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Abstract

For comprehensively assessment the water resources performance of multi-purpose dams and water supply dams in South Korea, a
methodology was proposed to utilize the durational reliability along with the integrated auxiliary indicators including resiliency,
dimensionless vulnerability, water resource efficiency, specific inflow, and specific water supply. In addition, for the purpose of
sustainable dam operation in the future, a plan to grade the water resources performance was presented to periodically evaluate the
performance and determine the priority of each dam’s structural or non-structural planning according to the evaluation results. As major
results, in the case of Sumjingang Dam, the durational reliability was 99.0%, but the integrated auxiliary index was the lowest of 44
points, which was 5th grade. This means that despite the current high reliability, hydrological changes due to future climate change or
regional change of water demand-supply balance can have significant impacts on the water resources performances. In contrast, the
Chungju Dam with a durational reliability of 93.0%, which is below the average among all multi-purpose dams, shows the 76 points of
the integrated auxiliary index, which is 3 highest following the Soyanggang Dam and the Namgang Dam. Nevertheless, due to the size
of the basin, the specific inflow is sufficiently high as 185%, so the actual performance could be evaluated relatively high. The water
supply dams designed for a single purpose tend to be evaluated relatively high because they have a high proportion of industrial and
municipal water supply and have enough room for the supply capacity.
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Table 1. Objective dams for water supply performance assessment

689

Section Han River basin Nakdong River basin Geum River basin | Yeongsan & Seomjin Other basin
(5 Dams) (10 Dams) (2 Dams) River basin (3 Dams) (2 Dams)
it | Hoamseong | Namang Mimang | ongdan | Scomingang. Juam | Buan, Boyeong
Water Supply Dams Guangdong, Yeongcheon, Unmun, . Sueo )
(9 Dams) Dalbang Daeam, Yeoncho, Gucheon
Table 2. Main configurations of multi-purpose dams and water supply dams
Area Average annual inflow Annual Basic Plan Supply (10°m?)
Dam (km?) i) (10°m’) . Mun.icipal and Agricultural In-Stream Total
industrial water use water use water use water use
Soyang 2703.0 69.0 2175.0 1200.0 13.0 225.4 1468.4
Chungju 6648.0 161.5 5093.7 2731.0 315.0 334.0 3380.0
Hoengseong 209.0 5.1 160.8 72.3 15.8 31.4 119.5
Namgang 2285.0 68.5 2160.2 2244 226.8 122.1 573.3
Hapcheon 925.0 20.5 647.8 520.0 32.0 47.0 599.0
Miryang 95.4 2.9 91.5 50.7 13.1 9.1 73.0
Multi- Andong 1584.0 31.4 990.2 450.0 300.0 176.0 926.0
P]L;ra]ﬁ)lze Imha 1361.0 20.5 646.5 269.0 13.0 215.0 497.0
Daecheong 3204.0 82.1 2589.1 1300.0 349.0 0.0 1649.0
Yongdam 930.0 24.4 769.5 492.7 0.0 157.7 650.4
Seomjingang 763.0 17.7 558.2 65.0 370.0 0.0 435.0
Juam 1010.0 21.1 665.4 233.6 0.0 36.5 270.1
Buan 59.0 1.5 473 28.5 6.6 0.0 35.1
Boryeong 163.6 4.1 128.7 90.6 4.7 11.3 106.6
Guangdong 125.0 2.7 85.1 25.6 0.8 0.0 26.4
Dalbang 29.4 0.8 25.2 13.1 0.3 1.2 14.6
Yeongcheon 235.0 4.5 141.9 80.3 12.4 14.6 107.3
Water Unmun 301.3 6.9 217.6 137.2 2.8 22.4 162.4
Supply
Dams Daeam 77.0 2.0 63.1 18.3 0.0 0.0 18.3
Yeoncho 11.7 0.3 10.7 5.8 0.4 0.0 6.3
Gucheon 12.7 0.5 14.2 7.3 0.3 0.0 7.6
Sueo 49.0 2.0 63.1 274 23 0.0 29.7
el 2, 559, Y, Y FeH gl s ARSI AE g4 HY 2 AL Tables 1 and 2]
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_ QP
Wesp = —=>100 (%) (6) Table 4. The grading criteria for the total water supply performance
e index
Q— Durational Quantitative | Integrated Auxiliary Grade
a4, = Sl'n %100 (%) 7) Reliability (%) | Reliability (%) | Indicator (Points)
More than 99 More than 99 More than 90 #1
97~99 97~99 80~90 #2
oy = % X 100 (%) (8) 95~97 95~97 65~80 #3
90~95 90~95 50~65 #4
Under 90 Under 90 Under 50 #5
Table 3. The criteria of the assessing interval for the integrated auxiliary indices
Average
Section - Very Good Good Normal Poor Very Poor
Multi-Purpose | Water Supply Total (20 points) (16 points) (12 points) (8 points) (4 points)
Dams Dams
Resiliency 0.15 0.14 0.15 | More than 0.20 | 0.17~0.20 0.13~0.17 0.10~0.13 Under 0.10
Vulnerability 0.013 0.009 0.012 | Under 0.003 | 0.003~0.006 | 0.006~0.015 | 0.015~0.03 [More than 0.03
Water resources 72.6 533 656 | Under 60 60~70 70~80 80~90 | More than 90
efficiency (%)
Specific inflow (%) 162.6 286.1 207.5 | More than 200 170~200 130~170 100~130 Under 100
Specific water 96.3 127.6 | 107.7 |  Under 80 80~95 95~110 110~130 | More than 130
supply (%)
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Table 5. The durational reliability for the multipurpose dams by tem-
poral interval unit for analysis (temporal interval unit for
evaluation: 1 year)

