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Research on reservoir group scheduling and risk compensation based on GAMS//LI Jiging', HUANG Ke', CHEN
Siyu'?, WU Liang' , ZHOU Zhipeng'( 1. College of Water Conservancy and Hydropower Engineering, North China Electric
Power University, Beijing 102206, China; 2. Rivers Water Resources Development Center Co. , Lid. , Bejjing 100161,
China)

Abstract: To balance the risk and benefit among reservoirs within a basin, enhance the enthusiasm of individual reservoir
to participate in joint reservoir group scheduling, and maintain the stability of the reservoir group’s operation, a reservoir
group power generation optimization scheduling model was established based on GAMS software. The compensation benefits
for each reservoir were determined. The entropy weight method was employed to calculate the importance of each reservoir
based on characteristic parameter values of reservoirs. Aggregation dimensionality reduction thought was used to improve the
Shapley value method in cooperative game theory, and the risk index system was established to evaluate the beneficial
scheduling risks of reservoirs. A risk compensation method for reservoir groups based on scheduling risk correction benefit
allocation scheme has been proposed, thereby achieving a balance of risk and benefit for reservoir groups under different
operation scheduling schemes and power generation disruption situations. Taking 12 control reservoirs on 6 main and
tributary rivers of the upper reaches of the Yangtze River as an example, the results show that this risk compensation
method not only considers the individual characteristics of the reservoirs and the contribution of scheduling benefits, but
also takes into account the scheduling risks of the reservoirs, achieving a rational allocation of compensation benefits for the
reservoir group.

Key words: reservoir group scheduling; GAMS software; compensation benefit allocation; risk compensation; power

generation disruption
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Table 1 Characteristic parameters and feature weights of reservoirs
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Table 2 Optimization of power generation results for part of production combinations unit:10°kW - h
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Table 3 Risk of reservoir scheduling in various schemes
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Table 4 Risk compensation plan and correction coefficient
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Fig.5 Risk compensation results for cascade sub-alliances under different water storage schemes
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Fig. 6 Risk compensation results for single reservoir under different water storage schemes
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Table 5 Design of power generation disruption scenarios

for each reservoir

KE - KE P4 K H IR ML K

A T B XFHOTE R FRE2LHEI R4
PRI A-T 6 0 2 4 5 6
Wh—2 A-T 6 0 2 4 5 6
FE B- 1 16 0 4 8 12 16
BigWE B-1 18 0 5 9 14 18
MLH C-1 4 0 1 2 3 4
B C-T 6 0 2 4 5 6
ZFH D-1 4 0 1 2 3 4

®if  D-II 4 0 1 2 3 4
MM E-T 5 0 1 2 4 5

Wk E-TI 5 0 1 2 4 5

=g F-1 34 0 10 18 26 34
By r-I 21 0 5 10 15 21

IKPEAEAE 2 BHLAL R R R B 1575 58, 0 SRR
HI7%E, 3 6 iUl fECRIE BT PE EOR AR L, A
(VBB ARIES 2 X8 70 P i B ARG 7 A 5 i {ELXE 7K
TR A M2 i B0 i o P LE I ZE R S i AN R, 2T T
TR B MR TR F b B f B3R
N, XPAB I AR 28 0 L4915 i 5 T

XoF AR 11K B A FEURBEIR S [ B 23 EE 9] Y 5
Wi LA SR 2 11 B RIS 2 TR F b B R

NN AR A T E0C B 40 e LU 9 A S, 45 SR e 7 AN
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Xof IR M52 M K, 2880 25k o R /I B - 1k
SRS RS e b 9] L B LR R T 2 B
BT DT R R I B fF BBk
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2.3.2 BEREAMESHT

BT 10 R XU M2 7 58 4 M 13 3 7K P b
PEES , IR T IR A R B BEIR TS T Ml ik — 4
O3B, IER AT, WAl O R B — Sk E 8 E X
W6 43 51K 30. 76% 1 19. 07% , FH I 55035 433 Lo 1 43
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Table 6 Risk compensation results of each cascade sub-alliance of reservoir group under different

