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ABSTRACT

Recently, due to the climate change, the frequency and intensity of extreme rainfall events have been continuously increased in regions
of South Korea. As a consequence, safety issues have been raised especially in the hydrologic safety of old dams designed and
constructed by the old standards. In general, for improving hydrologic safety of existing dams, two options are considered: 1) raising
dam crest; and 2) constructing or expanding an emergency spillway. In this process, the main criteria of alternative selection are
overtopping possibility and cost efficiency of each alternative. This approach is easy to implement but it is subject to major limitation
for the proper evaluation of alternatives, overlooking downstream flood damages by any controlled flow of water that is intentionally
released from dams to eliminate the possibility of overtopping. Therefore, this study suggests a framework for evaluating the dam safety
strengthening alternatives in terms of a comprehensive flood control by applying the concept of resilience. The case study shows that
the resilience-based evaluation framework which considering downstream flood damages is effective in the selection of dam safety
strengthening alternatives.
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gtk dukdo = W Goo] Fl=H 342 probable maximum
precipitation, PMP)2 7152 2 249 71 s-F o8 probable
maximum flood, PMF)S EH2 ¢EIAS HESH=4] ©] PMP7}
S7F8laL §l= Aoltk. ouff S0l PMP ofeff #Aj47} & vieE
e -F(overtopping) 3 7Fsde] Jrhd kel EA7E lrfar
E T Atk o= A AR R | B3] Akle] of 34%7} 2Rl
712130ek= vl ZAZICK(Costa, 1985). wehy T Wyt 3304
SAPe] wkdE PMPE Vo2 s #A 7l s
AAAFEES] FA 2D T W ] HRAde] AL &
Atk AR 19999 AR 18] Azgo] B=) oF 2,50072]
oA} of 1,1109] ¥¢] BA1Z vlsf7t Bt Ministry of
Government Administration and Home Affairs, Republic of
Korea, 2000).

o] FESH KIS dEHo® thgo F 7HA] ks
B3l SEsHAl "rk DR SaLE B3l As sk Hek
ofrR B u= S S Shifsh= Rk A7
A digks Adeisk= 4] 7S W 7Fsd tiv] AR Ik
(Lave and Balvanyos, 1998). = Fojzl 27 slo] €& 7Fs4S
e AF FFE olFUL (Joo et al, 2013; Park et
al, 2013), 9% 7FsAE AU 5 Q= TR HEE Fol
AAgE SN 7K S ek AAsHs A7t vt
(Park et al., 2003; Yi and Nam, 2007). Z12]22 o# tjoks
7IRE Well Agshs Folkl PMP oR) € 7hsde] glchd 71
SARZE 27 FRlEE vighe] 9dF e arjEt) spAvt 4
gt ket ZelE 2heehs ErEet L Sl FHo
T AEARDe] vEtE 1S areshy, tijhE AM] Xjo|i.
o el 2ol B 2 5= Q1] whizel] W ARAle] el
=gkl tioks Adeehs e FelHolx] Eajrlal & 4 ik
web A 7he/de T3l Sadrse] drlok W ok
3 g5k ks 7IsloR A ks dellom w8t ¢ Stk
ofel] £ = W] TR kA st Sl wijke:
A7) S8l W 20152 Hr Al slEekE A (resilience)
olgh= /ide =istart gtk dukd o= sEEHAge 54
AlzEo] AgBh= AU o] SRV o) F Hashe A=
2 QY FEoR EshRs v 28¥= AR E SAsk=T)
(Mayunga, 2007), o]&Jgt £ Zf=d} 1 5445 aefsfof
she W 3d7s W7ol Ageitt PMP= =3iPdol], Zdh
RS AHS 2R HjH o, ASARES S5 tigle]
7Fssl7] wEetk
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2] ok A A1 AIhE ARKstel, £ dTeld AR
sEeEy Zeeae) AES FEe w, mxro s
AR B AT AE AR
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2.1 3=EE=Eo| JEH Ho

S| Eek XY(resilience) o] 2= &-o]= Holling (1973)°] 2J3}
st FopollA] A AMEIET o] 7= AlZ=RI(AYEA)C]
AT e S48 SHTEHo R g3tk Al=ge]
B o Eslele £4& the 8o, S < d(stability) &=
TSk ofF SiERRP T ot ok Bl HAe w2} tiels)
Al 285t 53] AejAk A HALS)(community) ] E3HA] 4]
S35 olalalr] fa) A &ds] -85 QlrkKlein et al.,
2003; Walker et al., 2006).

