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Optimization of Irrigation Water Regulation for Multi-stage Irrigation
Pumping System Based on Two-level Coordination Model
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Abstract; Multi-stage irrigation pumping system is often faced with these typic problems of scarce water
resource, high lift of water pumping, coexistence of different irrigation methods, difficult allocation of
water, high cost of operation etc. It is significant to optimize the water regulation to alleviate above
problems. A typical multi-stage irrigation pumping system ( Guhai irrigation system) in Ningxia Hui
Autonomous Region was taken as a case study area, and a regional multi-objective optimization model was
developed with a two-level hierarchical structure for optimal regulation of irrigation water. Water
requirement and energy consumption were taken as two objectives in the model so as to consider the
operations of pumping stations. Meanwhile, different irrigation periods were considered to obtain detailed
schedules for water allocation and operation. Based on the decomposition-harmonization method for large
system, a two-level structure was constructed to better describe the characteristics of multi-level and
interrelated relationship, complicated structures and multiple impact factors. The first level dealt with the
optimal allocation of irrigation water supply among various crops in each pumping station. The second
level sought out the optimal schemes of pumping and allocating water among multi-stage pumping
stations. Each level was solved independently, while they were coordinated through taking water supply
amount as coordinating variables. Based on the optimization model, optimal schemes for water allocation
and pumping station operation were presented for all stages of pumping stations under approved amount of
water resources in the study area. Results indicated that the total water shortage amount was significantly
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reduced from 5.77 x10° m® to 1.30 x 10* m’ in the whole system, and it was reduced from —3.22 x 10° ~

3

2.47 x10° m’ to —8.30 x 10* ~9.50 x 10" m’ among each pumping station. The spatial-temporal

contradictions of water supply among multi-stage pumping stations were effectively alleviated through the

optimization of water supply. The research provided an effective and practicable tool to optimize the

regional water allocation for complex multi-stage pumping irrigation system, and the model can be further

practiced for actual water management.

Key words; water allocation; multi-stage pumping stations; optimal allocation; multi-objectives;

decomposition-harmonization
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Tab.1 Detailed information of Gukuo pumping irrigation system

A BE 2017 4E5L xR 7 1 TR T L hm® syt s WK R, wihstt

Pk E/m TR R T RRME &it m m (m*-s7") H(a+b)
y— 1-1 1.10 x 10® 68 47 115 47.5 44.5 12.70 543
- 1-2 1.09 x 108 0 0 56.3 48.4 12.70 543
= 1-3 1.09 x 108 0 0 20.2 16.6 12.70 543
£/ L] 1-4 1.09 x 108 0 0 33.8 30.2 12.35 543
/AN 1-5 1.09 x 108 2157 357 2514 48.2 43.5 12.28 543
£/ 1-6 9.21 x 107 2010 170 2180 40.8 36.0 11.85 543
¥t 1-7 7.54 x107 1992 553 2545 31.0 27.4 10. 64 443
AN 1-8 5.94 x107 1933 0 1933 38.6 33.6 10. 00 443
¥ 1-9 4.84 x107 3311 355 3 666 61.2 57.5 8.50 3+1/3
y+ 1-10 2.88 x 107 733 62 795 30.0 27.1 8.36 4+3
¥t— 1-11 2.39 x107 1307 724 2031 36.3 33.2 5.86 3+1/2
= 1-12 1.65 x 107 1783 2117 3900 35.8 31.2 3.49 442

At 1.10 x 108 15295 4384 19 679 479.7 428.7
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Fig.1  Conceptualized structure diagram of Gukuo multi-pumping irrigation system
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Fig.2  Structure diagram of two-level hierarchical model
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Tab.2 Present values and optimized results of water supply among multi-stage pumping stations

