00 AL =L AL 5L 1L AL 1L AL +2 =L AL 5L AL
8:00 =L 5L L L L L L L 2L fahL L 2L L
9:00 &l 5L 5L =L =L =L =L 5L 5L =L AL 5L 5L

T4 EAREAMGEIIm. 100% A& AL FHITIE

Table 4 Optimal operation schemes of 100% load under daily average lift of 3.9 m for Huaiyin parallel pumping stations

% i’Erﬂﬂfﬁfﬁifﬂéﬁ quJ‘r?z_ﬁSlﬁ] ' ' ' i’gw:ﬁﬁfﬂéﬁ %zg ' ' »
Blade angle of each unit in No.1 Huaiyin pumping station/(°) Rotational speed of each unit in No.3 Huaiyin pumping station/(rmin")
8:00 4L 4L 5L 5L 5L 5L 1L
9:00 4L 4L 5L 5L 5L 5L 1L
10:00 5L 0 +1.5 120 120 120 120
11:00 +1.5 +1.5 +1.5 135 135 135 135
12:00 +1.5 +1.5 +1.5 135 135 135 135
13:00 +1.5 +1.5 +1.5 135 135 135 135
14:00 +1.5 +1.5 +1.5 135 135 135 135
15:00 +1.5 +1.5 +1.5 135 135 135 135
16:00 +1.5 +1.5 +1.5 135 135 135 135
17:00 -1 -1 5L 5L 5L 5L 1L
18:00 -1 -1 fEHL fEHL fEHL fEHL 5B
19:00 0 0 +1.5 125 120 120 120
20:00 0 0 +1.5 125 120 120 120
21:00 +1.5 +1.5 +1.5 135 135 135 135
22:00 +1.5 +1.5 +1.5 135 135 135 135
23:00 +1.5 +1.5 +1.5 135 135 135 135
0:00 +1.5 +1.5 +1.5 135 135 135 135
1:00 +1.5 +1.5 +1.5 135 135 135 135
2:00 +1.5 +1.5 +1.5 135 135 135 135
3:00 +1.5 +1.5 +1.5 135 135 135 135
4:00 +1.5 +1.5 +1.5 135 135 135 135
5:00 +1.5 +1.5 +1.5 135 135 135 135
6:00 +1.5 +1.5 +1.5 135 135 135 135
7:00 5L -1 +1.5 120 120 120 120
8:00 5L -1 +1.5 120 120 120 120

9:00 5L 0 +1.5 120 120 120 120
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station based on decomposition-dynamic

Operation optimization of Huai’an-Huaiyin
multistage pumping stations

Gong Yi*, Cheng Jilin'*, Zhang Rentian'
(1. College of Hydraulic, Energy and Power Engineering, Yangzhou University, Yangzhou 225009, China;
2. Jiangsu Surveying and Design Institute of Water Resources Co., Ltd., Yangzhou 225009, China)

Abstract: In order to explore the optimal operation method of large-scale inter-basin water transfer projects, and
fully excavate optimal operation benefit of multistage system, the two-stage decomposition-dynamic
programming aggregation method was introduced to solve the mathematical model of daily optimal operation for
parallel pumping stations, by which a series of optimal operation schemes under different average daily lifts and
water pumping quantities were obtained. Considering different types of water consumption along the water
transferring canal between two-stage pumping stations, by means of taking different start up time of pumping
stations in the second stage, the obtained optimal operation schemes of pumping stations were adopted as
boundary conditions and then substituted into mathematical model of one-dimensional unsteady flow to carry out
the numerical simulation of water transferring canal, by which the changing process of water level in water
transferring canal was simulated. According to the multiple schemes comparison and selection, the effective
connection of water level between two-stage pumping stations was obtained and the optimal operation method of
multistage pumping stations was preliminary proposed. Taking the two-stage pumping stations from Huai’an
parallel pumping stations to Huaiyin parallel pumping stations as a study case, the optimal operation scheme of
the entire multistage pumping stations system was obtained as follows: taking 4.15 m as the average daily lift and
80% loads as water pumping quantity for Huai’an parallel pumping stations, and taking 3.9 m as the average daily
lift and 100% loads as water pumping quantity for Huaiyin parallel pumping stations, the start-up time of Huaiyin
stations was 2 hours later than Huai’an stations. Under the optimization scheme above, the unit cost of water
pumping for Huai’an parallel pumping stations and Huaiyin parallel pumping stations was 79.33 and 84.60
Yuan/10* m® respectively, which had a respectively cost saving percentage of 25.06% and 7.3% compared with
operation with fixed blade-angle and constant speed under the same average daily lift and water pumping
quantities of each parallel pumping stations. The research can provide a reference for optimal operation of
inter-basin water transfer system, especially for water level optimization of water transferring canals.

Key words: optimization, dynamic programming, operations research, pumping station, unsteady flow
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