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Abstract; [ Objective | With the continuous expansion of cascade hydropower systems and increasingly complex operational
environments, traditional optimized scheduling method struggle to meet the complex and diverse regulation requirements of river

basins, while their decision-making accuracy and computational efficiency remain limited. [ Methods ] To address these
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limitations, an optimized scheduling model was established for cascade hydropower systems that considered power generation
scheduling and water resource regulation, with minimum water consumption as the primary objective. Additionally, an efficient
solution method based on deep reinforcement learning ( Deep Q-Network, DQN) was developed. Using the cascade hydropower
system in the middle reaches of the Dadu River as a case study, three operating conditions ( medium, low, and high load) were
established. The model was trained using actual operational data and evaluated through water consumption and water level
processes. [ Results] The result showed that the DQN algorithm reduced computational time by approximately 41.37 times
compared to conventional method. Furthermore, DQN effectively balanced conflicting water regulation demands (e. g., water level
stability and flow control) , achieving an average reduction of 0. 058 m/min in the water level fluctuation index and a total water
consumption decrease of 11. 58 million m® compared to pre-optimization. Notably, the proposed model exhibited good stability
across diverse operating conditions. [ Conclusion ] The findings indicate that the DQN-based load distribution method enhances
system operational stability and safety while achieving breakthroughs in both scientific scheduling and computational efficiency.
By dynamically optimizing real-time power output distribution among stations, the intelligent decision-making framework
significantly mitigates water level fluctuations and reduces water consumption in power generation, thereby validating the
feasibility of coordinated power-water optimization. This method provides a novel technical approach for intelligent scheduling of
cascade hydropower systems and their optimized regulation under complex operational scenarios in the new era.

Keywords : load distribution; cascade hydropower; deep reinforcement learning; real-time scheduling; dynamic programming;
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Table 1 Parameters of “Pu-Shen-Zhen” cascade

hydropower stations
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Table 2 Load distribution of “Pu-Shen-Zhen” cascade

hydropower system during dry season

H It/ MW KA/ MW e/ MBE/MW
1 A 2 180. 57 4.337.46 232.85
12 H 1 851. 60 4085. 85 229. 82
1 A 1571.82 4017.51 242.26
2 A 1 371.01 3725.12 235. 68
3 A 1 587.34 3 447.65 137.58
4 A 1 090. 66 3 187.62 178. 08

2 T DQN 553k A SE I 3 8] £ i 23 B A 2

FEL 35 P 7R 3 R T2 5 el R 1Y) 8 7 fr S A R
WA, M NAPLAARE B A GRS
035 520 H Sl K 7 AR K B SO AR SCR AR L 2
G, FEZOPITA AT L R B e A I [FE R
BEROK I RS R K RE R B, I 0D KA % 3 1
O, SR AR AR S ER PR B R AL DT DR A
UK E2RRE BT,

FEF DOQN B303% () S 3k () 671 ey PG 1 29 BCASE 78 52
BERR PRI R G — IR AR K L 2 B P S 2 4
BRI HIR B AR RS, R E AR
REMRRY DON B REFAVAMELR . BB BiA b iy H AR ek
BOR AR A AR A SR AL S HEZR B SRR AR v | AN
e R ERAL 2 171 Ay 43 BC TC T2 T A2 K 207K A 32 il 7 oK
[P/, R REAR AR AR, DA S B K H 52
Fis 3k (1) A2 i 0 B 4D AR R 23K
2.1 FRRIKEBHILIREY

TR K FEL Sl AT R R AR, T
W Z MAFTE B VIR DB R, FHUKEM AR
& S L S L T @ el [ ST R [T S S
s, Ft, Bk s AT EAL R I 2 B R B
A

B2, Q. FKEE A TESS ¢« BB A EAR Ui 5
Qu. K gy, 35 RIKPE A FUKPE B 7E5 ¢ BBy itk
Uit Ly, N5 ¢ FBOKIE A Fl B Z [A] 1Y X Al 42 37 5
Lye A5 WHBETFURKE B A C Z I X AR, H

