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Abstract

This study suggests the hedging rule of MIP (Mixed Integer Programing) in counting the risk evaluation criteria of the
objective function and constraints in order to provide the optimum operating rule in reservoir system as constraining water
shortage as much as possible which may happen in the downstream control point of water supply in the aspect of water
system management. The proposed model is applied to the Han-river reservoir system for two testing periods (Case I:
Jan. 1993~Dec. 1997, Case II: Jan. 1999 ~Dec. 2003). The model based on the hedging rule with trigger volume, estimated
in this study shows that in Case I, the monthly minimum discharge was 310.6 x 10° m® in the single operation, 56.3 x 10°
m® in the joint operation, and 317.5 x10°m® in the hedging rule and also, in Case II, the monthly minimum discharge was
found to be 204.2 x 10° m® in the single operation, 111.2 x 10°m® in the joint operation, and 243.7 x 10° m’in the hedging rule.
In conclusion, the hedging rule, proposed in this study can decrease vulnerability while guarantees reliability and resiliency.
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Table 1. Ratio of Dam Effective Storage to Soyanggang
Dam

Effective Storage Ratio

(10°m?) (%)

Soyanggang dam (SY) 1900.0 100.0
Chungju dam (CJ) 1789.0 94.2
Hoengseong dam (HS) 73.4 39
Hwacheon dam (HW) 658.0 346
Chuncheon dam (CC) 61.0 3.2
Euiam dam (EA) 57.5 3.0
Chungpyeong dam (CP) 82.6 44
Doam dam (DA) 39.7 2.1
Gwangdong dam (GD) 8.0 04
Goesan dam (GS) 5.7 0.3
Paldang dam (PD) 18.0 1.0
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o AYFF @S Table 37 o] #8311, shd#HS 23,
L
» m/s, FHHL 609m’/s, BEHL 1240m’/sF HaF
2 o 20 2 Table 49} 2o] AA3F )
il g | B Fe AR 2R f3e ZHE 3
HESST 50 9 57 &9 24& a8ste] St
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Fig. 4. Decision of Integer Value within Reservoir 2 Aol ARS el FU AR 2
Storage Extent T4, shdHe A4 A5 F AMSSIR A, AP H 3
Table 2. Dam Properties
. Soyangang Chungju Hwacheon |Chungpyeong | Paldang
je umt Dam Dam Dam Dam Dam
Area km? 2,703 6,648 3,901 9,921 23,800
Type - RF Cc.G C.G C.G C.G
Elevation EL.m 203.0 1475 184.5 53.0 32.0
Dam Height m 123.0 975 81.5 31.0 29.0
Length m 530.0 447.0 435 407 575
Volume 10° m? 9,591 902 885 250 250
Design flood EL.m 198.0 145.0 183.0 52.0 27.0
Wat Normal EL.m 193.5 141.0 181.0 51.0 255
1;:; Flood control | EL.m 1855 1380 175.0 50.0 -
Low EL.m 150.0 110.0 156.8 46.0 25.0
Dead EL.m 130.0 86.0 156.8 46.0 25.0
Total 10° m? 2,900 2,750 1,018 1855 244
Storage | Flood control 10°m® 770 616 213 19 -
Effective 10° m? 1,900 1,789 658 82.6 18
Hvdro- Facility MW 200 412 108 79.6 120
elthric Annual power GWh 353 844.1 326 2715 378
ower Effective head m 90.0 575 745 26.2 14.2
P Max. Water use| m’/s 251 828 185 372.6 800
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cHH (branch and cut algorithm)& ©]-8-31¢] 2344418
HE AT wf AR = U= S5 sl Aol
1Y 8 Axks 27] AERANA 71 & Alg

P MASE Pl F 14 34 Al A 1}

9
oh & B 9 MASSE 10819 Aol WA S0
7R Fejz RSN B B R ARG} 28 olshs

g A e gre] Afolg HAskelhe e sy W & B BRI AR o] A4S o A Fig. 59
TE 485kt el 2L 19954 39 ~199949 6 2o} A & RE5EE F & R34 38, Ay A& =
4 Alolof] whA A u]|-8-2F2(20 MW x 4th) ol A4 (30 MW x 4 Bz 34 13]0)4] 1822 x 10° m/month = YEREaL,
ez Sk ez 1998~2002 Foke] whdek A O A% 75 350 F & F5 39 AXE Hd &
AR E2S Y e R DHEES =5t FE5EE Fhashs o] YERsth 5, Hashimoto et al
[ Alde] AR]E) REATE= X Tl B ool
42 8533 =&l 282 S8 Hedging Rule 7H giz;] %;L] ”;};é ;;;;; N “;i;; AP,
‘9B, 195E '97d 1297141 €] 60711l thste] 271 A5 2 AFeAE ol E HUHE $18) F 5271119] Aol
HrEATEF i) 570 we] 129 #A A et g8 HAsE g & F B 55 2A35(p,, )T 5,
AE A8ate] AFAlTe] HA AA SHEFHS TS5kl Al A% = 55 TRV A5 2 diS
Table 3. Monthly Water Supply of Soyanggang Dam & Chungju Dam (unit : m¥/s)
Month 1 2 3 4 5 6
Water supply (SY) 46.2 46.2 46.8 47.2 47.2 47.2
Water supply (C]) 97.2 97.2 97.2 106.3 119.0 125.2
Month 7 8 9 10 11 12
Water supply (SY) 47.2 47.2 47.2 46.8 46.2 46.2
Water supply (CJ]) 115.2 120.9 107.8 105.2 97.2 97.2
Table 4. Minimum Water Release of each Dam (unit : m%s)

