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Abstract

In the study, we infer the causes of the Mowon Reservoir Collapse which occurred in 2018. It was figured
out that the Mowon Reservoir Collapse was induced by the hazards from changes in waterway, reservoir
area, land cover, and rainfall. We analyzed the risk of collapse for 3,186 reservoirs managed by the Korean
Rural Community Corporation (KRCC) through a multi-hazard approach. The consequences of the reservoir
collapse were categorized to 5 classes, assuming that the losses by collapse are proportional to reservoir
capacities. The likelihoods were rated for each class according to the scores determined by the hazards
from reservoir inspection grade, rainfall change, earthquake magnitude change, land cover change, and
fire area. The reservoir collapse risks were calculated by a risk matrix of likelihood and consequence. Naju,
Yeongam and Gyeongju were identified as the most risky Si-gun-gu’s according to the total sum risks.
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(a) Aerial image in 2003
% Source: Map, ngiii,go kr
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(b) Aerial image in 2008

Figure 1. Comparison of the waterways upstream Mowon reservoir; white dashed lines indicate the waterways upstream
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Figure 2. Comparison of the reservoir areas; white solid lines mean reservoir perimeters and dashed lines indicate the waterways projected
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Figure 3. Collapsed Mowon reservoir; some slide being constructed with stone
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Figure 4. Land cover changes and wild fire sites within the watershed of Mowon reservoir; red solid lines mean watershed perimeters
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(a) 24-hour rainfall
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Figure 5. Rainfalls history of Jangheung weather station near by Mowon reservoir
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Table 1. Consequence criteria

Class Criteria Reservoirs

1 20% sort priority in ascending sort order 637
by capacity

9 20~40% sort priority in ascending sort 637
order by capacity
40~60% sort priority in ascending sort

3 . 637
order by capacity
60~80% sort priority in ascending sort

4 . 637
order by capacity
80~100% sort priority in ascending sort

5 . 638
order by capacity

Table 2. Safety inspection grades for reservoirs

Grade | Reservoirs Description

A 434 (Excellent) Best state having no
problem

B 1,029 (Good) There are minor defects on
secondary members,
(Fair) There is no safety problem but
are minor defects on main members or

c 1,647 :
extensive defects on secondary
members,
(Poor) There are defects on main

D 76
members,

B 0 (Very bad) There are fatal defects on
main members,

¥ Source: www,alimi,or kr (2018)

Table 3. Relative likelihood

Inspection Grades Collapse likelihood
A (excellent) 1
B (good) 16
C (fair) 33
D (poor) 56
E (very bad) 183
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Table 4. Rainfall change classes

Class Criteria Reservoir (portion)
0 change (= 0 mm 1,453 (45,6%)
10 0 { change {= 10 mm 530 (16.6%)
20 10 < change <{= 20 mm 701 (22.0%)
30 20 { change (= 30 mm 154 (4.8%)
40 30 { change (= 40 mm 246 (7.7%)
50 40 { change ¢= 50 mm 60 (1,9%)
60 50 { change (= 60 mm 21 (0.7%)
70 60 { change {= 70 mm 10 (0.3%)
80 70 < change (= 80 mm 6 (0.2%)
90 80 ( change (= 90 mm 0 (0.0%)
100 90 < change <= 100 mm 0 (0.0%)
110 100 < change <{= 110 mm 0 (0.0%)
120 110 { change <= 120 mm 0 (0.0%)
130 120 { change <= 130 mm 5 (0.2%)

Table 5. Likelihood-increased ratio by 10 mm increasement of extreme

1-hour rainfall
Inspection Grades Collapse likelihood change
A (excellent) 11
B (good) 1.5
C (fair) 2.1
D (poor) 3.1
E (very bad) 9.9
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Table 6. Earthquake magnitude change
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Class Criteria Reservoirs (portion)
0 change (= 0 MR 1,841 (57.8%)
1 0 { change {= 1 MR 1,092 (34.3%)
2 1 { change (= 2 MR 200 (6.3%)
3 2 < change (= 3 MR 53 (1.7%)
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Table 7. Likelihood-increased ratio by 1 MR increasement of extreme

earthquake magnitude

Inspection Grades Collapse likelihood change
A (excellent) 1.5
B (good) 1.8
C (fair) 2.3
D (poor) 5.2
E (very bad) 9.2
EA|u)E Hohks A Y2 U= 132 571

2 o3 4 ik HEARIT AREAE Flo] §

Table 8. Land cover classes

Table 9. Likelihood-increased ratio by 10% increasement of land cover

change in watershed

Inspection Grades Collapse likelihood change
A (excellent) 1.3
B (good) 1.9
C (fair) 3.0
D (poor) 5.2
E (very bad) 10.5
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Class Criteria Reservoir (portion)
0 change in watershed = 0 54 (1.7%)
10 change in watershed (= 10% 605 (19.0%)
20 change in watershed (= 20% 750 (23.5%)
30 change in watershed <= 30% 609 (19.1%)
40 change in watershed {= 40% 536 (16.8%)
50 change in watershed <{= 50% 320 (10.0%)
60 change in watershed (= 60% 154 (4.8%)
70 change in watershed (= 70% 91 (2.9%)
80 change in watershed (= 80% 26 (0.8%)
90 change in watershed (= 90% 6 (0.2%)
100 change in watershed {= 100% 35 (1.1%)
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Table 10. Wild fire area
Class Criteria Reservoirs (portion)
0 fire area = 0 2,673 (83.9%)
10 0 { fire area <{= 10% 513 (16.1%)
t} 27 A Q) W= 1~244,0957FA] wlj$- ?_g Al E Table 11. Risk matrix criteria
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Figure 6. Cumulative reservoirs with regard to collapse likelihood
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Table 12. Result of Collapse risk analysis

Likelihood
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District TSR Reservoir TSR rank Rsv, rank

Naju 1,452 161 1 1
Yeongam 931 137 2 2
Gyeongju 820 75 3 b
Haenam 771 78 4 4
Goheung 688 46 5 18
Yeongcheon 576 83 6 3
Muan 514 50 7 10
Ulju 511 72 8 6
Pohang 507 54 9 9
Jangheung 486 32 10 37
TSR: Total Sum Risk; Rsv,: Reservoir
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