Evaluation unit 1 year (Unit: %)

Analysis unit 1 day Sdays | 10days | 1 month
Soyang 100.0 100.0 100.0 100.0
Chungju 64.7 67.6 70.6 60.7
Hoengseong 45 45 55 45
Namgang 97.7 100 100 100
Hapcheon 71 71 74.2 71
Miryang 89.5 89.5 89.5 89.5
Andong 79.1 81.4 86 81.4
Imha 60.7 60.7 60.7 60.7
Daecheong 82.1 79.5 82.1 76.9
Yongdam 73.7 73.7 73.7 73.7
Seomjingang 93.3 93.3 933 88.9
Juam 86.2 89.7 86.2 89.7
Buan 87 87 91.3 87
Boryeong 68.2 72.7 72.7 72.7
Average 78.4 79.4 81.1 78.4
Standard Deviation 14.9 14.9 13.3 152

Table 6. The durational reliability for the water supply dams by tem-
poral interval unit for analysis (temporal interval unit for
evaluation: 1 year)

Evaluation unit 1 year (Unit: %)
Analysis unit 1 day Sdays | 10days | 1 month
Guangdong 100 100 100 100

Dalbang 100 100 100 100
Yeongcheon 90 92.5 92.5 92.5
Unmun 58.1 58.1 61.3 64.5
Daeam 76.9 76.9 76 76.9
Yeoncho 76.7 76.7 76.7 80
Gucheon 67.5 70 70 75
Sueo 65 65 65 65
Average 79.3 79.9 80.2 81.7
Standard Deviation 14.9 14.9 14.4 134
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Reliability (analysis: 5-day)

eval. [l Perioase) [l Perioactoe) [l Perioacimon) Il Perioaciyn

Soyang Namgang Hapcheon Miryang

Multi DAM

100
75
50
2
0

Imha Daecheong Yongdam Seomjingang Juam Buan Boryeong

eval. [l Perioaise) [l Perioactoe) [l Perioacimon) Il Perioatiyn
Single_ DAM

Guangdong Gucheon Dalbang Daeam Sueo Yeoncho Yeongcheon

Fig. 1. The durational reliability index by temporal interval unit for evaluation

Table 7. The durational reliability for the multipurpose dams by tem-
poral interval unit for analysis (temporal interval unit for

evaluation: 5 days) evaluation: 5 days)

Unmun
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Table 8. The durational reliability for the water supply dams by tem-
poral interval unit for analysis (temporal interval unit for

