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Abstract

In April 2020, the Korean government decided to operate the Hwacheon reservoir, a hydropower reservoir to supply water, and it is
currently under pilot operation. Through the pilot operation, the Hwacheon reservoir is the first among the hydropower reservoirs in Korea
to make a constant release for downstream water supply. In this study, the water supply capacity of the Hwacheon reservoir was estimated
using the inflow data of the Hwacheon reservoir. A simulation model was developed to calculate the water supply that satisfies both the
monthly water supply reliability of 95% and the annual water supply reliability of 95%. An optimization model was also developed to
evaluate the water supply capacity of the Hwacheon reservoir. The inflow data used as input data for the model was modified in two ways
in consideration of the impact of the Imnam reservoir. Calculating the water supply for the Hwacheon reservoir using the two modified
inflows is as follows. The water supply that satisfies 95% of the monthly water supply reliability is 26.9 m*/sec and 24.1 m*/sec. And the
water supply that satisfies 95% of the annual water supply reliability is 23.9 m*/sec and 22.2 m*/sec. Hwacheon reservoir has a maximum
annual water supply of 777 MCM (Million Cubic Meter) without failure in the water supply. The Hwacheon reservoir can supply 704
MCM of water per year, considering the past monthly power generation and discharge patterns. If the Hwacheon reservoir performs a
routine operation utilizing its water supply capacity, it can contribute to stabilizing the water supply during dry seasons in the Han River Basin.
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Fig. 1. Description of water level and capacity in Hwacheon reservoir
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Table 1. Change ratio of monthly inflow in Hwacheon reservoir
(1967.01~2000.12) | (2001.01~2022.03) | Change ratio
Month | Annual average Annual average of monthly
inflow (m*/sec) inflow (m*/sec) inflow (%)
Jan. 13.53 12.20 90.12
Feb. 15.97 9.23 57.80
Mar. 34.44 14.39 41.78
Apr 68.49 24.09 35.18
May. 68.82 29.94 43.50
Jun. 64.11 28.19 43.98
Jul. 248.67 183.77 73.90
Aug. 322.78 200.90 62.24
Sep. 182.66 78.25 42.84
Oct. 43.13 18.02 41.78
Nov. 35.07 13.27 37.83
Dec. 20.64 9.91 48.03
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Fig. 3. Annual average inflow of Hwacheon reservoir

Table 2. Description of the models

Simulation model

Optimization model

Model 1-1 Model 1-2 Model 2-1 Model 2-2
_ Calcul_atlon of water supply Calculaﬁon of water supply Maximum water Max1_mum w?lter _supply
Object that satisfies 95% of monthly | that satisfies 95% of annual supply canaci capacity considering past
water supply reliability water supply reliability Pply capacity discharge patterns
Operation unit Day Day Month Month
Reliability unit Month Year Month Month
Water supply reliability 95% 95% 100% 100%

Decision variable

Constant water supply

Monthly variable water supply
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Table 3. A summary of simulation model algorithm

Algorithm

WSC (m’/sec) = 20, WSR (%) = 100,
Ini WL (El.m)=174.01
while WSR = 95
for t in range(0, Total Period)
S =8, +L— Y=
if Y<WsC
Fuail =1
Total Period— E (Fuil)
W = Total Period 100
# Water supply reliability check
if WSR =95
WSC= W5C+0.005
else
break

Initial
variable

Coding
summary

WSC : Water supply capacity,

WSR : Water supply reliability,

Ini WL : Initial water level, S : Storage,

1 : Inflow, Y : Water supply,

W : Total discharge excluding water supply,
Fail : Number of water supply failures,
t:1,2,.., Total Period

Variable
summary
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Table 4. Analysis of water supply at Hwacheon reservoir using simulation models

Model 1-1 Model 1-2
Revison inflow Drainage area ratio Monthly change ratio Drainage area ratio Monthly change ratio
Analysis period 435 months 37 years
Shortage period 21 months 1 years
Water supply reliability (%) 95.2 97.3
Water supply (m*/sec) 24.1 26.9 22.3 23.9
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Table 5. A summary of optimization model algorithm

Model 2-1

Model 2-2

Object function max Y

max Y

§ =St —BY-W,
<G8 =K
80, YW = 0

S =S AT, — W
Constraints S, <q,S =K,
Sp L, Y, W, =0
Variable
summary

S : Storage, I : Inflow, (3 : Average hydroelectric discharge ratio, Y : Water supply, 7 : Total discharge excluding water supply,
C': Storage of normal high water level (Oct.~Jun.); Storage of restricted water level (Jul.~Sep.),
K : Storage of low water level, : 1, 2, ..., Total Period, £ : 1, 2, ..., 12

Table 6. Monthly average Hydroelectric discharge ratio in Hwacheon
reservoir (1986.01~2022.03)

Monthly average
Month hy drog::gil:yd?s‘:::;g; . hydroelect;ic discl%arge
(m?/sec)

Jan. 0.054 14.46

Feb. 0.049 13.12

Mar. 0.045 12.05

Apr 0.056 14.99
May. 0.086 23.02

Jun. 0.085 22.76

Jul. 0.171 45.78

Aug. 0.216 57.83

Sep. 0.123 32.93

Oct. 0.051 13.65

Nowv. 0.029 7.76

Dec. 0.036 9.64

Table 7. Aalysis of water supply at Hwacheon reservoir using opti-
mization model

Model 2-1 Model 2-2

Monthl . Monthl,
Y Drainage Y
change - change
. area ratio .
ratio ratio

Drainage

Revison inflow -
area ratio

Water supply
reliability (%)
Total annual water
supply capacity 776.8 704.3
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