T ok m? it KA/ Mk dE/m? Bkt /m? HThHR/ kW
' AR Ptk m? AR Ptk R itk AR xta
1-1 1.10 x10®  1.14x10%  5.26 x10° 4.70x10°  5.16 x10° -5.60 x10* -1.10 x 10* 3256 3378
1-2 1.10 x10®  1.14 x 108 0 0 3520 3651
1-3 1.10 x10%  1.14 x108 0 0 1207 1252
1-4 1.10 x10%  1.14 x 108 0 0 2196 2278
1-5 1.10 x10®  1.14x10%  1.11x107 1.24x107 1.11x107 1.24x10°  6.00 x10° 3163 3281
1-6 9.21 x107  9.80x107  9.38x10° 1.19x107  9.35x10° 2.47 x10° —3.00 x 10* 2202 2341
1-7 7.54x107  8.48x107  1.14x107 1.14x10"7 1.14x10" -6.70 x10* -6.00 x 10* 1372 1542
1-8 5.94x107  6.88x107  8.18 x10°  7.84x10° 8.19x10® -3.38x10° 1.20x10* 1325 1534
1-9 4.84 %107 5.72x107  1.64x107 1.39x107  1.65x107 -2.55x10° 9.50 x10* 1 146 1356
1-10 2.88x107  3.40x107  3.62x10° 3.47x10° 3.54x10° -1.51x10° -8.30x10* 518 610
1-11 2.39x107  2.90x107  8.47x10° 5.25x10° 8.53x10° —-3.22x10° 5.90x10* 527 638
1-12 1.65x107  1.70x107  1.49 x107  1.17x107  1.49 x107 -3.10x10® —1.00 x 103 342 351
Mt 1.10 x10®  1.14x10%  8.40x107 7.82x107  8.40 x107 -5.77 x10® —1.30 x10* 20 781 22219
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Tab.3 Optimized results of water supply for each pumping station in each period m’
4 A 5H 6 H
ERNITE TR ——— HEk i - Mk i K HEAK &
AN 5 iy /I N N v /N N N
TR it TR itk PR ik
1-1 8.00 x10*  8.30x10* 7.80x10* 9.10x10* 9.00x10° 4.40x10* 9.50 x10*  9.80 x10*  9.30 x10*
1-2 0 0 0 0
1-3 0 0 0
1-4 0
1-5 1.63 x10° 2,08 x10° 1.61 x10° 2.20x10® 2.36x10° 1.67x10° 2.19x10° 2.80x10° 2.23 x10°
1-6 1.43 x10°  2.10x10°  1.41x10° 1.93x10° 5.53x10° 1.45x10® 1.86x10° 2.66x10° 1.89 x10°
1-7 1.93 x10° 2,27 x10°  1.91x10° 1.67 x10° 2.00x10° 1.93x10® 2.32x10° 2.73x10° 2.35x10°
1-8 1.08 x10° 1.19x10° 1.05x10° 1.85x10° 1.22x10°  1.93x10° 2.13x10°  1.96 x10°
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Tab.4 Optimized results of pump water flow and pumping station scheduling for each pumping station in each period

_— 41 5H 64 7H 8 A 11 A
ARY H, Nrol =N H, Nrol=N H, Neol=N H, Nrol=N H, Nrm=N H. =N
o PRI E/ N PRI E/ . PRI E/ N PRI E . PR E/ . PR F .
(mB_S—]) (m3_s—]) (m3_s—]> n,13_5—]) (m3_s—]) (m3'S_])
#1 #2 #4
1-1 6.72 a6 7.13 #1 ~#3 9.37 #1 ~#4 10. 31 #1 ~ 46 7.38 #2 ~#4 4.46 # #4

1-2 6.42 #2 ~#4 6. 84 #2 ~#4 9.03 #1 ~#4
1-3 6.42 #1 #3 #4 6. 84 #1 #2 #4 9.03 #1 ~#4
6 9
6 9

1-4  6.42 # ~#3 L84 #1 .3 .03 #1 ~#4
1-5  6.42 #l ~#3 .84 0~ #5 .03 #1 ~#4
#l # #
1-6 555 #l #2# 593 #.#3# 71.84 s
#1 #HS5
1-7  4.79 w6 514  #1 #4#5  6.84 #] #3~46
#l ~ 43,
1-8  3.76 #l #4~# 4.10 #1 #3.# 559
#5 46
1-9  3.20 w0 3.44 #3~#5 4.57 wnn
1-10 1.99 #3 #5# 2.12 #~##6 2.70 #1 #5 #6
1-11  1.68 # # 1.79 M # 2.37 #4 ~ #6
1-12 111 #l#5 L1l #1 #3.#4  1.28 #1 # #4

9.97 #1 ~#6 7.16 #1 ~#3 4.17 #1 #3
9.97 #1 ~#5 7.16 #2 ~#4 4.17 #1 #4
9.97 #1~#4#6 T7.16 # ~#3 #6 4.17 #3 #4
9.97 #1 —#6 7.16 #2 ~ #6 4.17  #1 #4 ~#06

8.49 #l ~#4 #6 5.88 #2 #~#6 3.87 #5 #6 \#1

7.30 #1 ~#4 4.87 #1 #4 #6 3.56 #2 #4

5.97 #1 ~#5 3.66 #2 #4 #6 3.28 #2 #6

4.98 #1 #3 #4 2.89 #2 #3 2.88 #5 #6
2.86 #1 #3 #6 1.58 #2 #3 #6 1.76 #5 #6
2.39 #1 #3 #5 1.32 #4 1.58 #1

1.20 #1 #2 #6 0.72 #2 ~#4 1. 12 #2 ~#6
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