power generation disruption scenarios

% AR PELL B/ % K R e %
W B A B C D E F WL A B C D E F
0 4.06 58.02 2.20 0.14 0.73  34.85 0 4.06 58.02 2.20 0.14 0.73  34.85
A-T-1 393 60.39 2.69 0.08 2.10  30.81 D-1-1 4.67 58.62 2.40 0.10 1.66  32.56
A-1-2 3.68  52.14 2.8  0.09 3.41 37.79 D-1-2 5.04 58.82 1.78 0.10 0.48  33.79
A-1-3 4.67 58.22 2,11  0.09 3.64 31.26 D-1-3 4.57  60.56 1.59  0.00 1.23  32.06
A-1-4 7.68 58.17 2.42  0.02 2.08 29.63 D-1-4 3.29  60.70 1.67  0.36 1.44  32.53
A-T-1 4.24  61.14 0.55 0.02 0.64 33.41 D-1-1 4.34  60.42 2.01 0.13  0.46  32.65
A-T-2 410  61.16 245 0.14  1.09  31.06 D-1-2 4.16 58.54 1.99  0.21 2.0l 33.09
A-T-3 5.44  59.93  0.36 0.16 1.96  32.16 D-1-3 4.39  58.38 224 0.14 1.93  32.92
A-T-4 8.40 59.73 0.62 0.01  0.54 30.70 D-1-4 4.75 57.82 217  0.31 0.8  34.06
B-1-1 436 62.14 1.46 0.06 1.03 30.95 E-T-1 422 57.65 299 0.08 1.46  33.61
B-1-2 2,98 74.50 1.33  0.05 1.14  20.00 E-1-2 4.28 57.80 1.59 0.0l 1.58  34.74
B-1-3 3.50  66.05 1.21  0.08 1.36  27.80 E-1-3 419 59.12  1.00 0.04 1.24  34.42
B-1-4 227 66.72 1.44  0.04 1.11 28.42 E-1-4 3.78  54.81 2,79 0.0 523  33.38
B-T-1 2,39 65.97 0.8  0.06 1.12  29.60 E-T-1 4.20 57.44 234 0.16  1.64 3422
B-1-2 2.63 7470 0.53  0.01  0.48  21.65 E-T-2 3.94 5515 241  0.01 2.87 3562
B-1-3 1.97  79.25 0.53 0.0 0.45 17.80 E-1-3 420 57.35 3.14  0.11  1.79  33.43
B-1-4 2,16 49.60 1.15  0.04 1.31 45.74 E-1-4 4.64 57.08 2.57 0.02 4.08 31.62
c-1-1 4.26 60.73 0.77 0.0l 1.66  32.58 F-1-1 3.38  57.11  0.85 0.07 3.33  35.26
c-1-2 4.38  59.37 217  0.24  0.57 33.27 F-1-2 2.14  46.65 2.67 0.12 1.52  46.91
c-1-3 4.60 61.14 0.27 0.0  0.46  33.52 F-1-3 2.66 77.41 0.91  0.04  0.71 18.27
c-1-4 3.93  55.67 4.66  0.01 1.95  33.78 F-1-4 2,72 72.63  0.12  0.03 2.61  21.89
C-T-1 3.96  54.52  4.96  0.03 2.18 34.36 F-T-1 4.03 56.38 1.50 0.06 2.17  35.85
c-I-2 3.98  54.83  4.95 0.04 1.68 34.52 F-1-2 3.94  51.89  2.19 0.16 0.99  40.84
c-I-3 3.68  55.38  6.97 0.01 2.16 31.80 F-1-3 4.37  61.19 217  0.28  0.50  31.49
C-T-4 313 49.91 11.40 0.01  1.99  33.55 F-T-4 2,46 45.02  0.79 0.06  2.63  49.05
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Table 7 Impact of power generation disruption of cascade

sub-alliance on its own allocation ratio

ok BHG TR Bk 55 4 ML/ %

WIHIE A B C D E F
0 4.06 58.02 2.20 0.14 0.73 34.85
I-1 393 6214 077 0.10 1.46 35.26
I2 368 7450 217 0.10 1.58 46.91
I3 467 6605 0.27 0.0 1.24 18.27
I-4 7.68 66.72 4.66 0.36  5.23 21.89
I-1 424 6597 496 0.13 1.64 35.85
I2 410 7470 4.95 0.21  2.87 40. 84
I3 544 79.25 6.97 0.14 1.79 31.49
-4 8.40 49.60 11.40  0.31  4.08 49.05

RS HRRTECIE R AR E At F BX2A S L 6 320
Table 8 Impact of power generation disruption of cascade

sub-alliance on other sub-alliance allocation ratio

Faeng R HLE TG TR B 85 43k LL A1 %
WHIE A B C D E F
I-1 436 62.14 1.46 0.06 1.03 30.95
[2 298 7450 1.33 0.05 1.14  20.00
[-3 3.50 66.05 1.21 0.08 1.36 27.80
B [-4 227 66.72 1.44 0.04 1.11 28.42
-1 2.39 6597 0.8 0.06 1.12 29.60
I-2 263 74.70 0.53 0.01 0.48 21.65
I-3 1.97 79.25 0.53 0.0l 0.45 17.80
I-4 216 49.60 1.15 0.04 1.31 45.74
-1 3.3 57.11 0.8 0.07 3.33 35.26
[-2 214 46.65 2.67 0.12 1.52  46.91
[-3 266 77.41 0.91 0.04 0.71 18.27
. 14 272 72.63 0.12 0.03 2.61 21.89
-1 403 56.38 1.50 0.06 2.17 35.85
M2 3.94 51.89 2.19 0.16 0.99 40.84
I-3 4.37 61.19 2.17 0.28 0.50 31.49
M4 246 4502 0.79 0.06 2.63 49.05
=9 AEXRBWINGEE T EEREERXK R IME
M PELL BT

Table 9 Changes in proportion of risk and compensation
benefit allocation for single reservoir scheduling under

different power generation disruption scenarios

KL K HLE 8 135 R/ %% R ML/ %

WK WRE WO FRE—% WO R
2HKRM 35.43 17.23 62.19 37.81
4 554 33.78  16.75 61.73  38.27

P N %fl
SHENRS 45.02 17.03  67.89 32.11
IR 72.00  15.82  78.45 21.55
2HK%M 31.23 19.76  56.62  43.38
4 (%% 29.45 22.31  51.33 48.67

B — 2% A

5608 29.59  42.03  36.36  63.64
AL 30.15  69.78  25.53 74. 47

KPR AR AS A 25, I8 BE XURS: (9 R/ 32 5 17 B0 28 b
B o ML AR e i R A3 BB G 1 B
B KA B2 IR 3 K, M R0 o T L 491 B 9 38
AU R IE AR AR
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