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Tab.2  Storage powers corresponding to different water tables in early June in a hydropower reservoir (initial recursive line)

JF5 1 2 3 4 5 6 7 8 9 10 11
KA/ m 845.00  846.28  847.55  848.83  850.10  851.38  852.65  853.93  855.20  856.48  857.75
HLAE/ MW 0 4.522 9.232 14.132  19.276  25.272  31.482  37.908  44.649  52.163  59.913

75 12 13 14 15 16 17 18 19 20 21

KA 859.03  860.30  861.58  862.85  864.13  865.40  866.68  867.95  869.23  870.50

LB/ MW 67. 899 76.323 85. 686 95. 344 105.274  115.765  127.180  138.894  150.913  163.673
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Fig.4 Monthly stable recursive lines of hydropower station
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Tab.3 Results comparison between optimal operation and conventional operation
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(1971) (2000) (2001) (42 4) (1971) (2000) (2001) (42 4F)
AL IR EE & 11. 629 12.249 10.229 10. 744 3.609 1. 639 117.43 91.28
LA 10. 529 125.54 89.93
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(2) LROOH 2l i) 1] 2 J&T L i L8 HE ) BAT BE R 05 3 K HE i A I 22742 | B mT 48 A R RIORS 4 Ak LA %
PSR W RO SRR LU MR L 4], 22438 T A 2. 0% DL L PRAIER B

i A AR SCER T LROOH , J2 BEHL B 25 ML |38 1 58 A5 07 vk W £ S8 L, A0 AR SR 5 i L D i
W% 2 S, O a8 T PR SR A N OGBS A A

£ £ X .

(1] 20, fRE, abk, % DUTPHLHEUK SCIE B RS )], AR 7R, 2014, 25(1) : 112-119. (PENG Tao,
WEI Cheng-zhi, YE Jin- tao, et al. Hydrometeorology forecast system of the Danjiangkou basin in Hanjiang [ J]. Journal of
Applied Meteorological Science, 2014, 25(1); 112-119. (in Chinese) )

[2] WER, BPRE, XV, 45 BRI Sh A R BEAT K i sl /K PR e LRI BE [ D ] KR 24, 1982, 13(7): 1-7. (TAN
Wei-yan, HUANG Shou-xin, LIU Jian-min, et al. Application of dynamic programing in optimizing the regulation of reservoirs of
hydroelectric station[ J ]. Journal of Hydraulic Engineering, 1982, 13(7): 1-7. (in Chinese))

[3] TUM Y, HSU N S, YEH W W G. Optimization of reservoir management and operation with hedging rules[ J ]. Journal of Water
Resources Planning & Management, 2014, 129(2) . 86-97.

(4] JEAWER, BRAZk, 251, 45, 2 HbRE BE IR0 SRS AL B FSE R AEFE[ T ], S rp RO 224l ( AR B |, 2014, 42
(2): 6-10. (ZHOU Yan-lai, GUO Sheng-lian, LI Yu, et al. Multipurpose reservoir operating rule curves adapt to climate change
[J]. Journal of Huazhong University of Science and Technology ( Nature Science Edition) , 2014, 42(2) ; 6-10. (in Chinese) )

[5] SUIADEE W, TINGSANCHALI T. A combined simulation-genetic algorithm optimization model for optimal rule curves of a
reservoir: a case study of the Nam Oon Irrigation Projection, Thailand[J]. Hydrological Process, 2007, 21 3211-3225.

(6] T, TARAE, BRZM, 5. JET07 FOR 55 REUL AL YK 22 B R IR BB R LR HI[ ) ] K F“#4i, 2012, 43(5) .
564-570, 579. (WANG Zong-zhi, WANG Yin-tang, CHEN Yi-wei, et al. Multi-objective reservoir regulation model based on
simulation rules and intelligent optimization and its application[ J |. Journal of Hydraulic Engineering, 2012, 43(5) : 564-570,
579. (in Chinese) )

[7] CHEN L, MCPHEE J, YEH W W G. A diversified multi- objective GA for optimizing reservoir rule curves| J]. Advances in
Water Resources, 2007, 30(5) : 1082-1093.

[8] SIGVALDASON T O. A simulation model for operating a multipurpose multi reservoir system[ J]. Water Resources Research,
1976, 12(2) . 263-278.

[9] ZHOU Yan-lai, GUO Sheng-lian. Incorporating ecological requirement into multipurpose reservoir operating rule curves for
adaption to climate change[ J]. Journal of Hydrology, 2013, 498. 153-164.

[10] MADANI K, LUND J R. Modeling California’s high-elevation hydropower systems in energy units [ J ]. Water Resources

Research, 2009, 45(9) . 1-12.

1] ik, XGRS, FRERMR. K stk R AR BE A BEAL S A D7 TE (1], AR RSA2A4, 1998, 28(2) : 130-136. (TANG
Bin, LIU Jian-min, ZHONG Wei-jun. Stochastic dynamic programing method of hydroelectric station optimal operation [ J].
Journal of Southeast University, 1998, 28(2) : 130- 136. (in Chinese) )

[12] LITTLE J D C. The use of storage water in a hydroelectric system[ J]. Journal of the Operations Research Society of America,
1955, 3(2) . 187-197.

[13] &R, HE, T, PR Ak ot r E—InsE A Bk 1], R TRBEIS S5, 2001, 21(4): 8-13.
(JIN Ju-liang, YANG Xiao-hua, DING Jing. An improved simple genetic algorithm
Systems Engineering- Theory & Practice, 2001, 21(4); 8-13. (in Chinese) )

accelerating genetic algorithm [ J ].



%5 EIRAE, A KL K BRI P AR K A T 31

Long-term reservoir optimal operation model and operation curves for
hydropower based on genetic algorithm and stochastic dynamic programming

WANG Zong-zhi', WANG Wei*, LIU Ke-lin', CHENG Liang'
(1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research
Institute, Nanjing 210029, China; 2. Management Department of Foziling Reservoir, Lu'an 237272, China)

Abstract; Owing to uncertainties of hydrological forecast and directives, the operation rules play a very important
role in managing reservoirs, and are the most commonly used and effective tools for the reservoir dispatching
operation of hydropower stations, though the real time optimal operation based on mid- and long-term hydrological
forecasting information which has been studied for many years. So the development of the reservoir optimal operation
model for formulating operation rules has always been a research hotspot in the relevant field. A model named long-
term reservoir optimal operation model for hydropower, based on genetic algorithm and stochastic dynamic
programming ( hereafter referred to as LROOH) is established, which couples the stochastic dynamic programming
and the real coding accelerating genetic algorithm. This model solves the difficult problem with a satisfied scheme,
via building the objective function and minimizing the absolute values of the difference between the calculation
reliability of the guaranteed capability and its target reliability, with penalty coefficient as an independent variable,
and making full use of the parallel computing ability of genetic algorithm. And then the LROOH becomes much
easier to have access to the global optimal solution by using the real coding accelerating genetic algorithm instead of
0. 618 methods that are usually used before to improve the computing efficiency. As an example, the LROOH is
applied to an annual regulation of a reservoir of the hydropower station. The research results show that the model is
effective, with some excellent properties that are without any constraint of annual and multi-year regulating storage ,

and that the optimal rules can meet the requirements of the guaranteed reliability and increase output by more than

2.0% with a higher reliability.

Key words: water resource management; reservoir optimal operation; stochastic dynamic programming; genetic

algorithm ; operation curves



