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Fig 1 Sketch of representative delivery water canal
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, 225 km, 16 15 km
0.2m/h 30. 0~ 60. 0m’/ s
( ) 1 2 6h :
3
( 2 , 40m’/ s , 1~ 4
h , 5~6h ()~ (14) ,
. 1~ 4h (3) ., 5~6h (3) :
3 4 , ,
2
1 m’/s
Table 1 Initialized runoffs of all stations
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
60.43 59.55 60.95 6174 6004 60.97 58.68 60.29 6134 6168 0.8 59.46 61.27 59.18 588 5950
2 m’
Table 2 Initialization volume and goal volume
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
10.24 10. 58 8.46 9 & 9.32 8. M 11 36 8 & 790 12.42 9% 11.50 9 83 7.89 9. 28
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
3
Table 3 Computing results of runoff and volume for all period
/(m s~ )
. 00 2 00 3 00 4 00 500 6 00 I 00 2 00 3 00 4 00 5 00 6 00
1 60. 43 44 49 47. 29 63. 60 40 40 10. 24 9. 64 952 10. 00 10. 00 10 00
2 59.55 46 16 47. 62 62.28 40 40 10. 58 9.57 9 48 10. 00 10. 00 10 00
3 60. 95 48 96 47. 87 . 83 40 40 8. 46 9.46 933 10. 00 10. 00 10 00
4 61.74 46 18 ) 58.97 40 40 9. 86 9.42 928 10. 00 10. 00 10 00
5 60. 04 4740 8. 0 56.97 40 40 9.3 9.38 928 10. 00 10. 00 10 00
6 60.97 47 24 .. 8 54.96 40 40 8. & 9.36 9 28 10. 00 10. 00 10 00
7 58.68 45 36 49. 10 52.97 40 40 11. 36 9.41 929 10. 00 10. 00 10 00
8 60.29 50 77 9. 4 51.01 40 40 8. &4 9.38 929 10. 00 10. 00 10 00
9 61.34 49 28 49. 67 49. 05 40 40 7. 90 9.40 930 10. 00 10. 00 10 00
10 61.68 45 12 49. % 47.09 40 40 12.42 9.53 9 30 10. 00 10. 00 10 00
11 60. 84 53 14 50. 60 45.15 40 40 9. 54 9.53 9 30 10. 00 10. 00 10 00
12 59.46 53 15 51. 24 43.20 40 40 11. 50 9.57 930 10. 00 10. 00 10 00
13 61.27 58 49 51. 9 41.27 40 40 9. 83 9.53 9 31 10. 00 10. 00 10 00
14 59.18 59 33 5. 60 39.36 40 40 7. 89 9.50 9 34 10. 00 10. 00 10 00
15 58. 88 54 85 53. 04 37.54 40 40 9. 28 9.58 936 10. 00 10. 00 10 00
16 59.50 54 00 53. 66 35.76 40 40
, 6h ( ) ,
( ) 2 ,
, : ; ) ( )



418 17

[ 1] Buyalski C P, Falvey HT, Rogers D S. Canal systems automation manual Volume I M]. Denver Colo: US Bureau of Reclamation, 1991.

[2] Ploss L. Canal automation using the electronic filer level offset ( EI- FLE) method| A]. Planning, operation, rehabilitation, and automation of
irrigation water delivery systems| C]. edied by Zimbelman, New York: ASCE, 1987.

[ 3] Chevereau G, Sclwartz benezeth S BIVAL system for downstream controll A]. Planning, operation, rehabilitation, and automation of irrigation
water delivery systems| C]. edited by Zimmbelman, New York: ASCE, 1987.

[ 4] David C, Rogers, Jean Goussard. Canal contwl algorithms currently in use[ J]. Journal of Iirigation and Dmainage Engineering, 1998, 124(1):
11- 15.

[ 5] Harald D, Frederiksen. Design of California Aqueduct| J]. Journal of Irigation and Drainage Engineering, 1968, 95(1R2) : 307- 328.

[ 6] Balogun, Hubbard Automatic Control flow using linear quadratic regulator theory[ J]. Journal of Hydraulic Engineering, 1988, 114(1):75- 101.

[ 7] Jear Lue Deltour, Franck Sanfilippo Introduction of Smith Prediction into Dynamic Regulation[ J]. Journal of Irrigation and Drainage Engineer
ing, 1998, 124( 1): 11- 15.

[ 8] Dewey H G, Madsen W B HFow control and transients in the California Aqueduct[J]. Journal of Irrigation and Drainage Engineering, 1976,
102( IR3) : 335- 348.

[9] ; . . [M]. : , 1983.

Twor step optimal operation and control method for long distance
gravity flow delivery in canals

HAN Yarr cheng, GAO Xue ping
( Schod ¢ Consructional Engineering, Tiarjin Unwersity, Tiarmjin 300072, China)

Abstract: A new two-step control method based on the principle of optimality is proposed for the gravity-flow in open channel
system. The first step is to control all the levels (or volumes) in the channel to reach the goal levels (or volumes) . The second
step is to adjust the channel flow of all sedions to realize the stabilized level. The optimization flow control model is built,
which make the levels reach the goal levels in the shortest time. The wrresponding cnstraints for this model, the downstream
wder demands, the maximum water levels, the allowable drawdown rate of water level, the allowable discharge capacity of the
channel, the minimum frequent of switching on and off the pump, and so on, are constituted. The solution to the problem is
proposed by using linear the program method or decomposing a large and complex system into two or three small and simple
systems. The example application of this method shows that the time during which the water levels reach the target levels and

keep them stable can be reduced from a few days to a few hours.

Key words: long distance; canal; optimization; control; water delivery; gravity flow; operation



