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Reliability Assessment of Andong and Imha Dam Integrated Operation
Considering Additional Water Supply

Jea Min Park, Ki bum Park’
Department of Architectural and Civil Engineering of Kyungil University, Gyeongsan 38428, Korea

Abstract

This study analyzed the reliability, resilience, and vulnerability of the Andong and Imha dams under the condition of
supplying an additional 630,000 tons of water per day while planned water supply plans. To achieve this, various supply
scenarios were constructed by allocating the additional water demand between the Andong and Imha dams at ratios
ranging from 10% to 90% in 5% increments. The analysis of water shortage frequency revealed an optimal intersection at
an allocation rate of 55-65% for the Andong Dam across all operating rules (Rules A, B, and C), indicating that assigning 5—
15% more supply to the Andong Dam is advantageous. Conversely, regarding water shortage volume, the optimal
intersection occurred at 40-45% for the Andong Dam, suggesting that a higher allocation to the Imha Dam is more
effective in minimizing the shortage volume. In terms of reliability, frequency reliability was highest at an
Andong-to-Imha allocation ratio of 55-60:45-40 across all rules. Similarly, amount reliability peaked at 88% with a 60:40
ratio, demonstrating that allocating an additional 10% or more to the Andong Dam improves overall water supply
performance. Regarding resilience, Rule B exhibited the fastest recovery from a water shortage to a normal state at an
allocation ratio of 65:35. While vulnerability was lowest (1.91 at the CP point) under Rule C with a 90:10 ratio, such an
extreme concentration on the Andong Dam is deemed impractical for optimal water distribution. Consequently, when
jointly operating the Andong and Imha dams for additional water supply, an allocation ratio of 60:40 (Andong to Imha)
under Rule B—which comprehensively considers both inflow and storage—is determined to be the optimal supply
strategy. The findings of this study can serve as a valuable reference for establishing future operational plans to secure
additional water resources through the linked operation of these two dams.
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Table 1. Water supply evaluation indices
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Index Definition

Remarks

Frequency reliability

Ratio of successful supply over the total period

Quantitative reliability

Ratio of total supply to total demand

Higher values indicate stable supply

Resilience Recovery period after shortage

Lower values indicate faster recovery

Vulnerability Severity of shortage

Lower values indicate minimized shortage impact

Table 2. Andong and Imha dam allocation flow for additional water supply

(Unit : uf/s)
Month Design-Andong  Design-Imha Design-Andong Design-Imha Design-Andong  Design-Imha Additional
dam (10%) dam (90%) dam (50%) dam (50%) dam (90%) dam (10%) water supply
1 20.6 219 23.5 18.9 20.5 16.0 7.29
2 20.6 219 23.5 18.9 26.5 16.0 7.29
3 20.6 219 23.5 18.9 20.5 16.0 7.29
4 21.5 22.0 24.4 19.0 274 16.1 7.29
5 34.4 22.4 37.3 19.4 40.3 16.5 7.29
6 50.0 23.1 52.9 20.1 55.9 17.2 7.29
7 41.2 22.8 44.1 19.8 47.1 16.9 7.29
8 50.9 23.2 53.8 20.2 56.8 17.3 7.29
9 37.1 22.6 40.0 19.6 43.0 16.7 7.29
10 22.7 22.0 25.6 19.0 28.6 16.1 7.29
11 20.6 219 23.5 18.9 20.5 16.0 7.29
12 19.7 219 22.6 18.9 25.6 16.0 7.29
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Table 3. Comparison by allocation rule(Water supply deficits No.

Andong Imha Rule (4) Rule (B) Rule (C)

Dam Dam(%) Andong Imha Control Andong Imha Control Andong Imha Control
(%) Dam Dam point Dam Dam point Dam Dam point
10 90 26 98 107 31 98 102 30 106 109
15 85 31 93 102 32 95 100 31 101 105
20 80 38 89 102 37 92 99 38 100 103
25 75 35 85 93 37 85 92 37 93 95
30 70 43 80 93 43 83 90 42 91 94
35 65 42 77 90 44 80 86 45 88 92
40 60 47 72 87 48 75 83 48 81 88
45 55 50 69 86 52 71 82 52 80 89
50 50 55 64 83 55 69 83 55 76 85
55 45 58 59 81 58 64 79 58 70 83
60 40 61 54 81 62 58 78 62 67 80
65 35 66 52 82 65 56 77 66 62 80
70 30 68 49 83 66 52 79 68 56 81
75 25 75 46 88 73 48 84 73 52 83
80 20 79 42 92 74 44 84 75 49 84
85 15 80 38 90 77 39 84 78 45 86
90 10 88 34 95 82 36 86 85 40 90
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Table 4. Comparison by allocation rule [Water supply deficits amounts (10° )]

