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Table 1 Main characteristic parameters and
calculation parameters of power plant
e HfH
EHFKAL/ m 645.00
HEARAL / m 637.00
SN / MW 220.0x6
FHRSIX / MW (80,190)
ML AE LR K i/ m? 1200
TR AN / m 641.93
HUH B o B A 4
VA EZ IR BE / min 15

S 300 R P A AR v, — R 2 AL R vl i T A A
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FL 3285 7 o R AR A K RO B ol 183 . AR SR A
MK AR TR 67 A 26 (R 30780 H 5 R A T U B
&1 2 Sk H il 7 4y 75 oK, S35 10 a7 2658 0.50 A A R A
N B S 67 T Ol 0.28 (R /IR 3 S R
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FFEK L 2 BK SkB R AT 4007, 5 R AN 2 R o

M2 0T LA S TF AL 2R SR SR AL
A3 BIERETR A 1) 25 (BRI B A9 45 AR IR C 19 6 %5
LA, MR H i 3553 m* / s, 3 B HLAL I 28 /K
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Fig.2 Typical daily loads in dry-season
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Table 2 Comparison of water consumption between two startup modes
BT AL BT XUHL
BE I HLa - REE /KKK FRKE/ - Rt /o KBRS FEAKR/
fFifar / MW (mis) m [m*s (kW -h)] i faf / MW (m’+s7) m [m3+ (kW +h)~]
1 0 — 0 0 —
A 3.79 3.79
2 205 118.4 2.08 205 118.4 2.08
3 0 — 205 126.1 2.21
B 3.79 17.19
4 205 118.4 2.08 205.1 126.3 2.21
5 0 — 0 0 —
C 3.79 0
6 205.1 118.5 2.08 0 0 —
AiHE 615.1 355.3 — 2.08 615.1 370.8 — 2.17

R3 HXAXFENLEE
Table 3 Unit startup-shut down set in dry-season
with high-rate load

x5 HMAHGERINKX

Table 5 Vibration regions of unit commitment

B fju%}%*jz/ TR & Jim T$é§U¢
MW 15 2% 3% 4% 55 6% HO# BE
1 440.0 1 0 0 0 0 1 2 31
32 438.0 1 o0 0 o0 0 1 2 1
33 535.8 1 1 0 1 0 1 4 1
34 847.2 1 1 0 1 0 1 4 48
82 875.9 1 1 0 1 0 1 4 1
83 615.1 o 1 0 1 0 1 3 1
84 479.4 o 1 0 1 0 1 3 1
85 4378 o 1 0 0 0 1 2 12
96 440.0 o 1 0 0 0 1 2 —

x4 HNAXFENEE
Table 4 Unit startup-shut down set in dry-season
with low-rate load

g DURTRR / THENH S TFHL 5%

MW 15 28 38 4% 58 65 68 B

1 75.2 1 0 0 0 0 o0 1 37
38 405.5 1 0 0 1 0 0 2 1
39 485.9 1 o o0 1 0 1 3 2
41 690.5 1 1 0 1 0 1 4 15
56 653.2 o 1 0 1 0 1 3 2
58 4385 o 1 0 0 0 1 2 2
60 199.7 o 1 0 0 0 0 1 7
67 257.2 o 1 1 0 0 0 2 2
69 476.0 o 1 1 0 0 1 3 2
71 663.0 1 1 1 0 0 1 4 15
86 655.5 1 o 1 0o o0 1 3 2
88 437.0 1 o0 0 o0 0 1 2 1
89 202.4 1 0 0 0 0 0 1 8
96 80.5 1 0 0 0 0 o0 1 —
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LA A PR sl X g S an 2 5 s, bifi 4 Bl A
EEBEIN, 4 AR 3 XA BB A

HAEPAHER / & AERR /MW AERSIX / MW
1 220 (80,190)
2 440 (160, 190)U(300,380)
3 660 (520,570)
4 880 (740,760)
5 1100 —
6 1320 —
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Fig.3 Load distribution results of Unit 1-6 for dry-sea-
son with high-rate load
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Fig.4 Load distribution results of Unit 1-6
for dry-season with low-rate load

4 #ig

— ] Z2 AL R o AR LR R 1 29 TR 4%
BE AT MK Sk A0S AT A S 2 7Y g e X
E G A (L P T SN NG | R R =2
WA LR T BEAT R 0 5 BRI, S B 22
RAVIBAT, RAL F B RANLE . X2