QA./ q 1t q}? t
-~ -~
L.‘lB. # LE[ s

WRese, %// BT DON B oK BIA S U IR ECHT R

i, g L, FEFIF RS « B BOKE B 1A
qn. 1 Ly, FERR RS ¢ BHBOKPE C I AT AL,
2.2 HifgsrE&E

T G K P 2R G0 VAT B ToR 5 L TR B RIK SRR . F
JIR BE AR TR K F i BEA B AT AR ET R B, S8
P A 57 A L P 07 i 5 K 80 DU ) A6 487K
JERER K BLFNL e S oK, A i R % vl T
WA, WIREEZUK B R G L R RE BT I T KB
CRE MR . PRI, SHEIBT F 8] — 7K R 75 SR A A B2 2k
SR AR AT LA A B K R A e 7 L ) 673 i i 4 14 T i
T CDAHEK” BG4 B B L B A R 4
7K HE, 2R 8 I 7 H 099 B 7 4 B L R R B < Kk
R RS | KA R E ) 5 2 4 K
SRUO, ARSCURE K B RN Ry B H AR, B E KA
gy ARSI, R BRI SE AR R, HE TR
Jost Fi, 98] 7K 3 A B4 K H 3l [ 67 A A3 R RS L
(LNELANE Vo)

f=Mn§:Z¢MXAt (1)
o, fAREGOoK Lk ] B A R AY 0 H bR R % T
HETRE B o R i ISTESS ¢ BT &
T (m/s) 5 Ae AR BB (s) o
T 7 H, il (1] A7 i 43 P A 7R 5 S 0 2 LR 2R
M
(1) 7K P2 o
Vi =V, +(Q,, —q., )t (2)
L, Vo R KEETES ¢ + 1 BB I Bow) R 2R
(m') 5 V., R i IKPETESE ¢« B B Bt BEWT IR 2% (m* )
Q.. F i KPETESS ¢ BB E A PR & (m*/s) 5 g,
R i KRS ¢ BB X PR B (m/s)
(2) P2 R

1
N = 2 N (3)
i=1
A, N, A o B A S B L Y R S

BB (MW) 5 N 55 o I BB g Be sy i
FLI ) R L BT (MW) 5 1 0 2 5 G 0 BE A L o

B2 HRRFEHL
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Table 3 Settings for comparative schemes
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Table 4 Hyperparameter settings
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Fig. 4 Variation curves of computation iterations and cumulative rewards under different hyperparameter combinations
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Table 5 Computational time of different schemes under

high, medium, and low load conditions

T T80 VES a2 HHARERT /s | BAKIRRAERT/s
FhREfT — —
rh A BT T 00 ED 27 654 32.01
(1) EY 28 153 32.58
EX 683 0.79
TR T — —
AR A A T8 VE 27 581 31.92
(41) EY 28 267 32.72
EX 697 0. 81
FhriEfT — —
e s .00 ED 27 234 31.52
(11 7)) &2 28 457 32.94
FE3 706 0.82

0.016 m/min, HEFTAHERKMFEHTHROTTE 1
FEAIK T 0.049 m/min F1 0.005 m/min, 7% 3 % H
DON B39 % JEK A PR il i oKk, FLUR VA AL
S IVERL 3 19 F- 241 KA 38 R £5053 018 0. 024 m/min 1
0.017 m/min, HETHE 1 FEIKT 0.044 m/min
0.004 m/min, ZKAZJE 1% LB B kst . 25518 4 1]
A, AR KA R T SR AT, DP Skt
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Table 6  Water level results of Shenxigou and Zhentouba dams under high, medium, and low load conditions

