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Fig. 1 Longitudinal section of the river to the north
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Tab. I Basic information table of pump station

W (md o5 HF R /m HEAKM KA /m HAKMK AL/ m
E SIS eS|
S5 O 51 S -+ 2 NG -4 = N a2 S -2 VRN 1 VAR a2 v/ VAR =1V S (VAR 1) N VAR 78 ) S A= & VA
[} RO SRS 130.50 85.00  28.00 2.70 1.70 0 16. 40 17. 40 20.00  17.40 19.10 19.10
MR G ST 119.40  80.00 24,20 5.50 3.60 1.00 17.00  18.40  20.00 21.00  22.00  22.50
PaEA A AL ns  Sr R E . 118,50 80.00  24.10  3.07 5.47 1.47  20.40 21. 80 22.40  23.87 24. 87 25. 87
R sABIREE 8730 55.00  15.20 4.60 3.18 1.58 23.40  24.67  25.77 27.35  27.85  28.00
e P i TRMIME  62.10 45.00  14.60 5.70 4.95 4.20 26.80  27.35  27.60 31.80  32.30  32.50
*x2 REEMSHER
Tab. 2 Information table of basic channel parameters
T Bt b= B K KA /m B A/ (m® « s71) BT GRS
AT T — P AT s 0+000~1+400 19. 00~18. 64 85. 00 0.03
T B} 0. 03(30+281 )
T Y 3 — B R g 3 14+400~50-+343 18. 64~18. 40 85. 00~80. 00 0. 02(30+-281 =)
N _ ) ) 0. 03(61-+143 B
Vi B P 3t — PG YA VT A 50+343~73-+703 . 00~21. 80 80. 00 0. 02(61+143 |5)
YT S — R A 734+703~112+715 . 87~24. 67 80. 00~55. 00 0.03
R — ek 112+715~155-+519 . 85~27.35 55. 00~45. 00 0.03
JetEuh—A R 1554-519~185+592 . 30~30. 90 45. 00 0.02
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Tab. 3 Design calculation results

BAe . BRSO HSLAIA
L R

. B 17. 40
PEMET AR Y 1,70 43.12
sk 19. 10

Wi 18. 40
B R 3. 60 72.16
sk 22. 00

. Hidh  21. 80
PR dLys 3. 07 71.13 .59, 68
oKt 24. 87

A 24. 67

REETEI, 3.18 58.22
Wk 27. 85
Wi 27. 35

TeAEIE G 4. 95 71. 35
HokH 32. 30

R

R RUFTEHEER

Tab. 4 Calculation result of optimization plan

etk . BEOK T BGEEwE BRURAR
R N ALK/ m . N
IR ORI /% B/ %
Rl 17. 40
PEMEA Y 1,70 43.12
Hoku 19. 10
0. 70
Rl 18. 40
MR 4,20 73. 64
HKkH 22. 60
0. 20
Rl 22. 40
PEIEI ALY 3,50 80.17  62.54
HkH 26. 00
0. 20
Rl 25. 80
RAETE IS 2. 30 67. 64
Hoku 28. 20
0.50
Rl 27.70
TeEIE 5. 10 69. 43
Hkt 32. 30
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Tab. 5 Optimization efficiency of cascade pumping station system Hf7 %
A KA/ m
H 7K A /m
16. 40 16. 50 16. 60 16.70 16. 80 16. 90 17. 00 17. 10 17. 20
31. 80 57.21 56. 96 56. 08 56.03 55. 38 54, 67 54. 66 54. 67 57.21
31. 90 57.07 57.21 56. 08 56. 08 55. 33 54.57 54.53 54,57 57.07
32. 00 57. 20 57. 14 56. 13 56. 08 55. 71 54, 62 54. 55 54, 62 52.79
32. 10 57.33 57.07 56.18 56. 08 56. 08 54, 67 54,57 54, 67 57.33
32.20 57.28 57.27 56.18 56. 28 56. 08 54. 67 54.78 54.57 57. 28
*6 BRRLBEAKER
Tab. 6 Optimal distribution results of pump heads at all levels B :m
A KA/ m
B KA/ m TR X L AR
16.40  16.50  16.60  16.70 16. 80 16.90  17.00  17.10  17.20
2.53 2.54 2. 26 2.21 2.22 2.00 2.02 1.92 1460 [ Lh}
3.42 3.13 3.42 3.16 2.90 3.49 3.11 3.42 3.48 I W
31. 80 3.18 2. 86 3.32 3. 47 4.13 3.15 3. 20 3.13 3719 [ RO
2. 86 3.50 2.81 2.86 2. 60 2.92 2.83 2. 81 2.92 St
3.51 3.37 3. 40 3.50 3.25 3.34 3.74 3.52 3. 40 Jeq
2.53 2.59 2. 24 2.22 2.29 1.99 2.01 1.99 1.83 Py
3.59 3.42 3.50 3.50 2. 60 3. 44 3. 65 2.96 2.96 B W
31.90 2.92 3.11 3. 24 3. 20 4.32 2.0 3. 14 3. 44 3. 36 Py
2.95 2.98 2.82 2.85 2. 57 3.53 2.94 2.82 3. 04 R
3.61 3.40 3. 60 3.53 3442 3. 34 3. 27 3. 69 3. 62 Jp g
2. 60 2.54 2. 40 2. 30 2.:27 1.92 1.92 1.99 1. 64 [}
3.25 2.95 3.54 3. 14 2. 84 3.18 3.19 3.29 3.23 I W
32. 00 4.15 3.84 4.09 3.93 3.95 3.71 4. 00 3.94 3.73 [ RO
2.89 3.35 2. 86 3006 3.10 2. 86 2.81 3.28 2. 84 St
4.15 3. 84 4,09 3.93 3.95 3.71 4.00 3.94 3.73 Jpqi
2.54 2.54 2.33 2.31 2.23 2.10 2.09 1. 90 1. 61 Py
3. 46 3168 3.52 3. 48 3. 54 3.41 3.47 3.48 3.53 B W
32.10 3.20 3.08 3.18 3.13 3.21 3.28 2. 83 3.17 3.32 Py
2. 86 2. 90 2.82 2.90 2.93 2.88 3.15 2. 94 2.92 R
3065 3.39 3. 65 3.58 3.38 3.52 3.55 3.52 3.53 T
2.51 2.55 2.22 2.21 2.22 2.07 1.96 1.90 1.62 IR}
3.14 3.41 3.49 3.45 3.46 3.42 3.62 2. 81 3.74 R I
32. 20 3. 64 2.93 3.35 3.13 3.23 2. 80 3. 14 3.65 3.17 PR (4
2. 90 2.91 2. 87 2.82 3.06 3. 34 2. 87 3.02 2.91 St
3.72 4,01 3.69 4. 00 3.43 3.76 3.71 3.72 3. 66 Je
4B B TIHRAE R AT BRI S il R A 20 T A