P L ol HLAL 8] S 2% (K TR &R AR SCt AT 1 AN
BETR T i e LTI & S 25 e T HLA & T I S
DAL B P B AL, B 1 255 ) e s R s
HE L LA TR B 7 T HLRR R BT HILAL & 8907 ik
SCEL T LLRE AN R A S BORERL . e DLAL
IR LS DR Al /N AN TR S8 60 4y S DA 451
BRI 5 v 1 B A S T O — TR 2L
b R G o FC B AL 1 DS T AT SR it S

Sk :

[0 ] sREE RN oK HL b IR R 5 1 K B I 7K I i AR A AL
Wh7ElI]. ki Sk &g, 2016,2(6) : 70-77.
ZHANG Liang, CHEN Hongchuan. Hydraulic transients simu-
lation in hydropower station with long water diversion tunnel
[J]. Hydropower and Pumped Storage,2016,2(6):70-77.

[2] kAL, KA ETr a7 M ] JE5T . b E KR K L S AR
#t,1988:123-125.

[3] 11 Xiang, LI Tiejian, WEI Jianhua, et al. Hydro unit commit-

ment via mixed integer linear programming:a case study of

the three gorges project, China[J]. TEEE Transactions on Po-

wer Systems,2014,29(3):1232-1241.

CHENG Chuntian, WANG Jianyang, WU Xiyu. Hydro unit com-

mitment with a head-sensitive reservoir and multiple vibra-

—
~
s

tion zones using MILP[J]. IEEE Transactions on Power
Systems,2016,31(6) :4842-4852.

o RARZI N e R Y S AU B R S R
ATEEELT]. mITRSEA ik, 2009,33(13) :13-16.

JIA Jiangtao, GUAN Xiaohong,ZHAI Qiaozhu. Short-term opti-
mal scheduling of head-dependent cascaded hydropower sta-
tions[ J]. Automation of Electric Power Systems,2009,33(13):
13-16.

A, FiAl, B A5 . — RS U 0-1 8t LA 2 AR
BRI BRI ]. A HL TR 2, 2015, 35(11)
2770-2778.

DENG Jun, WEI Hua, LI Jinghua, et al. A mixed-integer li-

near programming model using four sets of binary variables

—
W
-

—
(=)
s

for the unit commitment problem[J]. Proceedings of the
CSEE,2015,35(11):2770-2778.

JAZRTE, T R, 45 BRI LI =t
SEREAL S AR ST ()], R LT AR 240, 2017,37(12)
3437-3448.

ZHOU Dongqing, PENG Shiyu, CHENG Chuntian, et al. Cloud

computing stochastic dynamic programming algorithms for

—
N
-

long-term optimal operation of cascaded hydropower stations
[J]. Proceedings of the CSEE,2017,37(12):3437-3448.
ZHANG Yanke, JIANG Zhiqgiang, JI Changming, et al. Con-

trastive analysis of three parallel modes in multi-dimensional

—
o]
[

dynamic programming and its application in cascade reser-
voirs operation[ J]. Journal of Hydrology,2015,529:22-34.
T, AR SR BRI AR L K R G R A B 2 A
gAML ). W1 A sk s, 2016,36(11) :75-81.
FENG Zhongkai,NIU Wenjing, LIAO Shengli, et al. Multi-core

parallel progressive optimization algorithm for mid- /long-term

—
o
[

generation dispatch of hydropower system [J]. Electric Power
Automation Equipment,2016,36(11):75-81.
BRI, £, 55 PRI I AL A it i 2
PALTLLI]. BITRE A8k, 2010,34(17):83-88.

LIAO Shengli,CHENG Chuntian, WANG Jing,et al. An im-

proved progressive optimality algorithm for medium-term ther-

—
—_
=]

[t}

mal-unit commitment optimization [J]. Automation of Electric



86) ® 0 & % L B £39%

Power Systems,2010,34(17):83-88. colony optimization algorithm[J]. Energy Conversion and Ma-

[11] CHENG Chuntian,SHEN Jianjian,WU Xiyu. Short-term schedu- nagement,2015,91(91):19-31.
ling for large-scale cascaded hydropower system with multi- [18] LIAO Shengli,LIU Benxi,CHENG Chuntian,et al. Long-term
vibration zones of high head[J]. Journal of Water Resources generation scheduling of hydropower system using multi-core
Planning and Management,2012,138(3):257-267. parallelization of particle swarm optimization [J]. Water Re-

[12] R, B M, Bt 25 KRR R s R 00 O AL 8 T sources Management,2017,31(9):2791-2807.

