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Abstract

The optimal operating rules for parallel reservoirs were built based on the aggregation-decom-
position method. The relationship between the total release of the reservoirs and the aggregation
reservoir storage could be expressed by piecewise-linear operating rules in the aggregation step,
and the release was decomposed to each parallel reservoir according to its ratio of inflow in the
decomposing procedure. Then the optimization model of parallel reservoirs was built, and its key
parameters were calibrated by the Genetic Algorithm. Three parallel reservoirs (the Baise, Long-
tan and Qingshitan reservoirs) of the Xijiang River in China were selected for a case study. The op-
timal flood operating rules were compared with the conventional operating rules, and the flood
peak of reference station for flood control could be decreased by 970 m3/s and 1320 m3/s in cali-
brated and validation periods, respectively. Thus, this method is beneficial for the reservoir’s real-
time operation to decrease the flood disasters.
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Figure 1. Schematic diagram: aggregation-decomposition of reservoirs
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Figure 2. Piecewise-linear operating rules
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Figure 3. Flow chart of the simulation-based optimization model
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Table 1. Parameters of the Baise, Longtan and Qingshitan reservoirs

1 ZEFESH
K TR K AL (m) Bigkmkhi(m)  BELEEZR(Z mY)  BKAERE AT ) (h)
B 214 228 16.4 132
T 359.3 376 50 120
I 2242 226 0.514 55

Table 2. Results of the three reservoirs and Wuzhou point in calibration period
2. REHRF—BHK=ZEREMNLEESR

H i (mfs) Tt (m?s) YR I & (m*s) FEH AL (M)
it L8 v AR 4 M etk it it et it A itk
1970 4310 3000 3630 18,800 13,300 12,900 1070 1090 1040 52,700 52,000 50,900

G

1974 4560 3000 2410 17,700 12,700 13,000 1980 1860 1650 52,700 50,200 52,000
1976 4010 2830 1060 14,900 12,000 13,000 1990 1990 1650 52,700 52,600 53,500
1978 6310 3000 4190 12,600 10,600 11,400 1940 1940 1650 52,700 52,700 52,500
1983 2980 2660 1010 19,100 11,500 18,800 1400 1400 1410 52,700 52,700 52,300
1988 1960 1960 830 20,900 12,000 11,700 1020 936 836 52,700 51,200 48,800
1994 2670 2610 1120 12,300 8300 4500 1660 1660 1550 52,700 52,700 49,800
1996 2930 2690 1440 15,600 11,600 9900 1440 1440 1350 52,700 53,300 52,800
1998 1140 1140 544 8400 5200 4230 2010 2010 1650 52,700 52,700 50,300
2001 11100 3000 4140 20,800 15,500 20,800 349 349 222 52,700 48,900 46,400

Ty 4200 2590 2040 16,100 11,300 12,000 1490 1470 1300 52,700 51,900 50,900

Table 3. Results of the three reservoirs and Wuzhou point in verification period
3. RWHRF—BHK=ZEREMNGEEESR

A i & (mYs) TR B (ms) FHIME (M) F M7 B (ms)
any A etk wit H etk wit B etk it W etk

1962 3630 2880 1310 11,500 6000 8310 963 1060 792 52,700 51,300 49,700

A

1966 6310 3000 2400 18,200 18,200 18,700 727 727 636 52,700 52,600 51,800
1968 7030 3000 3370 21,400 21,400 20,200 1500 1100 1130 52,700 51,600 48,800
2002 4370 3130 3450 20,500 12,700 12,900 1470 1220 1310 52,700 52,700 52,600
2005 1830 1830 1360 7860 5500 3810 1027 935 694 52,700 52,000 50,700

Ty 4630 2770 2380 15900 12,800 12,800 1140 1010 912 52,700 52,000 50,700

IKAE A6 BARS B0 4 P55 R A S 3P E . B VAL B 10 Ik, BRIRITEE 100 AR, B2 XHE#E 0.6,
AF AR 0.08, 15 A, BIPU s AKR 9: A (151.342, 0); B (187.887, 4591); C (188.237, 4620); D (189.178,
4625), 658 HART 30 HIFE JH b B F— a8 et K B 25 S an e 2 1 3 B

Wi 2 fE 3 pon, &= iE G-
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Figure 5. Optimal operation results of 100 years in the Longtan reservoir (2005)
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Figure 6. 100 years stream flow with the optimal operation at the Wuzhou station (2005)
6. FEMIE 1911 HEKIERE 45 R (2005 )

30



FETRE - TR T PERE B v A AL FE BT 7T

E&WmE

|

75 5 R # 5 42(51422907); HE ST LTS NA LHFTRI(NCET-11-0401); /KFIEBA 2 PEAT L

BHF L T4 22 150 H (201201051);  H o4 oK B2 2 1 H (T H 45 . 1261430210028)

BE Wk (References)

[1]

[2]

(3]

[4]
(5]
(6]

(7]

(8]

(9]

[10]
[11]
[12]

[13]

MR AR, BB B kAL R B2 A B A RIS K ik [0]. iBOKA R K224k, 1999, 32(5): 10-12.

