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Abstract

The reservoirs located in the upper Hanjiang River lack a cascade hydropower station joint control cen-
ter, which are operated separately, leading to the lower water resources utilization efficiency. The Hua-
ngjinxia and Sanhekou hydropower stations are constructing; the argument on cascade reservoir opera-
tion center of the upper Hanjiang River is urgent. In this paper, the cascade reservoirs in the upper Han-
jiang River are studied by large system decomposition and coordination theory. The results show that
each cascade hydropower station has received better compensation benefits, and the cascade control
center from the Ankang reservoir should be transferred to the Sanhekou reservoir, owing to the water
diversion from the Han to the Wei River. The research has an important theoretical significance and ap-
plication value for the joint operation of cascade reservoirs in the upper Hanjiang River as well as the
improvement of the comprehensive utilization efficiency of water resources.
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Figure 1. Map of the upper Hanjiang River basin and reservoir location
1. 3GI Eismimik ARk EME R

Table 1. Main technical indexes of cascade power stations in the upper Hanjiang River
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Table 2. Optimization results of cascade power generation before water diversion
= 2. KA R A B EMRILER

WIAH EHRBEILWh BTSRRI wh U UIE B AR RS

B40 i /M2 KW-h B4 E 5 %
Ak 4.46 4.46 0.00 0.00
=3 2.92 2.92 0.00 0.00
AR 6.30 6.40 0.10 1.59
A 4.94 5.66 0.72 14.57
K923 28.00 26.61 -1.39 -4.96
HIFH 8.00 9.47 1.47 18.38
] 9.48 9.62 0.14 1.48
SHG| 7.80 8.56 0.76 9.74
a1t 71.90 73.70 1.80 2.50

Table 3. Benefit compensation of cascade hydropower stations before water diversion
7= 3. KA LR BB uh AR AME

A K FERINL m? M HL M KW-h FMER TG AitHet

4ol 0.84 0.06 0.012

S 0.115
= 6.5 0.47 0.093
ik 1.8 0.13 0.026
] 0.2 0.01 0.003

K 0.040
HIBA 0.41 0.03 0.006
B 0.37 0.03 0.005
30 0.29 0.02 0.004

= 4 0.215
B 14.72 1.05 0.211

Table 4. Optimization results of cascade power generation after water diversion
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wEH KNSEERER WY WKESER vy KBIEIEE o LA
Ak 4.46 3.83 -0.63 -14.13
=3 2.92 2.50 -0.42 -14.38
iR 6.40 5.00 -1.40 -21.88
B 5.66 3.87 -1.79 -31.63
K953 26.61 22.96 -3.65 -13.72
G 9.47 7.20 -2.27 -23.97
Eabld) 9.62 8.90 -0.72 —7.48
SM| 8.56 7.35 -1.21 -14.14
Hit 73.70 61.61 -12.09 -16.40

345



DU L3 B S K R IR & LR 7T

IFi) AR SR FE s 5 L3 ) P 255 LU A8 93 B 5 VAT K PEAMEE R8s 1 20 T, THERLS SRk 6 BT

B 6 ATl [EBEZE. KJHAE M 2 B AT G & FLALRS 17.69+ 6.70 Al 36.18 1476, TixX —#MERL RS EE ok
P5 T3 G A0 =30] LR K s . BT 3 Gy B K, BAR TR, AHAREVE bh A H O da il K
B, RO K E, AZERTIKE, ARG TR R, HaEE . ZKEARFER KBRS, a8
P TR, DA =] AT 1R A S AR B g 1 ot o

g BRI RT R A R R AR R ER G TR A R, i 2. B3 BR.

M 2, 3 A A

(1) Joil 51 DIl K AT IE 2 K IS, St oK R A VR B S AR E AN [FIRR B R Pk an $ 7, 3R W St bohs
W LG —EE, K IR IEOK RE R .

(2) BIEFBIRAKATIG, BEAG KA T B, X RIER T O R A T 588, 2 HOKER B2 Lif
B ZF TR =W KB, T, BUL IR OB e i 2

Table 5. Calculation results of total benefit
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ik XN VNGRS AMER AR
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Table 6. Benefit compensation of cascade hydropower stations after water diversion
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Figure 2. Power generation of each station in different modes
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Figure 3. Benefits of each station in different modes

E 3. FRRA T &BHNE

ER PR, FoBHT LA AR BRI = UK AR BB SR R IR & R B rh e, EAT IR R iR R,
BRIk, (HEMI AR BRI, el DLyksh ik, B0 & el i
KA KT IR Rt o

5. &g

(1) SIGEE KR, 22 Fe i 2 -T2 R B [ AIC 4.96%, =30 3Rk ik G 84k, AR & kAL
WTHEIAA P . oy, A BA s IR iR K, 4 18.4% . BEABR 2 AR R i SR EM L, 525 T 2.5%,
RUIBHII H EAFAE B R PR RE, 22 R ALl b A P O B R o L

(2) SIXTRHEAKIE, B ol A i B A AR, (B BRI K w75 5% i B @ A 73R4S T
BORRG R AMEE BB P oL 1 22 FREK B 7 28 Bl =] 1 K P

EHEWH

E XK 3R 5 4(51409210; 91325201); /K FIHR A 25 HEAT L ABHIF % 151(201501058) ;s Bk 7t 44 /K Rl AR v &1 150
H (2016slkj-8; 2017sIkj-16); 7 % H T. K 2% K R /K HL 2 B BHIF I H (2016 ZZKT-15).

