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Uncertain optimal design of irrigation pipe network with
chance-constrained programming

FU Yu-juan,CAI Huan-jie

(The Key Laboratory of Agricultural Soil and Water Engineering » Northwest A& F University ,Yangling s Shaanxi 712100, China)

Abstract: [Objective] The existing water distribution pipe net work determine optimal design model

simplified the calculation,but left out the influence on optimal result of uncertain parameters. [Method]

This paper took pipe flow,nodal required minimal water head and pipe roughness coefficient as stochastic,

established pipe network chance-constrained programming models for optimal design of water distribution

network by gravity pressure and pump station. Based on the stochastic simulation technique,line-up compe-

tition algorithm was applied for model solving. [Result] The result testified by case study showed that the

uncertain variable had obvious influence on optimal result,and the wider variable range, the larger pump

and cost. [Conclusion) This method is colser to reality and supplenments the shortage of the existing de-

sign model.
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Table 1 Pipe price
85 1A it/ ftsA ) /(57 -1 s 42 ) o= —1 544 ) = —1
4%/ mm &+ m 1) EiE/mm /OG0 e m ) EiE/mm i/ OC e m ) A/ mm MR/ OC e mTh)
Diameter Price Diameter Price Diameter Price Diameter Price
100 25 200 38.7 300 55.2 400 83.2
150 30. 8 250 42 350 64.0 500 103. 2
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Table 2 Node height and flow charge of pipe network with pump station
W i AR /m AW/ (m® s D) =t R WA R /m WA/ (m . s
Node Node height Node flow Node Node height Node flow
0 30.0 5 32.0 54
1 35.0 54 6 31.0 54
2 34.0 54 7 33.0 54
3 32.0 54 8 34.0 54
4 34.0 54 9 31.0 54
4.3 RS PAE R 20. 85 m AR B AT E BN 566 89 I,

A HL AR H 4 7 2 #  W R AE 1 00 I L % &
G g Wi s MR LR L Z A AL O A TSRS B A K R
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Table 3 Pipe diameter of optimal result of pipe network with pump station
(Cgedihes 1 /mm BT E4t/mm BT H12/mm
Pipe number Diameter Pipe number Diameter Pipe number Diameter
1 400 4 150 7 200
2 350 5 250 8 200
3 200 6 150 9 150
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Table 4 Optimal result of different confidence levels with 3 random variables respectively
- a=p=3=0.8 a=p=y=0.85 a=p=3=0.9 a=p=3=0.95
Random  ioie mR/m 02 gmm RN gmn RN gm PR
variable Pump head e - AED Pump head e - D Pump head (JE + D Pump head (76 + D
Annual cost Annual cost Annual cost Annual cost
Q 5% 21.32 57 542 21.41 57 839 21.78 59 074 21. 80 59 106
10% 23.01 61 584 23.62 65 295 26.18 73923 26. 24 74 165
E, 5% 21.54 56 918 21.83 57 208 22.33 57 703 23.09 58 458
10% 21.90 57 279 22.13 57 507 23.06 58 434 23.92 59 288
C 5% 21.46 56 838 21.83 57 208 22.21 57 580 23.15 58 529
10% 22.00 57 374 22.23 57 604 23.12 58 489 23.92 59 288
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Table 5 Optimal result of different confidence levels with 3 random variables simultaneity
a=p=y=0.8 a=p=y=0.85 a=p=%=0.9 a=p=y=0.95
7 2% 2 AR/ , AR/ . R S/
Variance P%*I/hmd (773'54; 1y P%*I/hmd (773'54; P%*i/hmd (fc.qJ: ) P%ﬁ/hmd (fn.qJ: )
ump hea Annual cost ump hea Annual cost ump hea Annual cost ump hea Annual cost
5% 22.22 58 465 22.53 59 010 23.92 61 385 23.96 61 450
10% 24. 60 62 381 25.76 67 939 30. 19 79 812 31.90 82 493
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