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ABSTRACT

It is necessary to determine an optimal design frequency for establishing stable flood control against frequent flood disasters. Depending
on the importance of river and regional characteristics, design return periods are suggested from at least 50 years up to 200 years for
river design. However, due to the wide range of applications, it is not desirable to reflect the geographical and flood control
characteristics of river. In this study, Bayes theory was applied to seven evaluation factors to determine the optimal design return period
of rivers in Chungcheongnam-do; urbanization flooded area, watershed area, basin coefficient, slope, water system and stream order,
range of backwater effect, abnormal rainfall occurrence frequency. The potential flood damage (PFD) capacity was estimated
considering climate change and the appropriate design return period was determined by analyzing the capacity of each district. We
compared the design return periods of 382 rivers in Chungcheongnam-do with the existing design return periods. The number of rivers
that were upgraded from the existing return period were 65, which have relatively large flooding areas and have large PFDs. Whereas,
the number of rivers that were downgraded were 169.
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7Vdold So= el =2l AlZsk HE
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7P TEeE goelTEE] Fs] A tiElEe] Ak
A7} glome, shae] AANES Besh
sug et gtk
AL} AR O 100 W] 355
Po 2 sAAIE sl 9or, I7ke4H A = (National
Flood Insurance Program, NFIP)E 2-%35}o] A4 0 2 HEl7|
ok APk glrk £3) At AN ol B 5 gl
AP EE] s EF4A)84(Standard Project Flood, SPF)
o} 5000 Rlt= ZE5 ARE3lo] SR S WotsRE st
L §JtiMin, 2010).
2 peeie} o] sk B AT Qe ARto] T
o] glow vid viEsl= Sausle 7171 Sfel A Fots
AR AIRE ARSI Sl frEAIA S, SAIAIA 4,
ARA Ao T TEBte] A|He] Fieol] sk NEAIRE T
S 2 Foe] FrulslE Haskslr] 13l =kl SIHJICE,
2000). =5+ f-ofazie] 10km® oPdel frodel tiste] wAEHd
1001 ¥, =8 shd 50 W1, Z]efskd 300 Hle= st
o9 18} H8] el weh A WIS g ek Stk
=2 5715 (House Equivalent, HE)S] 73S =S35}ke]
SAlslol whe 7S] Exjolg Aot PRk o /P 1Kk
B4 Tsole) 50-100% Hojsks A|ekiwg Agsick
olefet BIYolE Aglo] Exlolg Feolr] FUT ol
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S AlFdlckBirks et al., 1992).
Ve A FEe 50%7) SRt e Sl Qs

A 574 el dHo] grol] thigh k7o) wRaESIvk
1953de]] 2l 2500 Rl = Q3] vUdat= =71%
AHGNP)2] 14%9] sigeh= Azt FJals o2 o) %, BA14
7o) whe} QEA7IES 10,000 WIER ARt} 197734
125019 QIR 313 2 we] 278 A8kl AtiDe Ronde,
1998).
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o]%, Bt 92 A1 ANdex] fredel] ok FHQ1 XA
S 22 A Y] §9 XS s 87-FAL JTH(Min,
2010). $-2lute] s A8 Wl AL 1961'd o] F5E 2000
W 2R diFE Aekde] 50 RIER Afgwo] ghoy,
20041 spxge] JHdel| whet A 15, 25 dFkle] Apgsldo R
B 50~100 RI=R AJ3kE]o] siwjo] gk s
A8 =4 A% (MOLIT, 2008b)ol| w2, s1x1e] Al s
e e FAEEITAIE wet AFsAl =1 Rk £
ZRIFAIR ] =] AA AV AR} AA =] JA]
eFe S sHRAIYY Tas 9 Wk 54 st
AR} w3k T31dA 715 sl (MOLIT, 2016)9]] wh=H,
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SEuete] FAAIRARHA F SHEEE sk A A4
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SHAeHY, 315, 5 A5 5 ohe) WS 2t gov]

