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Abstract

The traditional dynamic programming (DP) method has the disadvantages of “dimension disaster” and
long solving time. According to the characteristics of low water consumption rate of reservoir in high
head operation, a fast solution method for reservoir operation model of hydropower station based on
self-optimization simulation technology (SOST) is proposed. Under the premise of meeting the load
requirements and minimum discharge requirements of hydropower station, the method can improve
the operation level of reservoir as much as possible to seek the global optimal operation solution.
Taking the historical operation data of 30 typical days of Pankou-Xiaoxuan cascade hydropower sta-
tions as an example, the hourly optimal operation results of typical days in flood season show that this
method can realize the economic distribution of total load of Pankou-Xiaoxuan cascade hydropower
stations, and the total energy consumption of the cascade hydropower stations calculated by the op-
timal distribution is 1,042,300 kW-h, which is 3.89% less than the actual operation energy consump-
tion. Compared with the traditional DP algorithm, the calculation time of this method is reduced by
58.04%. The results show that the SOST method has good performance and can effectively improve the
utilization efficiency of water energy, which provides a reference for the optimal operation of cascade
hydropower stations.
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Figure 1. Flow chart of solving cascade energy consumption minimum model based on self optimization simulation technology
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Table 1. Output and water level of Pankou hydropower station on typical days in flood season

= 1. RHEE A AYE O 7K 3G Rk pL

B 1El/h THELH J1/MW SEBR/KAL/m HEKAL/m
0:00 0 346.56 346.52
1:00 0 346.55 346.52
2:00 0 346.63 346.60
3:00 0 346.62 346.60
4:00 0 346.61 346.60
5:00 0 346.61 346.60
6:00 0 346.61 346.60
7:00 0 346.61 346.60
8:00 68.14 346.60 346.59
9:00 68.14 346.60 346.59
10:00 68.41 346.60 346.59
11:00 68.41 346.60 346.59
12:00 68.31 346.59 346.58
13:00 68.31 346.59 346.58
14:00 60.41 346.58 346.57
15:00 60.41 346.58 346.57
16:00 72.42 346.58 346.57
17:00 72.42 346.58 346.57
18:00 79.64 346.57 346.56
19:00 79.64 346.57 346.56
20:00 150.99 346.57 346.55
21:00 150.99 346.57 346.55
22:00 140.31 346.55 346.54
23:00 140.31 346.55 346.54
0:00 139.27 346.54 346.53
160 346.62
140 346.6
> igg 346.58 .
= 20 346.56 =
;_E 60 j \ 34654 2
a0 | T e— I 346.52
20 SRR 346.5
0 - = Ek 346.48
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Figure 2. Change process of output and water level of Pankou hydropower station
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Table 2. Output and water level of Xiaoxuan hydropower station on typical days in flood season

7= 2. SRHAELEY B ANk Bk AR L

B 1El/h THELH J1/MW EBR/KAL/m HEKAL/m
0:00 231 263.63 263.68
1:00 2.12 263.64 263.74
2:00 222 263.62 263.68
3:00 231 263.57 263.65
4:00 2.03 263.51 263.57
5:00 2.08 263.42 263.54
6:00 2.01 263.38 263.45
7:00 2.11 263.36 263.47
8:00 16.31 263.43 263.51
9:00 16.01 263.48 263.73
10:00 15.83 263.50 263.82
11:00 15.93 263.53 263.63
12:00 16.64 263.55 263.65
13:00 16.82 263.58 263.78
14:00 17.32 263.58 263.73
15:00 18.21 263.52 263.68
16:00 18.32 263.50 263.81
17:00 17.43 263.42 263.88
18:00 17.32 263.50 263.95
19:00 16.23 263.42 264.03

20:00 2331 263.35 264.02

21:00 23.14 263.30 263.36

22:00 18.31 263.28 263.38

23:00 18.31 263.24 263.39
0:00 227 263.17 263.21

17 2 A0S 3 AR, X /NBEK LS EAT 20T, 0~7 BF4EHRE 2 MW A2 A IBE AR HE ), Gt /K A7 I 263.6 m R &
F)263.4m ity SEPRIKALAIVHE KA, F A IEARREF—S. 8~23 N H KR 16 MW 7245, 7£ 20 B Al 21
B AN TR) A BB K, T 24 MW Ae Ay, THEKAL S SRRk r il 22 b ek, HEEAA T 52 bRk b7 o [
SRRIKAL 2 A FE AN T RE S, MR KA 2 b, TR B 7 &/ NIEZ 1T /KA A 2. &
TEbR, ARRE KA AT AF/INIEAE & F /K EAH R A1 L R rT UK 2 1 L.
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Figure 3. Change process of output and water level of Xiaoxuan hydropower station

3. VKBRS DFIKGIE SR

Table 3. Water level and energy consumption of Pankou, Xiaoxuan and Pankou-Xiaoxuan cascade hydropower stations

