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Optimal method of reservoir drought-limited water level based on principle of wide and shallow damage / WEI
Ruishen, YAN Ziqi, ZHOU Zuhao, JIANG Yunzhong, WANG Kun( State Key Laboratory of Simulation and Regulation of
Water Cycle, China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract: In view of the problems such as strong subjectivity and insufficient rationality in determination of water demand
according to the empirical adjustment coefficient in calculation of the drought-limited water level in dry periods, this paper
proposes a reservoir drought-limited water level optimization method based on the principle of wide and shallow damage, to
optimize water demand of different users with the aim of minimum mean monthly water shortage ratio and its standard
deviation in dry years. Taking the Fenhe Reservoir and the Fenhe-II Reservoir as examples, optimization effect analysis was
carried out to verify the rationality and feasibility of the method. The results show that the mean monthly water shortage ratio
and its standard deviation in dry years can be reduced by using the optimized drought-limited water level to guide reservoir
operation. Taking 50% as the threshold for severe water shortage ratio, the optimized drought-limited water level can
effectively reduce the number of months with severe water shortage. In consecutive dry years, the reservoir scheduling effect
under the control of the optimized drought-limited water level is significantly improved, compared with that under the control
of the non-optimized drought-limited water level, and the optimized drought-limited water level can reduce the frequency of
severe water shortage, meeting the requirements for wide and shallow damage in dry years. The setting of the drought-
limited water level can ensure water safety of various users in dry years, reduce the occurrence of extreme water shortage,
and provide a basis for drought prevention command and decision-making.

Key words: drought-limited water level; wide and shallow damage; drought operation; NSGA-II ; Fenhe Reservoir
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Fig.1 Calculation process and control technology

of drought-limited water level
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6 738 184 12 496 124
7 1920 480 1 543 136
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9 1376 344 3 1201 300
10 897 224 4 1126 281
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Table 2 Monthly water demand of different users
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Table 3 Optimal drought-limited water volume

in different months unit: 10° m®

Ay BREOKE | Ay BEUKE | Af RREUKkE
6 11773 10 12406 2 10208
7 10899 11 11959 3 9500
8 11427 12 11814 4 6966
9 12544 1 10903 5 6209
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Table 4 Drought-limited water volume in different

months in scenario 2 unit. 10* m®
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Table 5 Monthly mean water shortage ratio and its standard deviation in three scenarios
H ok A8/ % b 22 )
e 7K AF PN T S Bk H B
A & Tl gl JEREN A AEP Tl gl JERES
1 25 37 56 86 38 0.29 0.38 0.49 0.35 0.35 79
2 22 41 45 84 35 0.26 0.25 0.43 0.22 0.30 55
23 53 47 67 35 0.18 0.25 0.31 0.35 0.24 32
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Fig.4 Variations of monthly water shortage ratio
in consecutive dry hydrological years from 2004 to 2006
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