(Chungcheongnam-do, 2015), 2+ 3Me] 715X]E AXJsl= A}
& WSk Agekde] AANIEE AAIFeaL gejdo s 2
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It} Chungcheongnam-do, 2017). Chungcheongnam-do(2017)
< 7)) SIS A wrksle] 7le] Rk T7He] Wt
IAE =ESE B, AIEs) 4 WPH(Analytic Hierarchy Process,
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BRIA wke akde] e A AN HelE m=Ea
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I Hrkee] Assle] F3End 7] gl HEd
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2.1 W=

Chungcheongnam-do(2015)= 6712] H71aHE-S A okalsia,
Chungcheongnam-do(2017)& 71& 67]) 37}8le] EAIHS &
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AL AR @83 sk=dARe] o] FEEAL, F9)
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Table 1. Result of Uniform Interval According to Evaluation Factor

o
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71 6719] H7RdElA 4709

Aoz ek lem,
Apol7h Ay B3l
] A dvdsRde]
TARS =SStk

g W 5 7o) w7kl

22 B7}3FI e Chungecheongnam-do, 2017).

47Ne] 7RIS AiA] 3,

FAEY, SPHSA, BEAO

T 8=

= FREL PRIEE 13708 FRIAR P A
Age AVleh 4, -GS felRas FAS shas

e Sz A R SHEA MR R TRE, 35

Evaluation Items Evaluation Factor Uniform Interval Result Num. of Data
P Lowl
mt“tset‘;wsw and | jipanization Flooded Area (ha)|  Less than 0.4 0.4~02 02~0.66 | More than 0.66 445
Watershed Watershed Area (km?) Lessthan4 | 4~6 | 6~11 | 11~23 [Morethan23| 492
Characteristics Basin Coefficient Lessthan 022 | 022~029 | 029~039 | More than 039 492
Less th:
Slope (%) More than 1.4 | 0.9~14 | 0.56~09 | 0.29~0.56 (e)s; gt(ya" 433
. 0
Ri h .
iver Characteristics Stream Order Fourth or more Third Secondary First Mainstream 492
Backwater Effect None Exist 433
Ramfa.11 . Abnormal Rainfall Occurrence D C B A )
Characteristics Frequency
Table 2. Classification and Grading of Rainfall Characteristics
Evaluation Score
Evaluation Factor
A (20P) B (15P) C (10P) D (5P)
Heavy Rainfall Watch 632~564 563~495 494~ 426 425~354
Heavy Rainfall Warning 136~111 110~85 84~59 58~32
Rainfall More than 50mm/hr 17~15 14~12 11~9 8~6
Rainfall More than 80mm/hr 2 1 - -
Future Rainfall 80mm/day 5.2~47 4.6~4.1 4.0~35 3.4~238
% Source: Chungcheongnam-do (2017)
Table 3. Weights Calculation Using Bayes Theory
Station
Evaluation Factor
Seosan Cheonju | Daejeon | Gunsan Jeonju Cheonan | Boryeong | Buyeo | Geumsan
Heavy Rainfall Watch A D B C D C A A D
Heavy Rainfall Warning C D C A C A B D
Rainfall More than 50mm/hr B D B C C D A A D
Rainfall More than 80mm/hr D D D B D A A A D
Future Rainfall 80mm/day A B D B D B C C C
Classification by Station B D C B D B A A D

% Source: Chungcheongnam-do (2017)
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2.2 HIO|= 0|22 &8st 7I5X| AFY

Hjo]= o2 F SERige] 2R ghEd| gl 73k Ae|=
N2 ZA7F AAE o] AEjks 784kt 8-k wjo]=|Qt
718 HA Am = fARE ARE AR R Skl o)&
Aol gr et Aol ARRE Fogeh= Zlolt) =, SAIRH
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ShE(prior probability, p(0))7} 2-%(likelihood, p(416))<] &2
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™, Eq. 3)7 &tk
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o] = E[

#2750 o FEUEY] Hg o185l Egs.
AehE, Azel2 AREEE Eq. (49 Lok
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ZF P8 AT ES APt S ES AREEE gt
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I PRI 1P gER ARt 4 1P AR TEAE
TRER APEsiom, 71 okiE wiS1el 71 $13E WS2)E
ZlEAU e R st 7+ 7IRIAPE Sl igEst A
WHgkETe] vlE-S APgellnt Bgk Wizt s Bl A
B oA B RIES aefele] 7 7RI T AlE ARgsisitk
2.3 SEEEAES et MY AApis Hel A%
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Probability Density Function

