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Optimization and Sensitivity Analysis of Border Irrigation Performance
in Hetao Irrigation District
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Abstract : Aiming at the problem of low irrigation efficiency caused by wide border fields and large blocks
in the Hetao Irrigation District, in order to explore suitable technical parameters of border irrigation under
changing conditions, based on the typical experiments of Shenwu Irrigation Area in Hetao Irrigation
District, different irrigation design schemes were used to compare typical sandy soils. The irrigation
quality of the field block (length x width was 80 m x25 m) was evaluated, and the sensitivity changes of
different variable parameters to the optimal irrigation performance indicators were analyzed on the basis of
the WinSRFR model simulation. The results showed that when the size of the sand border field (80 m x
25 m) was large, the irrigation effect was poor, and at the medium flow rate (into the border flow @ =
20 L/s, single-width flow ¢ =0.80 L/(m*s) ), reducing the field area of the tail by 25% (ie: changing
the water percentage from 1.0 to 0.75) can save 40% of the irrigation time, and reduce 16% of the
irrigation water leakage loss during the flow of water. After adopting the improved field size, irrigation

time and irrigation design scheme, the irrigation effect was significantly improved compared with the
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typical field. The vertically divided field (80 m x 12.5 m) was at a larger flow level (Q was 26 ~
30 L/s, q was 2.08 ~2.40 L/ (m-s) ), irrigation efficiency was increased from 67% ~80% to 97% ~
99% , irrigation uniformity was increased from 0.59 ~0.79 to 0. 84 ~0. 95, water storage efficiency was
decreased from 1. 17 to 0. 76, and it can save more than 20% of the current irrigation time, and the
medium flow rate (Q =20 L/s, ¢ =1.60 L/(m+s) ) can save 40% of the irrigation time while obtaining
better irrigation performance, and the water saving effect was significant. Different variable parameters
had the same changing law for the irrigation performance evaluation index. The planned water demand
depth had a significant impact on the irrigation performance. The irrigation performance was less affected
by the slope of the field and the length of the border in the case of a very small single-width flow. It was
recommended that the sand border field size used in the irrigation area was 80 m x 12. 5 m, and the best
single-width flow rate and irrigation time combination can be selected according to the actual different
incoming water flow rates. The research results can provide a theoretical basis for the sustainable
development of border irrigation in the irrigation area.

Key words: Hetao Irrigation District; border irrigation; irrigation performance; sensitivity; WinSRFR
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Variations of irrigation quality indicators for two border field segmentation schemes under different border flow levels
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ZEOK TR SE 9 A B K BT i AR bR 0 AT 3 A2 25 O TR
HE B 7 H B (80 m x 12,5 m) Y 3 A K BT 5 45 b
TR KRB e K F- (Q 2 26 ~30 L/s g H2.08 ~
2,40 L/(m-s)) N H A R 4 3R B, # K% E N
67% ~80% & T+ & 97% ~ 99% , HE /K 31 5] FBE
0.59 ~0.79 21 % 0.84 ~0.95, /K BCEM 1. 17 [%
K2 0. 76,3 H 2 /b 0] LLAT 48 24 1 o K B 8] 9 20%
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Tab.5 Comparison of irrigation performance indicators for field specifications and border flow design scheme

M FAEA% R 80 m x 12,5 m

M HBA% R 40 m x 25 m

0/ T,/ ‘ —
(L-s™1) min v AE/% DU i v AE/ % DU A He
(Lem~'.s™! AR (Lem™'s™h) bR R 5L

300 41 0.93 2.28 1. 00 41 0.98 2.41 1.00

270 45 0.93 2.05 1. 00 45 0.98 2. 16 1.00

240 51 0.94 1.85 1.00 51 0.97 1.90 1.00

15 210 1.20 58 0.99 1.69 1.00 0. 60 58 0.95 1.62 1.00
180 68 0.92 1.36 1.00 68 0.90 1.33 1.00

150 80 0.74 0.91 1.00 80 0.79 0.97 1.00

120 87 0.47 0. 46 0.94 89 0.53 0.52 0.97

300 47 0.98 2.07 1.00 47 0.94 2.00 1.00

270 52 0.97 1.85 1.00 52 0.92 1.76 1. 00

240 59 0.91 1.54 1.00 59 0. 88 1.50 1.00

13 210 1.04 67 0.79 1.17 1.00 0.52 67 0. 81 1.20 1.00
180 73 0.59 0.75 1. 00 75 0. 65 0.83 1.00