Analysis unit 5 days (Unit: %) Analysis unit 5 days (Unit: %)
Evaluation unit Sdays | 10days | 1 month | 1 year Evaluation unit Sdays | 10days | 1 month | 1 year
Soyang 100.0 100.0 100.0 100.0 Guangdong 100 100 100 100
Chungju 93.0 92.2 89.2 67.6 Dalbang 100 100 100 100
Hoengseong 85.1 84.2 80.8 45.0 Yeongcheon 98.5 98.3 97.7 92.5
Namgang 100.0 100.0 100.0 100.0 Unmun 95.4 94.8 92.2 58.1
Hapcheon 87.2 86.1 83.6 71.0 Daeam 95.3 94.7 92.6 76.9
Miryang 97.3 97.1 96.1 89.5 Yeoncho 95.1 94.6 93.1 76.7
Andong 94.5 93.9 92.6 81.4 Gucheon 95 94.5 92.9 70
Imha 89.3 88.3 84.2 60.7 Sueo 93.2 92.4 89.4 65
Daecheong 92.4 91.1 89.3 71.8 Average 96.6 96.2 96.7 79.9
Yongdam 93.2 92.0 87.7 73.7 Standard Deviation 2.4 2.7 3.7 14.9
Seomjingang 98.6 98.5 98.1 93.3
Juam 98.7 98.5 98.3 96.6 Tha2 oA, 8 H 9] 5 (Fhe) 4] &91-F 74
Buan 96.6 96.3 94.9 87.0 ] 7|74A1 2] Aol th(Tables 7 and 8). 5 EA Tkl of| thafl
Boryeong 91.9 91.0 89.4 727 59,109, 9, U9 ]7%1 2 AHA 733'} 100%<1 27
Average 9413 | 9347 | 9173 | 7931 o bl JedTh S AQlslal 5, 10, D] B}
Standard Deviation 4.54 4.93 6.13 15.54 oﬂ H]ﬁ AActe] I ]_ Al g]Eoﬂ/ﬁ TAasH= ﬁgEH_g— Eo]\:q E
3] FFH(67.6%), B (45%), L5HH(60.7%), T5H
A B7Fee1e] 2tolof Hlsto] FATHR] O] 2o = 7|3l E = (58.1%), G AH(65%) o] B @A A P72 B} o]

Bl

9lo] §olulgh 2hol2 1ol gheck.

= 91 87 1E(G3659) T HF RS siga
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Fig. 2. Comparison of durational reliability between the entire period and the recent 20-year period
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A o)ZotAE S
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ek, webd] 2 Aol A APE B A2 o4

H A== Hashimoto e al. (1982)7}F A|3t

@ﬂiEﬂWAﬂ

HaET o)1 E miohslr|of Aglsitha AL& E|o] Hashimoto
etal. (1982)7} ARt 3|5 & AFgololth tHEAH, 84
9 35 A AYH= Tables 9 and 1001 A|AI5HT.

Table 9. Moy’s and Hashimoto’s resilience for multipurpose dams

B AT A o] :AHEE Hrlst7] 915 5 A #3717
AF e XA B L 521lo) 88 H] 39lek v &
T, FAHYF ot 7 0 2 oF A A=, A58 H]
%, 545, A8 BS54 AvE Aelshd

OF27F Zth(Tables 11 and 12).

kJII

42 3B =23}
o] /o] -c°é€r

Jof] So]7}H 2770l 52| H 20|
Fa7HEsl] Azttt

oet ool o) A sl f
Aol wst, =il S X S of AR, that i A
T 2 H IS SO R IRk 88 Bl 3 E o
o] H91E 7|2 0 2 B7}slo] fx] B4l i sfiFeoiof ¢

St Moy et al. (1986) Hashimoto et al. (1982)
Resiliency Maximum failure number of days Resiliency Maximum failure number of days

Soyang - - - -

Chungju - - - -
Hoengseong 0.005 183 days 0.09 62 days
Namgang 0.013 76 days 0.32 13.2 days
Hapcheon 0.011 87 days 0.18 29.2 days
Miryang 0.014 74 days 0.16 26.6 days
Andong 0.006 174 days 0.11 35.4 days
Imha 0.01 96 days 0.14 22.9 days
Daecheong 0.009 116 days 0.21 27.3 days
Yongdam 0.008 123 days 0.11 34.6 days
Seomjingang 0.011 95 days 0.13 38.1 days
Juam 0.008 132 days 0.1 39 days
Buan 0.007 149 days 0.19 40 days
Boryeong 0.007 151 days 0.05 51.3 days
Average 0.009 121.3 days 0.15 35 days

Table 10. Moy’s and Hashimoto’s resilience for water supply dams

Moy et al. (1986)

Hashimoto et al. (1982)

Section Resiliency Maximum failure number of days Resiliency Maximum failure number of days
Guangdong - - - -
Dalbang - - - -
Yeongcheon 0.011 87 days 0.16 21 days
Unmun 0.02 49 days 0.08 23 days
Daeam 0.005 192 days 0.22 38.7 days
Yeoncho 0.006 171 days 0.12 33.9 days
Gucheon 0.009 113 days 0.17 19 days
Sueo 0.009 117 days 0.1 21 days
Average 0.01 121.5 days 0.14 26.1 days
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Table 11. Components of integrated water supply performance indices for multi-purpose dams