Cumulative Distribution Function

- 0.20

Fig. 1. Example of Evaluation Scoring Using Probability Density Function (PDF) and Cumulative Distribution Function (CDF)
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99%7} dnkdo 2 Apalxe] AAI7E 50 HI=RE 100
vz sfgsitial 7Psislty. Sd=e] AEkd & 2009
Hlzo] sgsh= s gi7] wiizol ol2gh 7S EfdsiiaL
=]

Fig. 1-& -5 w8l~(Probability Density Function, PDF)$}
FREEFE BARBKL FREERERS] 0.059) 99.59) P
WHTE TARIITE 7Rg7E AP Ske] A dAml
T=x= Table 49} 22o] Rleo] W92 W]l FvleliAls2]
5ol wet A AARIEE AHskaT

2.4 EXTBIEHS

SRS (PRD) & “5-E:0.4 b ofieh ARSI A4
R FSIe] B4 SR F50) gk FAH)
S8l Fekeg Ueike A4eh gelsin], ) S

(Water Vision 2020). o4 X192 EX3} x|5A18¢] daAdS
FAI817] $J8l] aLeke ]3Eo]EKMOLIT, 2000). Z3ls)dA) s
2 AP 1o s FEETE A 84 (Fro)e TURXIE
oA F57F APS w) WA 5 Q= A wjs] Ao,
{138 8 4(Fr)= oE Aol oisf ulsi7F B8 71
4 5 Woled AE vERITE £ IrollAl= MOLIT(2000)
ol AAES] A= FrTlEAlse] Alaae) 2EAE 28
3k3ick

g7 24 PFDE= A~D7HA] A5 JAAde) 91384
o] X5 0.5 oPd, B2 FAIA 0.5 oPdelaL 913343 0.5 w]vh,
CaEe AT %4 =5 0.5 vvk D15 A4 0.5
HRko|aL $1314 0.5 opdo = RStk ALl &3 2
AAARIE HSex] & gk& F31L B, C, D159l didtol= 2k
S F3le] k) 2 AANIEE 2SIt PFDE dshe

Table 4. Appropriate Range of Design Return Period According to Evaluation Score

Evaluation Point Less than 12.5 12.5~48.9 48.9~85.4 More than 85.4
Range of Return Period Less than 50 50~80 80~100 100~200
Table 5. Grouping Results by PFD Characteristics (Administrative District)
Administrative District Potential Factor Risk Factor PFD PFD Group
Cheonan-si 0.9500 0.6880 0.8080 A
Gongju-si 0.3670 0.6390 0.4840 D
Boryeong-si 0.5000 0.4800 0.4900 C
Asan-si 0.7950 0.4000 0.5640 B
Seosan-si 0.6370 0.3620 0.4800 B
Nonsan-si 0.3310 0.5980 0.4450 D
Gyeryong-si 0.9660 0.5850 0.7520 A
Geumsan-gun 0.1770 0.3100 0.2340 C
Buyeo-gun 0.3180 0.5850 0.4310 D
Seocheon-gun 0.3250 0.4720 0.3920 C
Cheongyang-gun 0.1580 0.6210 0.3130 D
Hongseong-gun 0.4700 0.5270 0.4980 D
Yesan-gun 0.2940 0.3260 0.3100 C
Taean-gun 0.2880 0.3440 0.3150 C
Dangjin-si 0.6050 0.3900 0.4860 B
% Source: Chungcheongnam-do (2017)
Table 6. Appropriate Design Return Period Considering PFD
Less than 12.5 12.5~48.9 48.9~85.4 More than 85.4
Range of Return Period Less than 50 50~80 80~ 100 100~200
PFD A,B,C,D B,C,D A B,C,D A B,C,D A
Appropriate Return Period 50 50 80 80 100 100 200
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Table 7. Weights Calculation Using Bayes Theory

A= Table 59F 2o,
T+ Table 63 Zth

T30 2 e Sh)
o] o) 28 Fgstel T 7HEAS AgekaL ATHEE

7ISx| AF Zut

PFDE #83te] 214 AN

Al TSt 7FEAE A

19, FAIG= 10, S=3AF
HREIE 2130 2 ARER)