150 80 0.38 0.40 0.91 81 0. 44 0.47 0.94

120 87 0.13 0.11 0. 82 89 0.19 0.16 0. 85

300 58 0.53 0. 86 0.98 59 0.58 0.94 1.00

270 61 0.43 0.63 0.93 62 0. 44 0.65 0.95

240 65 0.30 0.39 0. 88 66 0.33 0.43 0.90

10 210 0. 80 69 0.15 0.17 0. 83 0. 40 70 0.19 0.21 0. 85
180 74 0.03 0.03 0.77 75 0. 05 0.05 0.79

150 81 0 0 0.71 82 0 0 0.73

120 88 0 0 0. 64 89 0 0 0. 66

300 58 0. 05 0.07 0.79 59 0.07 0.09 0. 80

270 61 0 0 0.75 62 0.01 0.02 0.76

240 65 0 0 0.71 65 0 0 0.72

8 210 0. 64 69 0 0 0. 67 0.32 70 0 0 0. 68
180 74 0 0 0.62 75 0 0 0. 64

150 80 0 0 0.57 81 0 0 0.59

120 88 0 0 0.51 90 0 0 0.53

300 58 0 0 0.50 59 0 0 0.50

270 62 0 0 0.47 62 0 0 0.48

240 65 0 0 0. 45 66 0 0 0. 46

5 210 0. 40 69 0 0 0.42 0.20 70 0 0 0.43
180 74 0 0 0. 40 75 0 0 0.40

150 81 0 0 0.36 82 0 0 0.37

120 89 0 0 0.33 90 0 0 0.34

LS AT LU AN [6) 2 85008 HE K 5 2 3 f 45
b EL A A TR A A L B A . T30 75 KK I D KK
JoT g ELA WYt 9 728 AR A, O A S o 8 ]
D,., <80 mm B if BE#EE, 1 D, >90 mm B ¥ AN
Ao N, D, <100 mm i % 2R e I
D, >110 mm Bf#EM AL, BT D, AEE L DU
() = BESH, T LU 3 DU IR BE D, 19722 1k
[R5 AP NN LI N 2 1 I < EE T A )
B VE AR VE K 34 75] B R K R0 35 22 R S 3
T v /0 1) AR Ak s $ T T R 43 ) A 0. 15%

0.25% .0.35% I, ¥ W 7K PR o 4 iF 22 w2, ad i e
JE W K TR T B B K IR D K R R
TR E4 5] BE R 7K R0 3 3 JF B AR, (B AR fb AN 3
el PR X V8 7K 2 50 B T A 7K 880 52 ) B I, 39 B
WE: FH R ) 0 T 9 /D T K 0% A7 i K R R )
AR, I HL Y B /N KR A 2 R i A
B A0S I N AK ORI | v R PR I A A W
TR, MM F K R R AR I VE K Y5 B B LT
D WA NIV AN T 3 Y S =l A e R A
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Tab.6 The best irrigation combination of different design schemes

s b 7K
E S/(m xm) Q/(Ls™") ¢/(Lm~'-s™') T,/min AE/ % DU AD K i PR R AL

30 1.20 150 80 0.74 0.91 1.00

26 1.04 210 67 0.79 1.17 1. 00

HE K I ] 80 x 25 20 0. 80 300 58 0.53 0.86 0.98
16 0. 64 300 58 0.05 0.07 0.79

10 0. 40 300 58 0 0 0.50

30 2.40 60 97 0. 94 0.92 1.00

26 2.08 60 99 0.90 0.76 1.00

80 x12.5 20 1. 60 90 95 0. 81 0.79 1. 00

16 1.28 135 83 0.77 0.91 1.00

M He BA% + i K 10 0. 80 150 81 0 0 0.71
i | 52 31 30 1.20 60 99 0.93 0.91 1.00
26 1. 04 60 99 0.96 0. 81 1.00

40 x25 20 0. 80 90 97 0. 87 0. 85 1.00

16 0. 64 135 84 0. 82 0.96 1.00

10 0.40 150 82 0 0 0.73

15 1.20 150 80 0.74 0.91 1.00

13 1.04 210 67 0.79 1.17 1.00

80 x12.5 10 0. 80 300 58 0.53 0.86 0.98

8 0. 64 300 58 0.05 0.07 0.79

PR + Ak 5 0.40 300 58 0 0 0.50
Wit 15 0. 60 150 80 0.79 0.97 1.00
13 0.52 210 67 0. 81 1.20 1. 00

40 x 25 10 0. 40 300 59 0.58 0.94 1. 00

8 0.32 300 59 0.07 0.09 0. 80

5 0.20 300 59 0 0 0.50

=1
UILEE
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Fig.4 Changes in optimal irrigation performance indicators of three design schemes
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Fig.5 Sensitive factors analysis of irrigation performance indicators
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