Durational | Quantitative Water Specific Specific Rat%o'of Re.ltio of 'Ratio of
Sodfion | ARy | Ry e oy Valisabil| oot | gy | e | el Sgienlin]| A
%) %) efficiency %) supply | water use | water use | water use
(%) (%) (%) (%) (%)
Soyang 100 100 - - 67.5 75 50.63 81.7 0.89 17.41
Namgang 100 100 - - 26.5 698.65 185.14 39.1 39.56 21.34
Seomjingang 99 99 0.09 0.044 77.9 119.78 93.31 14.9 85.06 0.04
Juam 98.7 99.2 0.32 0.029 40.6 145.6 59.12 86.5 0 13.5
Miryang 97.3 98.1 0.18 0.032 79.8 124.26 99.16 69.6 17.95 12.45
Buan 96.6 97.5 0.16 0.016 74.2 94.04 69.78 81.2 18.8 0
Andong 94.5 96.1 0.11 0.006 93.5 79.35 74.19 48.6 324 19
Yongdam 93.2 95.5 0.14 0.002 84.5 94.41 79.78 75.8 0 242
Chungju 93 95.4 0.21 0.005 66.4 185.23 122.99 80.8 9.32 9.88
Daecheong 92.4 94.8 0.11 0.007 63.7 173.77 110.69 78.8 21.16 0.04
Boryeong 91.9 94.2 0.13 0.006 82.8 110.07 91.13 85 4.41 10.59
Imha 89 91.8 0.1 0.004 91.5 108.65 99.42 61.5 2.2 36.3
Hapcheon 87.2 90.5 0.19 0.003 92.5 81.99 75.84 86.8 5.34 7.86
Hoengseong 85.1 87.8 0.05 0.005 74.3 185.08 137.51 60.5 13.22 26.28
Average 94.14 95.71 0.15 0.013 72.55 162.56 96.34 6791 17.88 14.21
Table 12. Components of integrated water supply performance indices for water supply dams
Durational |Quantitative Water Specific Specific Rat?O.Of Ra'ltio of .Ratio of
Sestflon | Mol | mebabife | ey il ity oo oy || WO R A EHUR | e
%) %) efficiency %) supply | water use | water use | water use
(%) (%) (%) (%) (%)
Gucheon 100 100 - - 53.00 140.51 74.47 97.00 2.67 0.33
Sueo 100 100 - - 47.00 183.88 86.43 92.20 7.74 0.06
Yeoncho 98.50 98.9 0.16 0.023 58.40 198.56 115.96 93.30 6.35 0.35
Guangdong 95.40 97 0.08 0.007 31.00 681.18 | 211.17 96.90 3.03 0.07
Unmun 95.30 96.7 0.22 0.008 74.60 134.65 100.45 84.50 1.72 13.78
Dalbang 95.10 96.2 0.12 0.007 57.90 315.36 182.59 90.00 2.05 7.95
Daeam 95.00 96.6 0.17 0.006 28.90 492.75 142.40 100.00 0.00 0.00
Yeongcheon 93.20 94.9 0.10 0.005 75.60 142.20 107.50 74.50 11.56 13.94
Average 96.56 96.59 0.14 0.009 53.30 286.14 127.62 91.05 4.39 4.56
ok oleig e del AU A7 W RABS 7] §ABS SR 3ol Basi,
O] NG/ 5= Htgsto] £xb2 0 =2 o] Foj 2| A| HH, o] H 22|81 215k, A0l 8E, v 7, vl 35,
et whS QfeliA] ol o] RPAEE F71H 08 Artet FARAF NS sTHA e s AA st Bt A
of Y A4 ol LGRANN B AN A BEJY AN FAREZARE S5F FNOR SFA E
158 §AS T A, B ol4MIE BESES 4 I Tables 13~1590 2 se] 9]
a7} A, We] 7% AAS AeE Bast A 5 o 5199] 535} 2317} Table 149] 2 slo] 9,
< wersjobgich BaolA AAG 2R Hx ARt ZITAIH RS FHA R R Hle P02 FEo] o
7 70| B2 Slolg 2 QA YA Bt o4 E1of U0k L o] A Mol MR AL I HAY} 2
£919] 24 gl BeolE ATolz Waslol S35t Al Uehs 397} glol FB . oS Sol Ml 3
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Table 13. Converted scores of the auxiliary indices for multi-purpose and water supply dams

o | Rl | Vel |y || oo | T
score (%) [20] [20]