Rule (4) Rule (B) Rule (C)
Andong Imha
Dam (%) Dam (%) Andong Imha Control Andong Imha Control ~ Andong Imha Control
Dam Dam point Dam Dam point Dam Dam point

10 90 1699.6 5001.5 6701.1 1734.8 4993.5 6728.4 1718.0 4910.1 6628.1
15 85 1942.0 4696.0 6638.1 1955.7 4672.0 6627.7 1945.8 4588.8 6534.6
20 80 2131.0 4391.0 6521.9 2133.2 4402.8 6536.0 2137.0 4328.3 6465.2
25 75 23723 4139.3 6511.6 2379.3 4117.4 6496.7 2369.2 4015.3 6384.5
30 70 2603.1 3885.8 6488.9 2610.3 3898.4 6508.7 2595.5 3732.7 6328.1

35 65 2834.8 3676.1 6510.9 2848.7 3590.9 6439.6 2830.6 3523.4 6354.0
40 60 3068.3 3359.3 6427.7 3085.6 3356.7 6442.3 3076.0 3216.4 6292.3

45 55 3318.4 3071.2 6389.5 3329.6 3086.0 6415.5 3323.2 3005.6 6328.8
50 50 3558.4 2865.0 6423.3 3551.1 2849.4 6400.5 3544.6 2696.1 6240.7
55 45 3771.7 2548.8 6320.5 3796.1 2609.8 6405.8 3782.1 2494.1 6276.2
60 40 4015.4 2382.7 6398.1 4013.1 2337.2 6350.3 4028.9 2275.2 6304.1
65 35 4238.6 2130.5 63069.1 4253.2 2173.3 6426.6 4256.4 2069.3 6325.7
70 30 4497.0 1953.8 6450.9 4489.1 1977.4 6466.5 4485.0 1902.6 6387.6
75 25 4766.4 1773.8 6540.2 4783.3 1765.3 6548.6 4768.2 1701.6 6469.8
80 20 5159.3 1551.5 6710.9 5061.9 1561.7 6623.6 5068.1 1467.2 6535.3
85 15 5358.0 1370.0 6728.0 5350.9 1381.6 6732.5 5304.8 1270.5 6635.3
90 10 5735.6 1212.3 6947.9 5649.3 12343 6883.7 5767.0 1133.3 6900.3

Table 5. Results of water supply deficit frequency and water shortage volume Analysis

Deficit frequency AnDong dam ImHa dam CP Deficit amount  CP deficit amount
Rule . . o s e . . 63
optimize ratio deficit times. deficit times. deficit times. optimize ratio (10° )
Rule A 55:45 58 month 59 month 81 month 55:45 6,320.5
Rule B 65:35 65 month 56 month 77 month 60:40 6,350.3
Rule C 60:40 66 month 62 month 80 month 50:50 6,240.7

Table 6. Evaluation results of frequency and quantity reliability

Category Frequency Quantity
Rule Optimal AD H cp Optimal AD IH cP
allocation ratio allocation ratio
Rule A 55:45 85% 85% 79% 55:45 89% 87% 88%
Rule B 6535 83% 85% 80% 60:40 88% 88% 88%
Rule C 60:40 84% 83% 79% 50:50 89% 86% 88%
H|-g0] 55:45¢ 7, Rule (B)= 65:35, Rule (C)9] BT} HoFr o] A A= Table 73 ZoH,

739E 60:400] o] AFTE UYERllE Ao 2 LEt EAx o] 49 Rule (A)2F Rule (B)ollA 65:35 Hij&
gom FH7|E AFLo] H¢ Rule (A= 55145, Hl-goA Aol Uetoew Rule (OY ¢
Rule (B)= 60:40, Rule (C)= 50:502.2 EA =}, 20:802.2 EAFIh FFxeol H9 Rule W)+
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Category Rule A
100
95
20
85
g
= 80
&
c
@
]
o
Frequency g 75
70
65
Rule A Rule A Rule A RuleA Rule A Rule A Rule A Rule A Rule A Rule A Rule A Rule A Rule A RuleA RuleA RuleA Rule A
10/50 15/85 20/80 25/75 30/70 35/65 40/60 45/55 50/50 55/45 6040 65/35 70/30 75/25 80/20 85/15 90/10
= Andong 93 92 30 91 89 89 88 87 86 85 84 83 82 80 79 79 77
——Imha 74 76 77 78 79 80 81 82 83 85 86 86 87 as 89 50 91
———Control point, 72 73 73 76 76 77 77 78 78 79 79 79 78 7 76 77 75
100
95
90
85
€
= 80
£
@
. 3
Quantity g 75
70
65
60
Rule A RuleA Rule A Rule A RuleA RuleA RuleA RuleA RuleA Rule A Rule A Rule A Rule A Rule A Rule A Rule A Rule A
10/90 15/85 20/80 25/75 30470 35/65 40/60 45/55 50/50 55/45 60/40 65/35 70/30 75/25 80/20 85/15 90/10
Andong 94 94 93 93 92 91 91 %0 83 89 a8 88 a7 87 86 85 84
=——Imha 78 79 80 81 82 82 &4 85 86 87 88 83 a9 S0 91 92 93
——~Control point, 88 a8 a8 ag 38 83 a8 a8 88 88 a8 a8 ag a8 87 87 a7