= = ST ——
9 T iRt S0 N KRR/ ABLIESE m - i
ESERE] B3k ESERL| B3k 401 SR B3k 3
Shrizty 658. 67 622. 83 656. 19 621. 46 0.033 0.032
rp 47 A T ESD! 659. 06 623.57 657.20 622. 63 0. 146 0.010
(1J) VEY) 658.07 623.36 656. 38 622. 36 0.014 0. 006
VE X 658. 34 623.57 656. 97 622. 64 0.022 0. 007
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Fig. 5 Computational results of “Pu-Shen-Zhen” cascade hydropower system under medium load conditions ( January)
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Fig. 6 Computational results of “Pu-Shen-Zhen” cascade hydropower system under low load conditions ( April)
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Fig. 7 Computational results of “Pu-Shen-Zhen” cascade hydropower system under high load conditions ( November)
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Table 7 Computational analysis of output for different schemes under medium load conditions

Hsisafr | T RRmS B IR R E/ MW th 1 dR/ ME/ MW I/ MW W EFEHMW - min™' | IR R A

FbRiETT 2 753.09 50. 02 1 459.94 91.04 0.43

s E3! 3047.86 25.54 1 482.55 90. 84 0.43

e FE2 2756.73 51.01 1 436. 50 91. 04 0. 42

EX 3 031.59 54.52 1.509.99 95.57 0.43

FbRigtT 539.00 79. 00 301. 74 120. 00 0.34

- VE3! 496. 00 76. 00 262.92 120. 00 0.37
ESER0)

VEY 485. 00 79. 00 290.71 82.00 0.31

%3 441. 00 79. 00 262. 54 87.00 0.31

SLbRiEtT 344.00 117. 00 185.25 108. 00 0.25

—_ E D! 334.00 86. 00 204. 05 127. 00 0.31

T2 392. 50 117. 00 220. 52 117. 50 0.33

k) 331.00 81. 00 178.23 116. 50 0.35
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Table 8 Computational analysis of output for different schemes under low load conditions

ISR | TR H R/ MW 1 E/IME/ MW A/ MW BT EHE /MW - min™! | BRI R

SLPRIETT 1 053. 14 57.12 370. 47 255.26 0.55

o VES! 972. 35 47.91 362.92 256. 14 0.57
BT

HE?2 1 123.06 45.24 354.79 282.63 0.58

HE3 897. 14 58.19 356. 28 255.08 0. 56

SLBRIBEAT 311.09 71. 45 125.21 61.10 0.28

o ED 307. 61 86. 20 129. 83 122. 15 0.31
TRIZ

EY 320. 11 96. 20 132.77 66. 44 0.32

VEX 325.61 80. 70 133. 63 105. 14 0.33

SLPrisfT 267. 68 101. 54 126. 58 52.30 0.24

ES! 265. 83 90. 70 129.51 70. 98 0.27
S

VEY 261. 33 100. 20 134. 70 72.17 0.24

FE3 260. 83 94.70 132.35 148. 84 0.27
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Table 9 Computational analysis of output for different schemes under high load conditions

ISR | TRGS 1 B RAE/ MW o E/IME/ MW B ¥/ MW BB EFEEMW - minTt | BRI R

SLBRIBAT 3 001. 85 1923.99 2 641. 87 248.51 0.11

o ED! 3 462.19 1.909. 95 2 685. 40 278.97 0. 14
A

EW) 3 450. 50 1932.11 2 694. 63 276.18 0.14

FE3 3353.08 1 678.39 2 594. 06 275.21 0. 14

LPriEfT 630. 62 301. 12 478. 62 140. 76 0.14

. UED 639. 30 304. 07 456. 82 124.21 0.16
TR

VEY 567. 80 567. 57 436. 98 84. 60 0.12

FE3 602. 80 302. 07 514. 31 129. 96 0.18

SLPRiE T 711.92 292.43 454.70 127.35 0.19

FE 697. 40 321.91 447.07 160. 85 0.20

TE2 682. 90 292. 41 457. 68 127.35 0.18

T3 727. 40 401. 41 480. 92 114. 66 0.16
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Table 10 Analysis of water consumption in cascade hydropower
system under high, medium, and low load conditions

for different schemes

T T80 E ¥ k=2 MFEKE/10% m®
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o T far 00 E 3! 1288.97
(11 [) VE Y 1291. 02
FTE3 1 290. 54
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