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Abstract

Integrated water resources management (IWRM) has focused on efficient response to various water related disasters by climate change.
In particular, more flexible usage of conventional water resources infrastructures is expected to provide an eco-friendly water management.
Multi-purpose dams and water supply dams are well known as water management facilities for securing and supplying water in drought
season. Recently, based on the report ‘2021 multi-purpose use of hydropower dams in Han river’, contribution of hydropower dams on
water resources management is becoming more significant beyond the traditional role of hydropower generation. In drought conditions,
the dams control water supply depending on the pre-defined drought stages. In the case of multi-purpose dams, an operation standard
during drought has been already prepared and applied; however, for the hydropower dams, specific standards are not fully prepared yet
in South Korea. In this study, a method for calculation of standard water storage and discharge reduction of hydropower dams according
to drought stage is newly proposed reflecting the characteristics of hydropower dams. The proposed method was applied to the hydropower
dams in Han river, where six hydropower dams are located. A case study of the historical droughts occurred in 2014-2017 demonstrated
that the proposed hydropower dam operation rule could improve the water supply stability under severe drought conditions compared
to the conventional operations. In the future, the role of hydropower dams for water resources management is expected to become more
important, and this study can be widely used for water supply planning such as drought response using hydropower dams.
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Table 2. Types of water demand to be considered in hydropower
dam operation

Demand type Description

Standard water demand | Expected water supply yield of a dam

Additional water demand by

Temporal water demand
downstream request

River maintenance

Minimum flow for river maintenance
water demand

Distributed water use in the river

Non-point water demand

Table 1. Water supply reduction per drought stage for multi-purpose dam

Drought stage Water supply reduction
Attention Reduction of surplus municipal/industrial water demand beyond the contracted amount
Caution Reduction of surplus municipal/industrial and agricultural water demand beyond the actual water demand &
River maintenance water demand
Alert Reduction in Caution stage & Agricultural water demand x Reduction rate*
*Reduction rate: 20% (Apr.~Jun.), 30% (Jul.~Sep.)
Severe Reduction in Alert stage & Municipal/industrial water demand x 20%
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Table 3. Standard storage per drought stage for a multi-purpose dam (MOLIT, 2018)

Drought stage

Standard storage

Normal days w/o dam inflow

“Caution stage storage” + Municipal/industrial, agricultural, and river maintenance water demand supply volume over 30

“Caution stage storage” + Municipal/industrial, agricultural, and river maintenance water demand supply volume over 15

Attention days w/o dam inflow
Caution Minimum storage for municipal/industrial, agricultural, and river maintenance water demand supply
Alert Minimum storage for municipal/industrial and agricultural water demand supply
Severe Minimum storage for municipal/industrial water demand supply + Municipal/industrial water supply volume over 15 days w/o

dam inflow

Table 4. Standard storage per drought stage for a storage-type hydropower dam

Drought stage Standard storage
Normal Minimum storage for standard water demand supply + Standard water demand supply volume over 10 days w/o dam inflow
Attention Minimum storage for emergency level 1 water supply + Emergency level 1 water supply volume over 15 days w/o dam inflow
Caution Minimum storage for emergency level 2 water supply + Emergency level 2 water supply volume over 15 days w/o dam inflow

Severe Minimum storage for emergency level 3 water supply + Emergency level 3 water supply volume over 15 days w/o dam inflow
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Fig. 4. Reservoir operation model calibration by comparing observed and computed dam water level for 2014~2017 duration

Table 5. Standard water demand at dam downstream locations in Han river basin

Dam Description Water demand (m’/s)
Paldang dam | Required discharge from Paldang dam 124.0
Hwancheon dam | Standard water demand from Hwancheon dam 222
Chuncheon dam | River maintenance flow at Chuncheon dam downstream + Non-point water demand in Bukhan river 6.86
Uiam dam River maintenance flow at Uiam dam downstream + Non-point water demand in Bukhan river 20.79
Cheongpyeong dam| River maintenance flow at Cheongpyeong dam downstream + Non-point water demand in Bukhan river 11.24
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Table 6. Flow duration analysis results of Hwacheon dam inflow

Flow duration Flow rate (m*/s)
Qs 25.35
Q40 17.47
Qs 13.13
o0 9.97
o5 7.66
@15 5.79
Q55 3.03
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Fig. 5. Flow duration curve of Hwacheon dam inflow

Table 7. Emergency water supply per drought stage for Hwacheon dam

Drought stage Description Discharge (m’/s)
Normal Maintain standard water demand supply 22.20
Attention Maintain emergency level 1 water supply (80% of standard water demand) 17.76
Caution Maintain emergency level 2 water supply (60% of standard water demand) 13.32
Severe Maintain emergency level 3 water supply (40% of standard water demand) 8.88
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Table 8. Standard storage of Hwacheon dam per drought stage

539

Period Standard storage (million m®) Period Standard storage (million m®)
(10 days) Normal Attention Caution Severe (10 days) Normal Attention Caution Severe
1 630.2 552.0 4743 391.5 19 530.7 386.0 366.3 351.5
2 617.2 541.0 467.3 387.5 20 568.2 4245 362.3 349.5
3 603.2 530.0 4573 382.5 21 621.7 463.0 395.8 347.5
4 587.2 518.0 449.3 377.5 22 675.2 543.0 429.3 347.5
5 573.2 509.0 4413 373.5 23 696.2 569.5 438.3 354.5
6 557.2 498.0 4343 370.5 24 717.2 596.0 461.3 358.5
7 540.2 482.0 4223 362.5 25 723.5 616.0 486.3 364.5
8 527.2 470.0 4183 362.5 26 729.8 618.0 4943 375.5
9 517.2 463.0 4143 363.5 27 729.2 616.0 496.3 384.5
10 503.2 453.0 407.3 367.5 28 720.2 618.0 511.3 408.5
11 487.2 441.0 400.3 364.5 29 711.2 617.0 513.3 413.5
12 471.2 440.0 400.3 364.5 30 700.2 605.0 505.3 409.5
13 465.2 438.0 400.3 365.5 31 690.2 596.0 497.3 405.5
14 453.2 430.0 3953 363.5 32 689.2 590.0 495.3 401.5
15 4442 422.0 392.3 364.5 33 682.2 586.0 4953 403.5
16 457.2 415.0 3853 362.5 34 671.2 580.0 4933 404.5
17 4752 404.0 378.3 357.5 35 659.2 571.0 488.3 400.5
18 493.2 390.0 371.3 3535 36 644.2 562.0 482.3 396.5
o —Normal —Attention Caution —Severe Dead water level
£ 800
é 700
E
@ 600
§ 500
% 400
=
300
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
Time (10 days)
Fig. 6. Standard storage of Hwacheon dam over time per drought stage
Table 9. Hydropower dam operation results comparison during drought years (2014~2017, 1,461 days) in Han river
Indicators Case 1 Case 2
Paldang dam discharge Unmet period (days) 493 149
demand satisfaction Unmet volume (million m®) 1,455.3 809.0
Hwacheon dam discharge Unmet period (days) 866 911
demand satisfaction Unmet volume (million m®) 1,217.9 743.5
Normal Unmet period (days) 1,218 1,115
Hwacheon dam drought Attention Unmet period (days) 801 151
stage violation period Caution Unmet period (days) 345 0
Severe Unmet period (days) 97 0
Average power generation (MWh/day) 330.9 322.5
pI;I:vV::zeezIelriZI:)ln Minimum power generation (MWh/day) 0.0 88.0
Standard deviation of daily power generation (MWh) 461.0 369.3
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