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Optimal water allocation in canal system under unequal discharges in
subordinate canals based on Bi — level PSO Method
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Abstract: Taking No.1 Sub — branch Canal of the Yingke Forth Branch Canal in Ganzhou Region of Zhangye City
located in middle reach of the Heihe River as the research object, based on the present canal optimal water allocation
model, aimed at the situation of unequal discharge in subordinate canals, carried out research of optimal water allocation
in canal system. Selected the minimal water losses by canal water delivery and minimal time difference among rotation
groups, set up the multi-objective optimal water allocation model. Taking the switch state of the subordinate canals and
actual discharge as the decision variables, the optimal combination of rotational irrigation group has been solved by using
the Bi — level PSO Method. The optimal water allocation model in canal system was successfully constructed under un-
equal discharge in subordinate canals. The result obtained by using the Bi — level PSO Method has been showed: The ro-
tation irrigation groups were divided rational. It suggested that the discharge at lateral canal of change range was 74.3%

~T77.6% and the discharge of branch canal was flowed smoothly, the maximal water allocation time was 113.4 h, which
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was less than the 168 h in original water allocation plan constituted by hand. Each canal discharge was changed within

the allowable range, the allocation time combination in the process of optimal water allocation in canal system was ratio-

nal. The allocated discharge in superior canal was equalization to avoid the effects of discharge suddenly change in supe-

rior canal to the subordinate canals. Not only the surplus water in canals was decreased, meanwhile let each irrigation ro-

tation group was close in same time, the gate regulating times were effectively reduced, the decision-making can be pro-

vided for the irrigation management division to draw up the water allocation plan.

Keywords: canal discharge; unequal discharges; Bi— level PSO Method; optimal water allocation
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Table 1  The comparison of optimal results in reference[ 9 — 11]

with results of this research

HiH SCHR(9]  scEk[10]  SCER(11]  ASCREA
It\ Reference  Reference  Reference Model in
em [9] [10] [11] this paper
Ay =AY ¢ 3
HKBIR /10" m 14.98 13.48 12.41 12.35
Water conveyance loss
o]
fic K sf ] /d 1 . -

Water allocation time
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Fig.2 The No.1 Sub-branch canal and subordinate lateral canals
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Fig.3 The discharge change in branch canal

®2 VWERTFHEZNSHRE
Table 2 The parameters setting of the Bi - level PSO Method

RRZHR TR ERLT RRZHRT EERT 3§ A AT AT
TR N T BE HEE Y The number 2 TRIE cl 2
Particle scale Particle scale Particle velocity Particle velocity £ lateral Iteration Learning Learning
in canal in discharge range in canal range in discharge ? az times factor factor
system layer layer system layer layer can Cl1 C2
100 10 [-4,4] [ -0.001,0.001] n =20 100 Cl=1 =1
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Table 3 The optimal rotation irrigation combination of research objects
WY A 5 ek
el 4 e LI ALK
Rotation . LR L i [8] /h
Lo Optimal rotation irrigation combination Lo
irrigation group Duration time
ENSN k2 ENSE b4 ENsES S 14 ERSRY)
1 No. 1 lateral No.2 lateral No.3 lateral No.4 lateral No.9 lateral No. 14 lateral No. 17 lateral
canal canal canal canal canal canal canal
K H5EE
B8] /h 20.4 14.5 8.6 17.1 16.6 24.9 11.3 113.4
Duration time
ENSE 36 k1110 ENSRT! b1 15 L1116
2 No.5 lateral No.6 lateral No. 10 lateral No. 11 lateral No. 15 lateral No. 16 lateral
canal canal canal canal canal canal
G145
B[R] /h 26.2 12.9 18.0 19.3 17.1 19.9 113.4
Duration time
ENSE ENSEY ENSRY) ERSRE ERSET L1119 341120
3 No.7 lateral No.8 lateral No. 12 lateral No. 13 lateral No. 18 lateral No. 19 lateral No.20 lateral
canal canal canal canal canal canal canal
1K /b 19.3 18.2 19.3 19.3 25.3 5 7 113.4
Duration time
x4 JEMUBKIEREBSHE
Table 4 The time and discharge of optimal water allocation in lateral canals
SR/ (') SRR/ (s
Discharge of lateral canal Discharge of lateral canal
e [ e fic7k
e L o U L - D
oo ME gy WIRCKIGR S mR pegny KT
No.of  Theperiod  iyfikt  Kifikk )Eg %"Eé'* No.of  Theperiod  iJfikt  JKifikk %g ﬁ";é'*
lateral of water Design Optimal Pere ¢ lateral of water Design Optimal P ¢
allocation discharge  allocation ercentage o allocation discharge  allocation ercentage o
canal /h 50 . optimal allocation canal /h P . optimal allocation
/(m*+s™1)  discharge . /(m*+s™')  discharge .
Jdes-1) discharge and S 1) discharge and
design discharge/ % design discharge/ %
1 0~20.4 0.3 0.223 74.3 11 57.1~76.4 0.3 0.233 77.6
2 20.4~34.9 0.3 0.233 77.6 12 37.5~56.8 0.3 0.227 75.7
3 34.9~43.5 0.3 0.233 77.6 13 56.8~76.1 0.3 0.233 77.6
4 43.5~60.6 0.3 0.223 74.3 14 77.2~102.1 0.3 0.233 77.6
5 0~26.2 0.3 0.223 74.3 15 76.4~93.5 0.3 0.233 77.6
6 26.2~39.1 0.3 0.223 74.3 16 93.5~113.4 0.3 0.233 77.6
7 0~19.3 0.3 0.233 77.6 17 102.1~113.4 0.3 0.233 77.6
8 19.3~37.5 0.3 0.233 77.6 18 76.1~101.4 0.3 0.233 77.6
9 60.6~77.2 0.3 0.223 74.3 19 101.4 ~ 106.4 0.3 0.223 74.3
10 39.1~57.1 0.3 0.233 77.6 20 106.4 ~113.4 0.3 0.223 74.3

B /KEF B 0 B 2012 4F 6 17 H 8 BB /K IR - 4 st ]

4 heS5%E

SRR T M DXL DA T R0 r i A S
TEDC, ATEE DX 1) 3t BRSO AR AT L 3R] G L
B AR UL LRI DX 2 A E T X R T 5
DX, 2 ML TR (g Al = 5 A, T X ) R B [
I AFAE K G IRA R AN R AR . A SOOI T2 2R
/D JRE A A A i) R 2R T 1 g K 45K O 1 v
SR L DX SCRE R 8 33 T AR TR R A7 Bk, 15 A

Note: The beginning of water distribution is at 8am, June 17, 2012.
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