Fig. 1. Comparison of frequency & quantity (Rule A).
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Category Rule A
0.50
045
040
035
oy
; 030
Fi
«
Resiliency 025
020
015
0.1
Rule A RuleA RuleA RuleA RuleA Rule A Rule A RuleA RuleA Rule A RuleA RuleA Rule A Rule A RuleA Rule A Rulea
10/90 15/85 20/80 25/75 30470 35/65 40/60 45/55 50/50 55/45 60/40 65/35 70/30 75/25 80/20 85/15 90/10
m— Andong 037 034 038 044 035 042 037 037 034 035 030 030 028 031 030 028 028
=——Imha 026 029 023 025 030 029 030 030 034 027 038 030 032 038 029 037 035
—~Control point 026 0.27 020 026 024 027 026 026 028 027 026 026 025 027 023 025 024
20.00
18.00 18
16.00
14.00
12.00
oy
5 10.00
s
2
s =1 8.00
Vulnerability 2
6.00 5
4.00
200 % : - :
L ) = d M—,m— 24
=874
0.0
Rule A Rule A Rule A Rule A Rule A Rule A RuleA Rule A Rule A Rule A RuleA Rule A Rule A Rule A Rule A Rule A Rule A
10/90 15/85 20/80 25/75 30/70 35/65 40/60 45/55 50/50 55/45 60/40 65/35 70/30 75/25 80/20 85/15 90/10
= Andong 146 199 293 201 250 249 256  3.04 336 385 357 428 405 562 555 510 615
=——Imha 235 217 | 216 192 178 167 168 | 168 151 140 118 121 | 117 | 106 1.02 094 074

——Control point 18.00 16.89 1674 14.22 1396 12.83 1216 1232 11.00 1078 1082 11.20 1143 13.25 13.70 13.00 13.89

Fig. 2. Comparison of resiliency & vulnerability (Rule A)
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Category Rule B
100
95
90
85
3
= 80
[
=
o
E]
g
Frequency £ 75
70
65
Rule B Rule B RuleB RuleB Rule B RuleB RuleB RuleB Rule B RuleB RuleB RuleB RuleB RuleB RuleB Rule B RuleB
10/90 15/85 20/80 25/75 30/70 35/65 40/60 45/55|50/50 55/45 60/40 65/35 70/30 75/25 80/20  85/15 90/10
s Andong 92 92 90 90 89 89 88 86 86 85 84 83 83 81 81 80 79
== |mha 74 75 76 78 78 79 80 82 82 83 85 85 86 88 89 90 91
s Control point| 73 74 74 76 7 78 78 79 78 79 80 80 79 78 78 78 78
100
95
920
85
®
‘5 80
£
5]
S
Quantity b 75
70
65
60
RuleB Rule B Rule B Rule B Rule B Rule B Rule B Rule B Rule B/ Rule B Rule B/ Rule B Rule B Rule B Rule B Rule B Rule B
10/90 15/85 20/80 25/75 30/70 35/65 40/60 45/55 50/50 55/45 60/40 65/35 70/30 75/25 80/20 85/15 90/10
e Andong 94 94 93 93 92 91 91 20 [0 89 88 88 87 87 86 85 85
s Imha 78 79 80 81 82 83 84 85 86 87 88 88 89 S0 91 92 93