Timmerman (1981)2 3&EEEYS /g2 o2 A3l T
o] 7 wol JI8HE A7 5 R Holling (1973)7=
g 2jodg Ak o] A= 7N aLfre] 5ol tisled]
AHrLsle] S, = 7RAPde] FAol| Hrks S/gHnt ofy
2} o] Apde] Y& EdE Eske dde] IS slEREA
o] AR Btk AA A= <18l 7 AVde] dE 1 =
T Ae) 2 Bl SR EAlo|A AME B
e AR 45 AR o 5 AeIslel BAE B3
Ao, BTIRE ek wshe A S8 Haslshe
Qe Aeptsle] et ARk Bl yolck

Timmerman (1981) o]% |3 2 At FHopol|A T Al
(Rose, 2004; Rose and Liao, 2005; Bafios et al., 2011), <4
AP(Xu et al., 2007; Ouyang and Duefias-Osorio, 2012), x/ZF
(Bocchini et al., 2014) 5 tlelst 7[HAAS thfo 2 3lEerey
9] 7ide] &AL A S0l Wt 1 A7t AlEshE i
o]AHq thtst ool = Bkl S HTHAEL tEe] F 71
&R £8& 25t Zhou et al. 2010): DePF 4ol thgh 73334
(robustness); 2) el FEN= B2 P7EA1S] A rapidity). o]
£ = st U 38 289 | el s
ede Sgstarat gk skt 7S] Al B At o] At
A Gns]e] slEE el FEAE v 2 e | )
5 A 23& Far) sk st vle) o] e Agu)=
FAA g3t etel] wet olgk SREEe 2 Hedl, o
2poli= WRe] 7| S0 71918 B A GALBle] =



w7le] Elol] mhiolck Folurt B oire] %jo] gle] 453}
2 obi ) oioke geks AAE rishs o) Q7] wEe
Aol 9IS W o] ZPsel] SR Sk aokehd B
A7 Heleh sEgge W Fradrlse] Fau,

e HAWETES S, A9 S 2k AlRRE

TRdh= AR ARES SR SAEE
2.2 3I=EEYO| sliAE Ho|

sEEEAe o] £48 At o)E she] B3 A=
FHap7] S18l Tt sialA Qo ptEdie: 1 5 B
Ao]= Eq. (1) Zt)(Bruneau et al., 2003; Cimellaro et al.,
2010; Bocchini et al., 2014).

R, = f:’ Qt)dt 1

P, R A2 7V5e] % 22, 1 A 7)so] <aluhe
A, 12 7)50] Shs] B AR, O 715 S5e) MEgol
o} Bq. ()& 5% A2=sle) slageige) 2718 whe 279
NeEl 750 & AR 2RI & iAol S48, 41440)
Z4E RE 2 e 2Tk geh Ryo) He5E slugey
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Fig. 1. Resilience Loss as Computed by Eq. (1)
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A R A= 47 AR Al
spEEE Ao Fadh aejdvdo] Hot o]d WIS HAt
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/STEP 1. PMP & PMF Determinatioh

Probable Maximum Precipitation
Hydro-meteorological method
Statistical method
Envelope curve method

Rainfall-Runoff Model
* Snyder method

» Clark method

* SCS method

Probable Maximum Flood

- : J

/ STEP 2. Discharge Estimation \

Dam Discharge Rate =Inflow Rate - Storage

Conditions

1. Increasing discharge rate:

Dam discharge rate < Levee’s design capacity
2. Fixeddischarge rate:

Dam discharge rate = Levee’s design capacity
3. Maximum discharge rate:

\Water level = Design flood level

J

/ STEP 3. Resilience Assessment \

ty
Where to

R_: loss of resilience

ty: time when outflow exceeding levees’ design capacity
t,: time when outflow exceeding levees’ design capacity
Q(t): overflow of the levees at time t between t; and t,j