SEHk (References)

[11 ZXE. B 5775 & FTREK BT A8 BRI, WALk 1% H#, 1993(1): 5-8.
LI Yichang. National and local combination of river basin hydropower development management system. Hubei Water Power,
1993(1): 5-8. (in Chinese)

[2] EHT, R, THE. EAOKETFREHSLGII]. K KERT T, 2006(7): 40-42.
WANG Xianggan, SONG Haihong, WANG Yijun. Examples of foreign reservoir development and management. Water Re-
sources Development Research, 2006(7): 40-42. (in Chinese)

[8] #%%ET. KESTEHAL FE KIS, 2011: 2.
XU Hongyu. Reservoir operation management. Chinese National Committee on Large Dams, 2011: 2.

[4] ORASHK, ARik, AENE, ZEORE. BRIEUE - A K IUBE Lk S — A B s AT A R ST D). AR AR HLJ), 2010(8):
1185-1187.
GUAN lJielin, YU Bo, LI Hui, LI Tianzhi. Investigation on operating and scheduling management mode with integration of
dispatch and control in Xiluodu-Xiangjiaba cascade hydropower stations. East China Electric Power, 2010(8): 1185-1187. (in
Chinese)

[6] FBmk. FAZKH) Sl IR R [I]. Wbk 1% H, 2007(4): 49-51.
ZHENG Wei. Research on centralized control of operating mode of cascade hydropower plants. Hubei Water Power, 2007(4):
49-51. (in Chinese)

[6] W&, FEZE. ERREK IR — S BALHIBT T[] AR, 2007, 29(1): 5-7.

347



DL

i A 2 7K P K 5 U LA 7

(7]

8]

(9]

[10]

[11]

[12]

[13]

[14]

KE Sujuan, ZHOU Kangjun. Study on the integrated management mechanism of water resources in the Yellow River basin.
Yellow River, 2007, 29(1): 5-7. (in Chinese)

EEt, MBS, TR, £ XR. ET a3k NSGA- I N /KEZ H bl EF 7). KR 2], 2017(2):
135-145+156.

WANG Xuebin, CHANG Jianxia, MENG Xuejiao, WANG Yimin. Research on multi-objective operation based on improved
NSGA-II for the lower Yellow River. Journal of Hydraulic Engineering, 2017(2): 135-145+156. (in Chinese)

RN, TR, Wb, BN KPR TSR R S Sh AR L R [J]. KRR, 2012(4): 414-421.
ZHAO Tongtiegang, LEI Xiaohui, JIANG Yunzhong, WANG Hao. Monotonicity in operation decision of reservoir and im-
proved dynamic programming algorithm. Journal of Hydraulic Engineering, 2012(4): 414-421. (in Chinese)

LEW, BN, XL, E#R, 5kEE. FE T2 R AR R 3h A FURI SR K AR AR R R 2 o (R BRI RIE E[3]. KR 2
%, 2016(1): 1-9.

JI Changming, LI Chuangang, LIU Xiaoyong, WANG Boquan, ZHANG Pei. Research and application of dynamic program-
ming algorithm in reservoir operation based on functional analysis. Journal of Hydraulic Engineering, 2016(1): 1-9. (in Chi-
nese)

T8, TR, b, ENE BT TR R A FOR KR EARAL[I]. KA A4, 2013(2): 26-34.
WANG Xu, LEI Xiaohui, JIANG Yunzhong, WANG Hao. Reservoir operation chart optimization searching in feasible region
based on genetic algorithms. Journal of Hydraulic Engineering, 2013(1): 26-34. (in Chinese)

BHE. SIGHE AR BN AIIR[I]. BEPE/KA, 2016(4): 13-16.
GE Yan. A preliminary study on the water supply price of the Yangtze River. Shaanxi Water Resources, 2016(4): 13-16. (in
Chinese)

RE, AEW], WERE, KIEL PRIUKERR B IRE R RG], K 77k H 244, 2015(11): 40-50.
WU Hao, JI Changming, JIANG Zhigiang, ZHANG Yanke. Large system decomposition-coordination model for optimal pow-
er-generation scheduling of cascade reservoirs. Journal of Hydroelectric Engineering, 2015(11): 40-50. (in Chinese)

BRoolk, @l XIAEEL AR —RRRERALAL inl BRIK DG B REA ] 18R, 2017(2): 119-125.

CHEN Yuanyuan, GAO Yan, LIU Zhimin, DU Shougiang. The smoothing gradient method for a kind of special optimization
problem. Operations Research Transactions, 2017(2): 119-125. (in Chinese)

HOWSON, H. R., SANCHO, N. G. F. A new algorithm for the solution of multi-state dynamic programming problems. Ma-
thematical Programming, 1975, 8(1): 104-116. https://doi.org/10.1007/BF01580431

348


https://doi.org/10.1007/BF01580431

	Joint Operation of Cascade Reservoir in the Upper Hanjiang River
	Abstract
	Keywords
	汉江上游梯级水库联合调度研究
	摘  要
	关键词
	1. 引言
	2. 汉江流域概况及数据资料
	2.1. 汉江流域概况
	2.2. 梯级水电站资料
	2.3. 径流资料
	2.4. 补偿计算资料

	3. 汉江梯级水电站优化调度效益估算
	3.1. 优化调度模型的建立
	3.2. 模型求解方法
	3.2.1. 系统优化模型分解
	3.2.2. 子系统协调
	3.2.3. 模型求解步骤


	4. 计算结果分析
	4.1. 调水前梯级水库优化计算
	4.2. 调水后梯级水库优化计算

	5. 结论
	基金项目
	参考文献 (References)

