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Abstract

Currently, South Korea implements water resources management policies focusing on integrated water quantity, quality and hydro-ecology
management. In particular, rehabilitation of natural rivers has become a major issue. As for reservoir operation during non-flood season,
efforts have been made continuously to apply the Deficit Supply Method that can maximize water supply to address droughts and increase
in water demand. When Deficit Supply Method is applied, the water supply capacity of reservoir can be maximized. However, downstream
water flow would remain constant. In consideration that a natural stream, a long-time-created hydro-ecology, can be significantly influenced
by flow variability, the Deficit Supply Method-based reservoir operation can generate effective water supply. Still, it may trigger adverse
effects from the aspects of natural rehabilitation and hydro-ecology recovery. The main objective of this study is to analyze impacts on
downstream flow duration through reservoir simulation by comparing the Firm Supply Method, the Deficit Supply Method and the Selective
Deficit Supply Method, and examining each method’s effects on reservoir operation. This study found that the Firm Supply Method could
maintain water flow variability, but could not maximize water supply capacity. When the Deficit Supply Method was applied, water supply
capacity could be increased while remaining vulnerable regarding water flow variability, as a difference between average flow and low flow
was negligible at downstream. In comparison, the Selective Deficit Supply Method was found to sustain time-based reliability at 95%
or higher, whereas downstream flow duration could be maintained at a level similar to the level generated by the Firm Supply Method.
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Fig. 1. Monthly downstream flow by reservoir operation method
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Table 1. Flow duration and exceedance probability

Division Q| Qp | Quiss | Qs | Gors
Duration (days) 1 95 185 | 275 | 355
Exceedance probability (%)| 0.003 |26.027|50.685(75.342(97.260
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Table 2. Time-based and volumetric reliability by reservoir operation methods

Division Case 1 Case 2 Case 3-1 Case 3-2 | Case 3-3 Case 3-4

Time-based Reliability (%) 88.89 99.25 93.64 93.27 94.49 95.74

Water Supply | Volumetric Reliability (%) 92.12 99.46 95.52 95.31 96.70 97.59
Capacity Water Deficit Period (days) 1,339 91 766 811 664 514
Water Deficit Volume (10° m®) 1,339.2 91.2 760.2 797.5 560.1 408.8

Spillway Spillway Released Days (days) 108 226 111 111 115 123
Release Total Spillway Released Volume (10° m®) 1,854.0 3,626.4 1,947.2 1,982.9 2,053.1 2,197.3
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Table 3. Flow duration discharge at the Hwangang-gyo (unit : m/s)

Division Case 1 Case 2 Case 3-1 Case 3-2 Case 3-3 Case 3-4

Q 118.4 108.4 125.2 125.9 128.5 127.7

Qs 30.5 21.8 30.4 29.6 29.8 29.1

Total Years Qs 19.7 15.4 19.6 19.6 19.8 19.6

Average

Qs 183 15.0 18.6 18.7 18.6 18.7

Qs 17.0 144 17.0 172 173 175

o) 1,137.3 1,136.9 1,137.3 1,137.3 1,137.3 1,137.3

Qs 33.5 335 335 335 335 33.5

2003 Qiss 222 15.6 222 222 222 222

Qs 20.4 153 20.4 20.4 20.4 20.4

Quss 19.3 15.3 19.3 19.3 19.3 19.3

Q 410.2 589.8 410.2 410.2 410.2 410.2

Qs 23.9 17.2 23.9 23.9 23.9 23.9

2006 Qrss 20.5 154 20.5 20.5 20.5 20.5

Qs 19.5 153 19.5 19.5 19.5 19.5

Qs 18.8 153 18.8 18.8 18.8 18.8
2P0l FE52 3542 A 86hH BT sa A= 4 Fol7| giolH 42 33.5 ms2 AP E gl oM, 74
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Fig. 5. Comparison of flow rate in 2003 and 2006
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