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Study on Selection Criteria of Small-Scales Reservoirs for Emergency Action Plan(EAP) Establishment
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ABSTRACT

This study developed selection criteria of small-scales reservoirs, having under 300,000m’ storage capacity, for the Emergency Action Plan(EAP)
establishment in order to reduce the disaster risks of the reservoir’s failures. Those reservoirs are out of ranges of Korean EAP establishment standard,
but have potential risk of disasters as they have often failed by the recent extreme rainfall events and earthquakes, causing economical and life losses.
The problem of reservoir aging is also one of the reasons of them. In this study, the developed selection criteria of small reservoirs for EAP
establishment are storage capacity, embankment height, reservoir age, heavy rain factor and earthquake factor. These criteria were selected based on
the review of the existing EAP establishment guidelines, analysis of the past dam failure cases, and the previous related studies. The quantification of
these criteria were conducted for the practical applications in the fields, and applied to 67 previous failures in order to investigate the relation of each
criteria with these failures. The earthquake factor found to be the highest relations followed by heavy rain factors, combination of earthquake and heavy
rain factors, and reservoir age. The classification was made as observation and review groups for EAP establishments based on overlapping numbers
of each criteria. This classifications applied to 354 reservoirs designated as having the potential disaster risk by MOIS, and showed 38.4% of observation
and 11.9% of review groups. Anticipatory monitoring and regular inspection should be made by professional facility managers for the observation group,
and necessity of EAP establishment should be assessed for the review group based on the downstream status and financial budget.
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Table 1 Classification of dam size based on storage capacity and height (CDA, 2017)

Index Small Medium Large
Storage capacity 1.2X10%n° or less 1.2X10%m* ~60 X 108 60X10°m* or more
Height 12m or less 12m~30m 30m or more

Table 2 Classification of dam risk based on design flood (CDA, 2017)

Index Small Medium Large
Low risk 100 years frequency 100 years frequency~0.5XPMF 0.5~1,0XPMF
Middle of risk 100 years frequency~0.5XPMF 0.5~1,0XPMF 1.0 XPMF
High risk 0.5~1.0XPMF 1.0XPMF 1.0 XPMF

Table 3 Classification of dam risk based on human injury and property damage (CDA, 2017)

Index Low risk Middle of risk High risk
Human injury None Almost none Yes
Property damage Small Comparable scale Large
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Table 4 Selection criteria for EAP establishment in this study

Consideration factors Main consideration Selected criteria

Contributed in downstream flood damage )
Downstream flood damage ) Storage capacity
and past dam failure

Dam failure simulation Main factor in dam failure simulation Embankment height
Aging of facilities Main factor of the past dam failure ' Reservoir age
PMF . ) . ) ) Heavy rain
Main factor in dam failure simulation

(Probable Maximum Flood) factor

MCE Main factor in dam failure simulation Earthquake
u u
(Maximum Credible Earthquake) factor
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Dam type Average break width(B) Break time(T, hr)
Fill dam(well constructed) hy<B<3h; 0.5<T<3.0
Fill dam hy<B<3h; 0.1<T<05
where, h; : fill dam hight(m)
Table 6 Feasibility evaluation criteria for renovation of the disaster risk reservoirs (MOIS, 2016)
Class, Evaluation criteria for facility deterioration Criteria for disaster occurrence
A Over 60 years of completion year Precision safety diagnosis result E
B Over 50 years of completion year Precision safety diagnosis result D
C Less than 50 years of Completion year Precision safety diagnosis result C
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Table 7 Over 4 magnitude earthquake occurrence area and earthquake zone of dam design standard (KMA, 2017; KWRA, 2011)