Soyanggang Dam

Hwacheon Dam

Chungju Dam |Chungpyeong Dam| Paldang Dam

Minimum release

46.2

23.7

92.2 69.9 124.0

Target supply

46.6

107.2 - -

Table 5. Hydropower-related Characteristics of each Dam

it Soyanggang | Hwacheon | Chungju |Chungpyeong | Paldang
Dam Dam Dam Dam Dam
Max. turbine discharge m’/s 251 185 828 373 880
Generation efficiency - 0.925 0.904 0.947 0.840 0.967
Tail water level EL.m 87.0 110.13 68.76 25.996 9.45
Peak time of power generation hr 50 - 2.6 - -
HATE #1098 20144 104 899
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TV3
115.06
114.61
115.06
115.32
117.39
116.17
131.79
134.54
133.37
133.38
114.91
115.06

TV2
115.51
115.03
115.51
115.80
119.59
123.78
134.96
136.22
134.99
138.34
115.35
115.51

Water Level (EL.m)

TV1
116.00
115.48
120.22
129.31
134.86
136.47
136.67
138.00
138.00
140.22
115.83
116.00

2875 % 10° m*/month 2 UFEREC.

O
dam
Month
1
2
3
4
5
6
7
8
9
10
11
12

Chungju

%}:

=
=

B
TV3
159.27
159.06
159.27
159.20
159.27
159.20
159.27
159.27
159.20
159.27
159.20
159.27

Hdl &

=
TV2
159.38
159.16
159.38
159.31
159.38
159.31
159.38
159.38
159.31
159.38
159.31
159.38

ol A

Water Level (EL.m)

[e)
TV1
159.50

159.50

159.26
159.50
159.42
159.50
159.42
159.50
159.50
159.42
180.21
159.42

Hwacheon
dam
Month
1
2
3
4
5
6
7
8
9
10
11
12

hedging rule

L

i

],

[e)
TV3
153.26
152.96
153.53
153.23
154.59
153.25
160.44
162.68
162.11
164.62
153.16
163.55

58

TV2
153.42
153.10
156.43
153.38
15512
171.39
183.72
184.27
181.78
165.24
153.31
177.86

Water Level (EL.m)

TV1
153.58
157.96
156.72
166.00
167.37
172.23
184.92
185.49
182.92
165.88
177.57
178.90

Soyanggang
dam
Month
1
2
3
4
5
6
7
8
9
10
11
12

Table 6. Monthly Trigger Water Level of Three Dams (p, =5, N=1)
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Table 7. Monthly Trigger Water Level of Three Dams (p,,=5, N=1)

Soyeclinggang Water Level (EL.m) Hwacheon Water Level (EL.m) Cirntaly Water Level (EL.m)
am dam dam
Month TV1 TV2 TV3 Month TV1 TV2 TV3 | Month | TV1 TV2 TV3

1 176.84 | 160.33 | 159.89 1 159.50 | 159.38 | 159.27 1 132.49 | 11551 | 115.06
2 158.39 | 158.02 | 157.67 2 159.26 | 159.16 | 159.06 2 117.07 | 116,50 | 115.97
3 157.05 | 153.46 | 153.30 3 167.20 | 159.38 | 159.27 3 116.00 | 11551 | 115.06
4 16357 | 153.38 | 153.23 4 165.61 | 159.31 | 159.20 4 122.21 | 11580 | 115.32
5 168.08 | 167.37 | 154.59 5 15950 | 159.38 | 159.27 5 133.40 | 116.60 | 116.07
6 172770 | 171.84 | 153.25 6 159.42 | 159.31 | 159.20 6 135.07 | 129.80 | 116.17
7 18358 | 18241 | 160.44 7 15950 | 159.38 | 159.27 7 136.19 | 13451 | 131.65
8 184.16 | 182.98 | 162.68 8 159.50 | 159.38 | 159.27 8 13754 | 135.79 | 134.12
9 162.63 | 162.11 | 161.60 9 159.42 | 159.31 | 159.20 9 138.00 | 134.90 | 133.27
10 165.88 | 165.24 | 164.62 10 159.50 | 159.38 | 159.27 10 140.22 | 138.34 | 132.92
11 153.47 | 153.31 | 153.16 11 159.42 | 159.31 | 159.20 11 11583 | 11535 | 114.91
12 16290 | 15342 | 153.26 12 17350 | 159.38 | 159.27 12 116.00 | 11551 | 115.06
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Table 8. Dam Reservoir Operation Cases in This Study

Case Operation Type Period Drought

Single
Joint Jan. ‘93 ~ Dec. '97 '94 & '95 drought
Hedging rule

Single
Joint Jan. '99 ~ Dec. '03 '02 drought
Hedging rule

II

WD [ [W[DD |-

Table 9. Comparison of Deficit Based on Different Reservoir Operation Types

Case Total deficit (10°m®) | Max. deficit (10° m*/month) Reliability (%) Resiliency
I-1 4929.2 270.0 43.3 0.26
I-2 2086.5 524.3 83.3 0.40
I-3 1573.9 304.5 70.0 0.50
-1 5117.9 376.4 48.3 0.23
-2 1244.9 469.4 91.7 0.40
-3 950.0 399.1 76.7 0.62
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