3. BO. NBEARGED - /NHERS SRk B uE BN K LFIFE RE

B KAL/m EBRFERR/JT KW h THHEAFERE/TT KW h
" ®0 /N g /NI i g N i
0:00 346.52 263.68 0.01 2.52 2.53 0.02 2.29 231
1:00 346.52 263.74 0.01 248 2.49 0.02 235 2.37
2:00 346.61 263.68 0.01 243 2.44 0.01 227 228
3:00 346.61 263.65 0.00 243 243 0.00 2.36 236
4:00 346.61 263.57 0.00 2.40 2.40 0.00 232 232
5:00 346.61 263.54 0.01 227 2.28 0.01 2.16 2.17
6:00 346.61 263.45 0.00 245 245 0.00 231 231
7:00 346.61 263.47 0.00 241 241 0.00 231 231
8:00 346.60 263.51 3.35 0.95 430 3.37 0.78 4.15
9:00 346.60 263.73 3.54 0.98 4.52 3.49 0.64 4.13
10:00 346.59 263.82 3.20 1.47 4.67 3.28 1.19 4.47
11:00 346.59 263.63 3.48 0.87 435 3.41 0.63 4.04
12:00 346.59 263.65 3.08 1.46 4.54 3.13 1.10 423
13:00 346.59 263.78 339 1.41 4.80 3.32 0.84 4.16
14:00 346.58 263.73 3.15 1.14 429 3.13 091 4.04
15:00 346.58 263.68 3.28 0.97 425 331 0.90 421
16:00 346.57 263.81 3.61 1.49 5.10 3.23 1.01 4.24
17:00 346.57 263.88 333 0.63 3.96 3.61 0.27 3.88
18:00 346.56 263.95 3.65 0.99 4.64 3.88 0.66 4.54
19:00 346.56 264.03 4.07 1.03 5.10 4.03 1.34 537
20:00 346.56 264.02 443 1.27 5.70 4.45 0.88 533
21:00 346.56 263.36 533 1.17 6.50 5.43 1.02 6.45
22:00 346.54 263.38 5.47 0.98 6.45 5.55 0.48 6.03
23:00 346.54 263.39 6.03 1.01 7.04 6.03 1.02 7.05
0:00 346.53 26321 5.38 1.19 6.57 5.50 0.98 6.48
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Figure 4. Energy consumption change process of Pankou-Xiaoxuan cascade hydropower station
Bl 4. O - DN RK B EFERETLIEE

B 3 FIE 4 w145, ZRABEE, THEREREAH LLSE BRFERERA S — i RUBRR 0~7 B st H ) MG
SLPRFERE S T AR REIEALREF — 2, JETRKIX A, 9 WEH IR, SebrFERe i SAERE H L2, Ui W FE
REPEAL T EARAE — R TR B, X5 3 A1 4 i os IRV &

XHE 1 - ANERR ZRK R AR BEAT 0 AT, IR 4 Fow, TSR, D04 M C S AR R A il 2k 5 S PR
BATHZ T EIE, O LENS 220 3.43 MW, SR K i AR i 2208 0.24%, P55 i 22049 0.08 MW,
S SRR A 22 0 0.01 %, I B S AT~ 7 240 SRS A A2 o 2l (0L 70 BT T 5K i 5 SR R L B ZE 39 7E 0.1%
AW, Bhge R R LSRR D 0.01%, FL &P 240 TR FE AR 2

T - AINIERROK P SEPRIZ AT BFERE N 108.21 T3 kW-h, HRALTAIE FEI2 17 BFERE N 104.23 J5 kW-h, FERE
b 3.89%. R PRILE T K L A2 KRR R, T /INBEZK R AR AR K SR Rt o PRI B SR/ /K L 38 4T
IKALAETER W VR SAFAERE A, (H X0 T 7K kK B S EEBCA IR AHEEZ R /NIl R sl LA 0 7Kk
A BB BE S v, R ARRE R R DR SN X .

Table 4. Power generation deviation and energy consumption difference of Pankou, Xiaoxuan and cascade hydropower stations
F4. BO. NRELAKED - NHERERIK BB uA & R mEMFERE
LR HE/ T kW h WHRARE/AkWh  KEEME  SERFERE T kW h THEFERE/ T kW h FeREZ

& 11731 117.26 -0.04% 67.81 68.21 0.59%
/N 32.55 32.58 0.09% 40.40 36.02 —6.20%
Bh % 149.86 149.84 -0.01% 108.21 104.23 -3.89%

SRR B R (SOST) BN HKIZE(DP), %% - /NGERE K Bl g AT 0 BT B, PRy
ERABAT 15, RS R 5 PR,

Table 5. Calculation results of energy consumption of Pankou-Xiaoxuan cascade

5. B0 - NI RFERITEER

FERE/(JT kKW-h)
VNG DRI brifE 2 T R/
PN E] /M M
SOST 104.52 103.88 104.19 0.35 28.42
DP - - 104.07 - 67.74
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