Ranking Over 4 magnitude of earthquake Earthqu?ke zone of Earthquake
Magnitude Date Location dam design standard | occurrence area
1 5.8 2016, 9, 12 Gyeongbuk Gyeongiju I O
2 5.4 2017, 11, 15 Gyeongbuk Pohang | O
3 52 1978. 9. 16 Chungbuk Boeun I O
4 5.1 2004, 5, 29 Gyeongbuk Uljin | O
5 5.1 2004, 4. 1 Chungnam Taean | O
6 5.0 1978. 10, 07 Chungnam Hongseong | O
7 5.0 2003 3. 30 Incheon I O
8 5.0 2016, 7. 5 Ulsan | O
9 4.9 1994, 7. 26 Jeonnam Shinan | O
10 4.8 2007. 1. 20 Gangwon Pyeongchang Il
11 4.5 1993. 3. 28 Jeju—do Il
12 45 1996, 12, 13 Gangwon Yeongwol | O
13 42 1985, 1, 14 Busan | O
14 4.2 1996, 1. 24 Gangwon Yangyang Il
15 4.2 1999, 1. 11 Gangwon Sokcho [l
16 4.0 1979, 2. 28 Chungnam Hongseong | O
17 4.0 2003, 6. 9 Jeonbuk Gunsan | O
18 4.0 2005, 6, 29 Gyeongnam Geoje I O
19 4.0 2009. 5. 2 Gyeongbuk Andong | O
A 7Q1Ap 2| 2| A5 Table 70]] Liehd ule} Zho] ;,LE M. #=2 %X D&
=
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Table 8 Quantification of the reservoir selection criteria for EAP establishment

Index

Quantification

Related references

Storage capacity

— Over 100,000 tons to 300,000 tons

Past Failure Case(67EA)
Statistical Yearbook of Agricultural Production
Infrastructure Maintenance Project(MAFRA, 2016)

Embankment height

— Over 11m

Destruction of Dam(Lee, 1987)

Reservoir age

— Over 50 years

Disaster risk reservoir and dam management
guidelines(MOIS, 2016)

Heavy rain factor

— More
heavy rainfall

than 4 frequent

damaged area by

— Disaster annual report(MOIS, 2014)

Earthquake factor

— Over 4 magnitude earthquake occurrence area
and dam design criteria earthquake zone

— Over 4 magnitude earthquake occurrence
(KMA, 2017)
— Dam design

standard(KWRA, 2011)
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Table 9 Classification of EAP establishment group based on degree of overlapping criteria

Index Criteria status

Reservoir age + Heavy rain factor, Reservoir age + Earthquake factor,

Observation grou
group Heavy rain factor + Earthquake facto

Review group Reservoir age + Heavy rain factor + Earthquake factor
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Table 10 Application results of EAP establishment grouping for the
disaster risk reservoirs

No, of Criteria EAP
. " Numbers| % |establishment
overlapping status
group
Unidentified 9 2.5 -
Unidentified
Sum 9 2.5
A B, C, D, E| 131 37.0 -
1 criteria
Sum 131 37.0
A+B 4 1.1 -
A+C 7 2.0 -
A+D 0 0 -
A+E 0 0 -
B+C 1 3.1 -
2 criteria B+D 7 2.0 -
B+E 0 0 -
C+D 104 29.3 | observation
C+E 4 1.1 observation
D+E 8 2.3 observation
Sum 145 40.9
A+B+C 2 0.6 -
A+B+D 5 1.4 -
A+B+E 0 0 -
A+C+D 1 0.3 observation
A+C+E 2 0.6 observation
3 criteria A+D+E 1 0.3 observation
B+C+D 13 3.7 observation
B+C+E 0 0 -
B+D+E 0 0 -
C+D+E 41 1.6 review
Sum 65 18.4
A+B+C+D 2 0.6 observation
A+B+C+E 0 0 -
A+B+D+E 1 0.3 observation
4 criteria
A+C+D+E 0 -
B+C+D+E 0 0 -
Sum 3 0.9
A+B+C+D+E 1 0.3 review
5 criteria
Sum 1 0.3
Total 214 100.0

* A:Storage capacity, B:Embankment height, C:Reservoir
age, D:Heavy rain factor, E: Earthquake factor
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