Z¥z} 27N, 3702 F-gw]e]

Skv, 7} qlAe] o= AEAp} AHEo] frols ) s
£ Bgon T8 4 Ik 2, folwHo] 230k’ opgoln
PG} 039 ool 7k rislale] Hhaal 7759} 387
o] Bor ol slatEe) A4} AbgEm, o] ASl ok
= 30010k Table 7 T/13HE 9 Q149 et 715A) 2HA
ok o), Bt wlolz ol2e Agale] 24 Azl
pEe] Mg 10 B9l Fejske] A4 AANE Ao
rE el

32 M AAple A

SE71EAIE 0] 2015 o]Fol $=HE 3071 3Rl tiste]
2 AR e ARbs A8-atink d8) AR =R
7k sk 570 Bk, w4k sk 1970, FHashe skl
/N2 Ak R i g APl wAje] =m, aRxle]

SR 4 A vlsghe) 2 sple) AL g

Evaluation Items | Evaluation Factor Total Weight Weight Factor for Sections
Score Factor
Protected Lowland Urbanization 20 20 Less than 0.4 0.4~0.2 0.2~0.66 More than 0.66
Status Flooded Area (ha) (21) 21) 5.0 10.0 15.0 20.0
‘Watershed Area 20 Less than 4 4~6 6~11 11~23 More than 23
Watershed (km2) 30 (19) 1.55 3.10 4.65 6.20 7.75
Characteristics ) ) (29 Less than 0.22 0.22~0.29 0.29~0.39 More than 0.39
Basin Coefficient 10
0.97 1.94 2.90 3.87
Slope 8 More than 1.4 0.9~14 0.56~0.9 0.29~0.56 |Less than 0.29
(%) (M 0.52 1.03 1.55 2.06 2.58
River q 30 14 4th or more 3rd 2nd Ist Main
. stream order
Characteristics 29 14 0.90 1.80 2.71 3.61 451
8 None Exist
Backwater Effect
® 1.29 2.58
Rainfall Abrgzg:larlr;‘zgfa" 20 20 b ¢ B A
Characteristics Frequency (21) 2D 5.0 10.0 15.0 20.0
% () Actual results using Bayesian theory
Table 8. Estimated Design Frequency
Protected |Watershed| River | Rainfall Range of Optimal Existing
Num.| Name Location Lowland | Charac- | Charac- | Charac- |Results| Design PFD | Return Period | Return Period
Status teristics | teristics | teristics Return Period (yr) (yr)
1 Sinjang Seosan-si 20.0 6.0 19.2 15 60.20 | 80~100 B 80 80
2 Banyang Seosan-si 15.0 3.0 72 15 40.23 50~80 B 50 80
3 Gipo Seosan-si 15.0 45 5.4 15 39.93 50~80 B 50 80
4 Heungin Taean-gun 10.0 9.0 9.0 15 43.04 50~80 C 50 80
798 Journal of the Korean Society of Civil Engineers
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Table 8. Estimated Design Frequency (Continue)
Protected |Watershed| River | Rainfall Range of Optimal Existing
Num. Name Location Lowland | Charac- | Charac- | Charac- | Results Design PFD | Return Period | Return Period