MEI Yadong. Dynamic programming model and method of cascade reservoirs optimal operation for flood control.
Journal of Wuhan University of Hydraulic and Electric Engineering, 1999, 32(5): 10-12. (in Chinese)

MRz, 0445, X2, S0 3R, 2. = IRBh ZAIE LA 20K H i B I & R BE R FE 9], 7K 0K B %4, 2010,
29(6): 78-84.

CHEN Jionghong, GUO Shenglian, LIU Pan, GUO Fugiang and LI Yu. Joint operation of the Three Gorges cascade
reservoirs and the Qingjiang cascade reservoirs. Journal of Hydroelectric Engineering, 2010, 29(6): 78-84. (in Chinese)
B, AR, JRICE, HOL, mEAEER. BRI A LA U R e RO 3], AKRHEIERE, 2007, 18(6): 816-822.
LIU Pan, GUO Shenglian, ZHANG Wenxuan, XIAO Yi and GAO Shichun. Derivation of optimal operating rules for
cascade reservoirs. Advances in Water Science, 2007, 18(6): 816-822. (in Chinese)

HSU, N. S., WEI, C. C. A multipurpose reservoir real-time operation model for flood control during typhoon invasion.
Journal of Hydrology, 2007, 336(3): 282-293.

LIU, P., CAIl, X. and GUO, S. Deriving multiple near-optimal solutions to deterministic reservoir operation problems.
Water Resources Research, 2011, 47(8): WO08506.

LI, X., GUO, S., LIU, P., et al. Dynamic control of flood limited water level for reservoir operation by considering in-
flow uncertainty. Journal of hydrology, 2010, 391(1): 124-132.

MRARAR. JK RS K 24T S EIMI. dbst: o B A 7y i, 2008, 87-90.
CHEN Senlin. Hydropower reservoir operation and operating. Beijing: China Electric Power Press, 2008, 87-90. (in
Chinese)

SRR, T KEEARSG TREM] &8 WIIE=ESA B, 2002
JIN Juliang, DING Jing. Water resources systems engineering. Chengdu: Sichuan Science and Technology Publishing
House, 2002. (in Chinese)

KL, SRIEGR, ZEE, AR, B SEAE K B B K R SRR 0], KK R, 2006, 26(4): 78-83.
LIU Pan, GUO Shenglian, L1 Wei and Y1 Songsong. A review of application of genetic algorithm to reservoir opera-
tion. Advances in Science and Technology of Water Resources, 2006, 26(4): 78-83. (in Chinese)

LABADIE, J. W. Optimal operation of multireservoir systems: State-of-the-art review. Journal of Water Resources
Planning and Management, 2004, 130(2): 93-111.

CHANG, F. J., CHEN, L. and CHANG, L. C. Optimizing the reservoir operating rule curves by genetic algorithms.
Hydrological Processes, 2005, 19(11): 2277-2289.

LIU, P., GUO, S., XU, X. and CHEN, J. Derivation of aggregation-based joint operating rule curves for cascade hy-
dropower reservoirs. Water Resources Management, 2011, 25(13): 3177-3200.

OLIVEIRA, R., LOUCKS, D. P. Operating rules for multireservoir systems. Water Resources Research, 1997, 33(4):
839-852.

31



	Optimization of Parallel Reservoirs for Flood Control Based on the Aggregation-Decomposition Method
	Abstract
	Keywords
	基于聚合–分解的并联水库群防洪优化调度研究
	摘  要
	关键词
	1. 引言
	2. 研究方法与步骤
	2.1. 聚合–分解模型
	2.1.1. 聚合模型
	2.1.2. 分解模型

	2.2. 模拟优化模型
	2.2.1. 目标函数
	2.2.2. 约束条件

	2.3. 遗传算法

	3. 实例研究
	3.1. 西江流域水库群
	3.2. 常规调度
	3.3. 优化调度

	4. 结论
	基金项目
	参考文献 (References)