A 22 W R ) R . KR4, 2012,43(1) :31-42. [19] 28500 bt AR08 B, 55 . S TR dE AR ST 0 BB 2
WU Xinyu, CHENG Chuntian, SHEN Jianjian, et al. Short-term i) e A s Be L) ] K D)k A, 2012,31(2) £ 38-43.

optimal operation methods of large-scale hydropower plants JI Changming, XIE Wei, ZHU Xinliang, et al. Optimized load
Il : solution method of peak load regulation for multiple power allocation of cascaded hydropower stations based on virus par-
grid[J]. Journal of Hydraulic Engineering,2012,43(1):31-42. ticle swarm optimization algorithm [J]. Journal of Hydroelec-

[13] TURGEON A. Optimal short-term hydro scheduling from the tric Engineering,2012,31(2):38-43.
principles of progressive optimality [J]. Water Resources Re- [20] Z=ffil, BEREA], the g, 45 . T PR A R B9 AGC 45 1
search, 1981,17(3) :481-486. Aem[0]. HERAL TSR, 2014,34(7) 1 1113-1123.

[14] FRABE, B, 304,48 . LTI L8 ik i s e rp 40 LI Shushan, LIAO Shengli, SHEN Jianjian, et al. Automatic
ALY ], Wy A3l ks ,2012,32(12):87-91. generation control strategies of cascaded hydropower plants
ZHANG Dongxiao, WANG Jing, FAN Wei,et al. Midterm opti- oriented to the coordination of power plants and power grids
mal operation based on parallel genetic algorithm for hydro- [J]. Proceedings of the CSEE,2014,34(7):1113-1123.
power stations[J]. Electric Power Automation Equipment,2012,
32(12):87-91. 1EE T

[15] KUMAR D N,REDDY M J. Ant colony optimization for multi- A EM(1993—) , k, N EFT L ZRA

purpose reservoir operation[J]. Water Resources Management,
2006,20(6) : 879-898.

[16] TRE kBTN, ARV . Tk T OO0 AL ST RO UK 1L R
GEAPTIHEZLT]. 1 A3 ,2010,30(10) :17-21.
ZHANG Zhisheng, FAN Xiujuan, LIN Tao. Economic dispatch

of cascaded hydropower system based on quantum ant colony

AN GREFF G R Ty 6 AR R
#1247 (E-mail : hyzhao@mail.dlut.edu.cn) ;

B (1980—), %, #dy s An A, &
B W, BB d A K Kl WA
W H & & % % % I (E-mail: Shengliliao@
dlut.edu.cn);

optimization algorithm [J]. Electric Power Automation Equip-

ment,2010,30(10):17-21. AR F OA979—), F, FHITRA, &

[17] LU Peng,ZHOU Jianzhong, WANG Chao,et al. Short-term hydro AW B E, AT @ AT
generation scheduling of Xiluodu and Xiangjiaba cascade R WA Al A R RIE AT X 4 A (E-mail : glee@dlut.
hydropower stations using improved binary-real coded bee edu.cn) .

Short-term load distribution method for diversion hydropower plant with
multiple turbines in one tunnel

ZHAO Hongye"?,LIAO Shengli'*,LI Gang'?,ZHOU Ling an"*,LI Shushan’, WU Zhaoping'
(1. Institute of Hydropower & Hydroinformatics, Dalian University of Technology,Dalian 116024, China;
2. Key Laboratory of Ocean Energy Utilization and Energy Conservation of Ministry of Education,
Dalian University of Technology,Dalian 116024, China;
3. Power Dispatching Control Center of China Southern Power Grid,Guangzhou 510623, China;
4. Power Generation Company Tianshengqgiao-Il Hydropower Station,Xingyi 562400, China)
Abstract: Many large hydropower stations in China adopt long distance water diversion power generation
mode with multiple turbines in one tunnel, short-term load distribution faces problems of mutual interfe-
rence between units and complication in hydraulic head calculation and so on,and it is extremely difficult
to model and solve. Considering the complex hydraulic connection between units,two-stage modelling is adop-
ted. In the first stage,an optimal on / off model of units considering duration constraints is established, and
the heuristic searching strategy combined with progressive optimization algorithm is adopted to determine
the start-up tunnel and the optimal on / off unit commitment. In the second stage, the load distribution
model with the criteria of determining water consumption by electricity generation is established, and the
dynamic programming method is used for optimal load distribution among units under the given on/off
unit commitment. The load distribution of a hydropower station of Hongshuihein dry-season under different
typical load rates is taken for example,and results show that the proposed method is of strong practicality
and can satisfy practical operation requirements.
Key words: hydropower plant with multiple turbines in one tunnel;short-term;load distribution;unit commit-

ment ;vibration zone