BEXSBUA ARG R B A RE LA 70 PR B AN 52
A IR LR 5T D F AR i A i T e
EE RN IR Y B BRI 77 B v B R S R
ot AU o0 P AT 56 R RE5e T .

CIFET VUL | B ma v | PE LT b AR A e 7
BAZR A AR AN VY LT — e PR vl B % ] K
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Abstract ; With the rapid development of industry,agriculture, and the improvement of residents’ living standards, the demand of
regional water resources has also increased. The water delivery project of series cascade pumping stations has played a huge role
in realizing the rational allocation and scientific dispatch of water resources in different regions. The research on the optimal dis-
patching of water delivery project of series cascade pumping station has always been a common concern in the field of water con-
servancy system optimization because it has the characteristics of long distance along the line, large water flows, large head
change, and large energy consumption. Most researches at home and abroad usually use optimization algorithms such as linear-
nonlinear programming, dynamic programming, ant colony algorithm, particle swarm optimization, and large-scale system de-
composition. These traditional optimization algorithms are used in solving relatively complex mathematical models. Each has its
advantages, but at the same time, it is easy to fall into the "dimensionality disaster", which leads to a huge amount of calculation
and is not helpful to the generation of results.

At present,most researches on the head optimization distribution of cascade pumping stations are carried out based on de-
sign conditions or certain specific operating conditions,and little attention is paid to the optimal operation of the pumping station
group systems under non-design conditions. The water delivery system of the cascade pumping station groupiis often operating
under undesigned conditions, affected by factors such as changes in water load, fluctuations in the.ncoming water process,and
adjustment of pumping station units. Taking the water transfer section from the north to the Huaijiang River as the research ar-
ea.using a genetic algorithm-based model for the optimization of the head distribution of the series cascade pumping station, a
study on the head optimization distribution of the water delivery system of the series cascade pumping station is carried out. The
efficient operation plan of the water delivery system of the river water north section is analyzed and calculated. In this project,
genetic algorithm is used to solve the problem. The modelling first determines the objective function, decision variables,and con-
straint conditions,and then performs pre-processing on the flow operation interval and discrete step length, to determine the set
of operating conditions of the pumping station. The flow individuals are génerated randomly by coding to solve the problem in
the next step.

(1) Based on the optimized efficiency of the Xifeihe, KantuahansXifeihebei, Zhuji, and Longde single-stage pumping sta-
tions and the hydraulic calculation results between the five stages of the Xifeihe-LLongde pumping station section, the head opti-
mization of the series cascade pumping station was constructed, and then the distribution model is calculated for the optimal
head distribution in each station under the design conditions and different cascade net head conditions of the water delivery sys-
tem of the river water north section. The result shows:that the total efficiency of the cascade pumping station is increased by
2.86% after the calculation of the optimized model, (2) Simultaneously, the optimal head distribution scheme, the optimal water
level combination between the cascades, and the optimal efficiency of the water conveyance system are calculated for any net
head corresponding to different water<conveyance flow conditions under the off-design condition. Comprehensive analysis and
optimization of the calculation results‘can provide a basis for the operation of the water transfer system of the cascade pumping
station under different working conditions.

This paper constructs alhead optimization distribution model for series cascade pumping stations is constructed based on
the genetic algorithm, whichis applied to the economic operation of the water transfer section of the water diversion from the
Yangtze River to thé Huaijiang River to achieve the purpose of efficient operation and has high application value. Therefore, it is
suitable for medium and large cascade pumping station projects. The study of the economic operation has an important signifi-
cance,and this articleiis aimed at maximizing efficiency,and the results can be applied to the optimization research of time-of-use
electricity rates so that the entire system can obtain the best comprehensive benefits.

Key words: river-to-north water delivery; cascade pumping stations in series; genetic algorithm; head optimal distribution; effi-

cient operation
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