Status teristics | teristics | teristics Return Period (yr) (yr)
5 Okgye Boryeong-si 5.0 6.0 2.4 20 33.44 50~80 C 50 50
6 Taebong Seosan-si 10.0 3.0 3.6 15 31.61 50~80 B 50 50
7 Yong Dangjin-si 15.0 45 14.4 15 48.95 80~100 B 30 50
8 Wa Asan-si 20.0 4.5 3.6 15 43.11 50~80 B 50 80
9 | Shinheung Yesan-gun 10.0 45 7.2 20 41.71 50~80 C 50 50
10 Yeok Dangjin-si 20.0 7.5 15.0 15 57.53 80~100 B 80 100
11 Cheonui Dangjin-si 10.0 45 144 15 43.93 50~80 B 50 80
12 Taean Taean-gun 15.0 30.0 12.0 15 71.98 80~ 100 C 80 80
13 Yongsu Gongju-si 20.0 22.5 2.4 10 5490 | 80~100 D 80 80
14 Nampo Boryeong-si 20.0 22.5 15.0 20 7749 | 80~100 C 80 80
15 | Gilhyeon Boryeong-si 10.0 3.0 1.8 20 34.82 50~80 C 50 50
16 Hwasan Seocheon-gun 20.0 6.0 12.0 15 53.03 80~ 100 C 80 50
17 Naehyun | Hongseong-gun 5.0 6.0 3.6 15 29.60 50~80 D 50 50
18 Chadong | Hongseong-gun 5.0 1.5 3.0 15 24.53 50~80 D 50 50
19 | SangHwang | Hongseong-gun 5.0 6.0 12.0 15 37.98 50~80 D 50 50
20 Gagok Hongseong-gun 15.0 4.5 4.8 15 39.31 50~80 D 50 50
21 Banggil Seosan-si 10.0 24.0 9.0 15 58.01 80~100 B 80 50
22 Osa Seosan-si 10.0 6.0 4.8 15 35.81 50~80 B 50 50
23 Gonam Seosan-si 5.0 6.0 7.2 15 33.23 50~80 B 50 50
24 Jinjang Seosan-si 10.0 13.5 15.0 15 53.50 80~100 B 80 50
25 Yedeck Seosan-si 10.0 6.0 7.2 15 38.23 50~80 B 50 50
26 Yongyo Taean-gun 20.0 24.0 30.0 15 89.01 | 100~200 C 100 50
27 | Goongdong | Geumsan-gun 15.0 24.0 1.8 5 45.81 50~80 C 50 50
28 | Wonmoon Buyeo-gun 15.0 4.5 5.4 20 4491 50~80 D 50 50
29 Doma Seocheon-gun 20.0 6.0 9.0 15 50.03 80~100 C 30 80
30 Gwan Geumsan-gun 10.0 3.0 3.6 5 21.61 50~80 C 50 50

ik 53] S30#26)0] B9 Aeo R fEvie ZRsIC
2 Agae e vise] dare wow, HkEAst sl A
AAY Ao pee

A SPRAARIER sl 67) Sl Ul frefuol
10kn? olsh WG 21 mekale] o] Arhao HF
Foeego] e sHlel] slgehs Zlow BAHITE HAH0)S
Frepazlo] 173 3kncola Ak} 5ol 307) sH FolAd
7V SR AL A PRD7 B0 Akgslo] 804
AR ZAEIGIc 3070 SRdS) Abg AVINIE A= Table 85
2,

w5, 2 AANIE] Wk 7Psa 382709 s distel
2 Qo) 2318 A AN} F7lee e 657)
(17.0%), 7+58h= 3L 16971(44.2%), FL3F 318 14871

(38.8%) 2 EA=IT) A3 SlAARIES B o] 2 AdAM]
= Aol ule} wisksle= aF<re} HlE-E Table 991 Aefaitt
Chungcheongnam-do(2017)2] Z3}e} v]wshd, 2015 o]F 71
Alglo] FHE 3k 307R0] their Wrt S7kek= SFlo] 7R,
s slde] A, Sgsk shxo] 27740, v} 7t
413719 s} 2 ¥y} Z715R= S10] 171440.2%), 7Hsk=
3l0] 69712416.7%), B8} 10| 343712483.1%) = EA=]
o} o]glst zfoli= PFDY] Ay Ai= SUshr] wzel] AHPS]
oAb Fgex] Al A IRk TEA7E B A
Arr) v} F R spe] QIR A el ZA] 71edeR]
wjizol] WS Aoz g

B H2014d 7Kl = S E=e] 739 801 Rl
olafel dFdo] 65.5%, 50\ WIx o|3le] dkdo] 34.5% = tlE
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Table 9. Changes of River Design Frequency

River Design Return Period (yr) Num. of .
Existing = ThisyStudy River Ratio(%)

30 — 50 3 0.79
30 — 80 2 0.52
50 — 80 50 13.09
50 — 100 3 0.79
80 — 100 7 1.83
80 — 50 153 40.05
100 — 50 7 1.83
100 — 80 9 2.36
50 = 50 74 19.37
80 = 80 74 19.37
Increased 65 17.02
Decreased 169 44.24
Unchanged 148 38.74
Total 382 100.0
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