Namgang 20 20 20 20 4 84

Soyang 20 20 16 4 20 80

Juam 20 8 20 12 20 80

Chungju 20 16 16 16 8 76

Yongdam 12 20 8 4 20 64

Daecheong 8 12 16 16 8 60

. Hapcheon 16 16 4 4 20 60

pﬁ:‘;‘s’e Buan 12 8 12 4 20 56

Dams Boryeong 12 12 8 8 16 56

Miryang 16 4 12 8 12 52

Hoengseong 4 16 12 16 4 52

Andong 8 12 4 20 48

Imha 8 16 8 12 48

Seomjingang 4 4 12 8 16 44

multﬁ;z:iz:gams 12.9 13.1 11.7 9.4 14.3 61.4

Gucheon 20 20 20 12 20 92

Sueo 20 20 20 16 16 92

Daeam 16 12 20 20 4 72

Water Yeoncho 20 12 12 12 12 68

Supply Unmun 12 8 20 16 8 64

Dams Dalbang 8 12 20 20 4 64

Guangdong 4 12 20 20 4 60

Yeongcheon 8 16 12 12 12 60

Average of water dams 13.5 14 18 16 10 71.5

Total Average 13.1 13.5 14.0 11.8 12.7 65.1
G- 711 2 o FAA B = 22 99.0% % 155°] 7 T A o] 2 E2 FEe Kotk SFEe
&o} Qlou, BAHEA] =447 0 & FslQl 5550 F YO =28 82 st v 3aol 123% 2 =21
oAsfo] ek o= A TEsH o= 8 oA SSHAT Y A B FAT0] 185% = SRt T
sh=dl APl At g o] Sesad (At Soler iRl AlE s Ao AR o E 2w
ol-88), A48 el ¥t FAFH FUD), A-87F  ofob eIt SHARE 01-°021, 151780 7] 291 84
i8] 71 2A G EFE TE) T ST mie- HT  F AF AR 71 A AlEste w17
S HojF L Agtolth, =, Ao FH x| AA Wste  BAAHO] I JHE AL S st 01 d kol = M
ke

fEFo] FastAL 85 427 371 A B4 A
Apo] 47 Hs o] WS Sk 24 oujgick Wi %
FY) A9 AN Eot FHAR T} 217F 03.0%2}
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Table 14. Rating results for the multipurpose dams

J. Sung et al. / Journal of Korea Water Resources Association 55(9) 687-700

Section Durational Reliability (%) Quantitative Reliability (%) Integrated auxiliary indicator
Soyang 100.00 (Grade 1) 100.00 (Grade 1) 80 (Grade 2)
Namgang 100.00 (Grade 1) 100.00 (Grade 1) 84 (Grade 2)
Seomjingang 99.00 (Grade 1) 99.00 (Grade 1) 44 (Grade 5)
Juam 98.70 (Grade 2) 99.20 (Grade 1) 76 (Grade 3)
Miryang 97.30 (Grade 2) 98.10 (Grade 2) 52 (Grade 4)
Buan 96.60 (Grade 3) 97.50 (Grade 2) 56 (Grade 4)
Andong 94.50 (Grade 4) 96.10 (Grade 3) 48 (Grade 5)
Yongdam 93.20 (Grade 4) 95.50 (Grade 3) 64 (Grade 4)
Chungju 93.00 (Grade 4) 95.40 (Grade 3) 76 (Grade 3)
Daecheong 92.40 (Grade 4) 94.80 (Grade 4) 60 (Grade 4)
Boryeong 91.90 (Grade 4) 94.20 (Grade 4) 56 (Grade 4)
Imha 89.00 (Grade 4) 91.80 (Grade 4) 48 (Grade 5)
Hapcheon 87.20 (Grade 5) 90.50 (Grade 4) 60 (Grade 4)
Hoengseong 85.10 (Grade 5) 87.80 (Grade 5) 52 (Grade 4)
Average 94.14 (Grade 3.2) 95.71 (Grade 2.7) 61.14 (Grade 3.8)

Table 15. Rating results for the water supply dams

Section Durational Reliability (%) Quantitative Reliability (%) Integrated auxiliary indicator
Gucheon 100.00 (Grade 1) 100.00 (Grade 1) 92 (Grade 1)
Sueo 100.00 (Grade 1) 100.00 (Grade 1) 92 (Grade 1)
Yeoncho 98.50 (Grade 2) 98.90 (Grade 2) 64 (Grade 4)
Guangdong 95.40 (Grade 3) 97.00 (Grade 2) 60 (Grade 4)
Unmun 95.30 (Grade 3) 96.70 (Grade 3) 68 (Grade 3)
Dalbang 95.10 (Grade 3) 96.20 (Grade 3) 64 (Grade 4)
Daeam 95.00 (Grade 3) 96.60 (Grade 3) 72 (Grade 3)
Yeongcheon 93.32 (Grade 4) 94.90 (Grade 4) 60 (Grade 4)
Average 95.16 (Grade 2.5) 97.54 (Grade 2.4) 71.5 (Grade 3.0)
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