Journal of Water Resources Research 7KXJEHRF 5T, 2014, 3, 291-297 Hans X
Published Online August 2014 in Hans. http://www.hanspub.org/journal/jwrr
http://dx.doi.org/10.12677/jwrr.2014.34036

Optimal Daily Operation of Cascade
Hydropower Stations

Liping Li, Shenglian Guo, Yanlai Zhou, Guang Yang

State Key Laboratory of Water Resources and Hydropower Engineering Science, Hubei Provincial Collaborative
Innovation Center for Water Resource Security, Wuhan
Email: liliping@whu.edu.cn

Received: Jun. 20", 2014; revised: Jun. 27", 2014; accepted: Jul. 14", 2014

Copyright © 2014 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Daily operation models for cascade hydropower stations were proposed and developed in this
paper. The dynamic programming (DP) was used to solve daily optimal operation for two deter-
ministic models with the goal of maximizing the hydropower generation and minimizing turbine
discharge of the cascade hydropower stations, respectively. The inflow (from July to December in
2013) and corresponding real-time hydropower record data were used. The optimal result
showed that hydropower generation can be increased from 0.581 billion kW:h to 0.648 billion
KkW-h (or an increase 11.54%) and turbine discharge of the cascade hydropower stations can be
decreased from 2.92 billion m3 to 2.89 billion m3 (or a decrease of 0.89%) compared with current
operation method. The assurance rate of firm output can be increased from 92% to 100%.
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Table 1. Design parameters of the cascade hydropower stations

1 BRUKBMESHR

FLk A B C D
HeK AR (km?) 1311 2501 4408 5127
WA (T m) 4915 52.9 7.48 78
1EH KAz (m) 2370 1782 1377.5 1272
BHIKAL(m) 2320 1775 1376 1270.5
HHLAF(MW) 100 86 81 102
TRAE H 73 (MW) 26 255 20.5 22.8
EH R R (IZ KW-h) 3.947 3.98 3515 4.266
AR AEHAT H s H 5 H 5

T AER R By B E
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Figure 1. Location of the four hydropower reservoir systems
1. SRR R uh TR

3.2. WHESRAH

FRAE O A AR K R B H SN A BORM IR ER(2013 4 7 A~12 H), @ rffie vk HAL b B
BERL, 3 SR LAZK AN DA f e K 207 2O 2B K sl BEREAT R A R B2 o e PR AL AK TR AR 7E T
SRR A TR FiHEAAH, LA DU E NS A HE 45 51, 1 NRSES B IKYE . LUK E LR
PAHLE KT I Geit 45 R an e 2 fde 3 fvR. 1) DK st Bk A ECRIE HE J7E 100 MW, 4%
MR LAK G R AT R T 5, BT o bR R ML BORME R, DU P B B R R F Ak B K e A 8 SR AH I
B K HLSE TSR bR K FL L 5.81 42 KW-h, fRALBEAL K HLE N 6.48 12 KW-h, %% 0.67 12 KW-h, il
N 11.54%, B6:4% K FAFAIE 2R 1 92%42 1 B E 100%, B A K &I & F] 93.07%, SRR L 11,
2) DAHSE/K: DAFE/K RN BARBREL, 4 DL e KA O 35 A K Bl AT DR AG TT 5 o ZBh K il
HFEKEAN 2917 12 m?, RALJEFEK A 28.91 12 m?, LK E 0.26 12 m®, 7B ~—0.89%.

A K DK E BT DL H S K 3R H S BrK Aia A7 b R AR ALK A AT i A2 4 il < 2 F ] 3 Fors



Bl K R R I 1R 2 SR e 7

Table 2. Comparison of operation results for hydropower generation

7 2. BRUKEEIER UK E RN SEFRMR UL ERGHT&R

R A B C D &t

bRk LR (12 KW-h) 1.30 1.39 1.42 1.70 5.81

BRI A HL B (12 kW-h) 1.34 1.52 1.66 1.96 6.48
HTE (%) 3.14 9.75 17.09 14.88 11.54

SRR HLAR 3G (14 6) 0.31 0.33 0.35 0.42 1.41

2 St Ptk R HL R (14.78) 0.33 0.38 0.42 0.49 1.61
HAIE (%) 8.60 12.94 18.54 15.63 14.57

FEKE(IZ m?) 1.84 3.13 6.52 7.70 19.19

KEFIR FEKE(Z m?) 0.02 0.59 0.35 0.46 1.43
KEF FH 2(%) 98.68 84.17 94.87 94.33 93.07

Table 3. Comparison of operation results for turbine discharge of cascade hydropower stations

7% 3. BRUKER GBI B RR SERRFA LSRG T3

20 A B it
SEFRFEK R (2 m?) 1.80 5.44 9.95 29.17
MALFE K R (12 m?) 1.66 5.39 9.9 28.91

AR (%) —7.45 -1.08 -0.55 -0.89
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Figure 2. Comparison of water levels of Reservoir A using model (I1)
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K SEIARTUI A K Sk s AEARTTUBIIN R A, SRS S P 22 0o DUA F B R TR A P R0 B
KRR TS SE FAHFE R R E T RS B, RRE O 7 SR s i Z (A 2250, TSI TR 7K
RiadT, B ifeasla). 4 Bra gk 2/t s 15 208k, AT L — D AAEL T IR i i 220 . £ LA
CEVVI T Save LN RTR D S VRS By 4% NG S 1 0 R s LW R TP DR A - RS B S =R

WK BEIEAT IR AT LASE 24 3
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Figure 3. Comparison of water levels of Reservoir A using model (11)

3. A FKEELAR E KR SEFRoK AT 2 Sk niZ F2 % EL &
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