=== Control point 87 88 88 88 88 88 88 88 88 88 88 88 88 88 88 87 87

Fig. 3. Comparison of frequency & quantity (Rule B).
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Category Rule B
0.50
0.45
0.40
0.35
0.30
Resiliency 0.25
0.20
0.15
0.1
Rule B Rule B RuleB RuleB Rule B Rule B RuleB RuleB RuleB RuleB RuleB RuleB Rule B Rule B Rule B RuleB RuleB
10/90 15/85 20/80 25/75 30/70 35/65 40/60 45/55 50/50 55/45 60/40 65/35 70/30 75/25 80/20 85/15 90/10
e Andlong 029 034 035 043 040 041 040 037 038 036 034 032 035 036 032 034 030
e M a 031 029 | 025 028 030 030 032 034 033 034 031 032 033 033 034 041 033
= Control point 029 0.28 0.26 027 029 031 033 032 031 030 | 028 030 030 030 0.27 031 026
20.00
18.00
16.00
14.00
12.00
z
£ 1000
e
o
=
e > 8.00
Vulnerability 2
6.00
4.00
2.00
0.0¢
Rule B RuleB Rule B Rule B Rule B Rule B Rule B Rule B Rule B Rule B Rule B RuleB Rule B Rule B Rule B Rule B Rule B
10/90 15/85 20/80 25/75 30/70 35/65 40/60 45/55 50/50 S55/45 60/40 65/35 70/30 75/25 80/20 85/15 90/10
s Andong 198 192 267 210 258 261 285 315 3.16 340 3.90 393 373 465 444 449 494
=== |mha 180 193 194 143 15 176 146 144 165 144 124 125 115 109 101 080 0.78
== Control point| 17.74 | 17.01 16.95 14.61 13.93 13.04 12.07 11.80 | 12.02 10.75 10.73 10.22 | 10.69 12.28 12.02 11.82 12.17

Fig. 4. Comparison of resiliency & vulnerability (Rule B).
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Category Rule C
95
90
85
80
g
z
[
3 75
g
Frequency 2
70
65
Rule C Rule C Rule C Rule C Rule C Rule C Rule C Rule C Rule C Rule C Rule C RuleC RuleC RuleC RuleC RuleC RuleC
10/90 15/85 20/80 25/75 30/70 35/65 40/60 45/55 50/50 55/45 60/40 65/35 70/30 75/25 80/20 85/15 90/10
e Andong 92 92 90 90 il E:] 88 86 86 85 84 83 82 81 80 80 78
e |mha 2 74 74 76 76 77 79 79 80 82 83 84 85 86 87 88 90
=== Control point 72 73 73 75 76 76 77 77 78 78 79 79 79 78 78 78 77
100
95
920
85
€
= 80
£
t
g
: 3
Quantity 75
70
65
60
Rule C Rule C Rule C RuleC RuleC|RuleC RuleC RuleC RuleC RuleC RuleC RuleC RuleC RuleC| RuleC RuleC RuleC
10/90 15/85 20/80 25/75 30/70 35/65 40/60 45/55 S50/50 S5/45 60/40 65/35 70/30 75/25 80/20 85/15 90/10
e Andong 94 94 92 92 91 91 90 89 89 88 88 87 86 86 85 84

93
s b a 78 M 80 81 82 83 84 85 86 87 88 89 89 S0 92 93 93
s Control point | 87 a8 88 88 88 a8 88 83 88 88 88 88 83 88 88 87 87

Fig. 5. Comparison of frequency & quantity (Rule C).
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Category Rule C
0.45
0.40
0.35
0.30
g
2
]
=
= 025
Resiliency
0.20
0.15
0.10
Rule C Rule C Rule C Rule C Rule C Rule C Rule C Rule C| Rule C Rule C Rule C Rule C Rule C|/Rule C Rule C Rule C Rule C
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Fig. 6. Comparison of resiliency & vulnerability (Rule C).
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Table 7. Evaluation results of resiliency and vulnerability
Category Resiliency Vulnerability
Rule Optimal AD H cP Optimal AD IH cp
allocation ratio allocation ratio
Rule A 65:35 0.30 0.30 0.26 55:45 3.85 1.40 10.78
Rule B 65:35 0.32 0.32 0.30 65:35 3.93 1.25 10.22
Rule C 20:80 0.29 0.24 0.22 90:10 0.60 1.26 1.91
ot=dii} Q5o E4F T HE3I B AT o Clark, E., J., 1956, Imponding reservoirs, J. Am. Water
A= Rule A/B/C R HE T 55~65% HlE kA Works Assoc., 48(4) 349-354.
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Zlo] §ggt Ao g BALQIT}

A& BEAoA HE7]E A2 Z= Rule (A), Rule
(B), Rule (O) EF ¢rsd-dotdl Eruisvl&
55~60:45~4001A A= =7t 7FE =2 Ao 2 HEE
o] QtEH 9] HiEH & 5%o1Y =2 A AFE =
A Yetsdth $A7]1E A= E= Rule (A), Rule (B),
Rule (C) 25 tsH-dotd SuEH&olA ks
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