L

Fig. 2. Resilience Assessment Framework
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W F52Ar)5] sBeEy A
= W7 Sl PMP2L 9] whE PMFS 2B33) o)) §31sh= 4. \l ¢i7
=8 fES Fohs Zolvk PMPE tifiL 77 78] A7,
Bl Fask AfF FEZo 2 Fojxl 7Pz ok E4 41 AR R
Frojoll BT 5 Qe oleF] HY s 53 World K] S gpe U 2] )13k o] m, o] 612me)]

Meteorological Organization 2009). PMP+= =7 1/dsh] v
(hydro-meteorological method), EASF] H%(statistical method),

5¢ B9 4T 5

2 ¥ 2PX "WH(envelope curve method)

k. PMPE ko2 ks ¥ fd3s 78 = gla 1
% Avksdae] PMEZ} ok PMF= PMPS] ARl wlE 2E s
B2 A3 (design hyetograph)E e ¥ £ 38
EE el e

T 3k o] Al thgk AFAR] A e
TS A AAAE w=r, 2RAeE 282 World Meteorological

Organization (2009) 5& g <= Utk
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7N O~Q7AE= ZralElE WAk 711o]
A4 FHE L7 HAE S8l TrujslE s
W3HE Tteltk PMP7L 2AYs] PMEZ| Jlo]l f9)=l=
@0l =eshs ofnjahn, o7]x @l FYsh= AR(1)5F-El

ZA7Veg el =, oA ol Q= BFshs AR®)
M Erdr o] BEt) o] ARE F3F | whRRkelA] A
TS AR ghol = O7F W9 0 7 17119
7kl thsfl HE3F gro] Rio] FiEq. (1) =)

Al WA SARE R w3 Q2] 34E aefsl S53kslE sk

Holct gt nje} o] F5ulalE AL FHR)ERF o2}
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92 EAH(earth core rock-fill dam)o]c). o] He F-<9A
2 1,584km’°, FA-4TF 1,248Mvhn’, F52H4F 1109}
m’, §5EF % 9263 ¥im’, 2 HEAAPIEF 90,000kW THELE
Agghom, 1971 2F3) 1977:37E AAP7HA] SF=aL Ak
o] W& 2007'd v 5= APIFAL 2 A7kA] ] 2o
AR 8] kS 7 gtk ofu AR89 PMPS) 1o

2 PMF+ Table 13} Zt}(Ministry of Construction and
Transportation, Republic of Korea, 2005).

Table 15 53l ARIo] 3555 PMF7} S7k8ke Baks 2Rl
3 4= ek v PMP= A3A] @A(1971a)5Th 9.4% 571
o]2 13} PMF= 80.8% “d=53ch o139 PMF7} 543] =55t
o= wRAEF H7H2004d) 2Fel] FAK2002'd), wir](2003)
o} 22 715HQ1 Bl U] wEelck

19710 2 1988 7} Aloll= 7| o= vko 2% R7}b
USR] eFEThe AES WY 5 glSlon 2001dR el TR
Fdo] VERF= 2t ERIE 4= ATk 2001d0k= AlRIRE
wiololt ARy WAEHA] eRetiE ARS A9 20040
A 32 E Sl WUoks sk Feh we] ol
FAZE oldsick ol#gh vl 3t 71 | FaL, V1S oFR
3K, vl o2 2l e dijle] HESlon HEAo s )k
v 52 (S R Sa)ske weke] AEsiar 4
AR Foll ek SRR tieke] Ae FpAelA] AR 7FsA Al
T8 R 2 il e SRESAe] 1EkEE), o2
EE HE s A9 2AE 5 Qe s S5 ulsle
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PMP 3! T10]) w2 PMFE 548+ 231 sjoll As7ts}7] 2lsl

A ol AEE el AR ikl sjEede] vluks- AP ez AVdEAR Aol ARSI ZU(Table 19] 2004 Fh)&
A A4 5 Aok T EE3IE ou) PMP= S ek WRls 2-8s) 43
Table 1. Comparison of PMP and PMF for Case Study Dam Watershed
Year 1977 1988 2001 2004
PMP (mm) 530 434 573 580
PMF (m’/s) 8,350 10,251 13,016 15,100
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