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Abstract

The objectives of this study are to develop the flow nomograph for real-time flood forecasting and to
assess its applicability in restored Cheonggye stream. The Cheonggye stream basin has the high
impermeability and short concentration time and complicated hydrological characteristics. Therefore, the flood
prediction method using runoff model is ineffective due to the limit of forecast. Flow nomograph which
is able to forecast flood only with rainfall information. To set the forecast criteria of flow nomograph at
selected flood forecast points and calculated criterion flood water level for each point, and in order to reflect
various flood events set up simulated rainfall scenario and calculated rainfall intensity and rainfall duration
time for each condition of rainfall. Besides, using a rating curve, determined scope of flood discharge following
criterion flood water level and using SWMM model calculated flood discharge for each forecasting point.
Using rainfall information following rainfall scenario calculated above and flood discharge following criterion
flood water level developed flow nomograph and evaluated it by applying it to real flood event. As a result
of performing this study, the applicability of flow nomograph to the basin of Cheonggye stream appeared
to be high. In the future, it is reckoned to have high applicability as a method of prediction of flood of
urban stream basin like Cheonggye stream.

Keywords : cheonggye stream, flood forecasting, flow nomograph

2 x|

AT BAL EAshd s Bl AR AT SR E 919 flow nomographs ZEEtaL, ASAEE
&3l flow nomograph®] 48735 HEsh=tl It} & Ao HEWIAGA IAHFH L =2 BFrE, F2 =27
R ] BAE 2t glo] V1 A e-fE BE o3 S5l o] ABARE g Sl daAE
AFA Fahar ol AAgelth ol i AFexE el AYAIRES SHEE] flE) BRI oRE F4oHT}
7Fe & flow nomographs 7HZ-&F3{tt. Flow nomographi= 73775, 7-¢-A|5A13E 2] 79 1eek 73, =917ke] A
VAE 78 Aotk & Aol A= Flow nomograph 7HE3Hgell A o i 7% A& e Zalli A5 A sto]
A 7 e sl e, ekt SeAdE wtdsh] flsl 7 AeAlvel o8 Akl A A
L} 7 A EAE AP sty 1 - A S o8kl VI Ftlel wek S WelE AAska,

) o A

*AEU gy EAAATA-EESEE 8T W (e-mail: dhbae@sejong.ac.kr)
Prof., Dept. of Civil and Environmental Engrg., Sejong Univ, Seoul 143-747, Korea
# g )0}, AL/NEAIYY, U] (e-mail: zottosim@naver.com)
Post Master ,Dept. Research and Development, HECKOREA, Seoul 158-723, Korea
s WAL, AEWSR WA AL AFRS (e-mail: yoon@hmd.dprikyoto-u.acjp, Tel: 1-774-38-4263)
Carresponding Author, Research assistant professor, Disaster Prevention Research Institute, Kyoto Univ, Kyoto 611-0011, Japan

454 1158 20124F 11H 1107



Aok A E e Al e 2 AR} 7 59 e S-S 0838k flow nomographE e o,
o)

1. M 2

FH A AAIARL 71 5Ris E 7ol o 18] =74
A 5] HA N7 Srkska 9lom, Al e
2 A AAeE| 7 Frbekal e Aotk vkt
L ool ofUn, 53] BAIAY S A F455 EA8)
9 bl whEl fdAgke] whE Tk 7 AT
frege] S7h 9 = AR T ARl
a2l wistE 1 F37t rkeEa ik

dukd oz SIS Fo)7] Sl WHoRE 31
Aol thEA wlo] 1A T 22 F2AQ1 f
Fon Al aE SRS B3 Al aEle] 293 2 Bl
z24 e A7tk 4= 2t Anderson and Burt, 1985)
ool TAfFA ] A9 ST o] iR =2y e
2 o] &5 glo] 724 AT} Ze o) 22 v
4 A e] Ago W PE 7]golal i FAlelH,
UM o]9} Fedd thtdt ATE a3 nf gl
AEA S(2007)2 FAHA] 231 F-98 oz TA
R8¢l SWMM (Storm Water Management Model)
S A&l Foo] SlAE=AINES et 2dTFS
aEstka AR BUE Y Al2=glE F5Ste] 2o A
A e ks ks vk gl wiE g 5(2008)
AAA Froe] Fx24 5548 adste] 9T A
Fote] AR AFE SR AR, ol
7S Ao R e, 9, Fudd 2 AR A5 w0
ZSA8E VMo g 3 TidSrnde] FEHEUehS A4l
Sk vl otk o} 3](2010)= tiEA ] T fF9s F
Ao gk 30 s (A, fred, el tal] g5l
B 2ES pAsla FEAEe] A, a4
A 2 AA, S|AEAS At HEHoR e F
T #S AE52 FE vAS - g FMss
of 53¢k uf ek ESh o] FH 5(2010)> =EAIke] #
& TGN BTG WA Al Aol e S
o] F9sks Algatal HESH A5 & = 374
S B9 SR 2YS AAEkL 1 A4S SR
fredell disixA AESE b glck
1108

ol IlollM= Bl F R Vs nhES 9%
%3 A7 FHE Aow & 5 Qv Ty oj9) 7

A o] 25t A

1o ottt
L,
T
2
-
&
o
>
ol
o
a2
-0,
(ot
oo
]
]
s
ol
e
un)
2

e
4
N
et
5
N
0(3){;
5
2
Yo
£
=
A
K
G

O
4o 2
o,
fz
=)
o
o
oo
ol
2
10ll
N
2
s
)

7Fsdt R E st el &8st gl
(Vieux. et al., 2000). 9] 49 5Y, SA5=23, vd
ge 292 Toz FAE 24 #1493 (International
Commission on the Protection of the River Rhine, ICPR)
oA 71E A, FHUAEE S sAgI)ARE S
gsto] Z9] oSl o] &atar ATHAAIEH, 2005).
Bt s F-RERYE 7Nt R Fh F4R
= Aol P ARNES o] &8to] Zrd Rt 7Fs g flow
nomographg 73taix}l gl 2 ATl A /gl flow
nomographi= 4945, A LAY 5] 2ot
2 8B R0 RS B33 S0 R o] & o]8s)
o] EFdRE AT 49, dold, 94 52 B8l 1

s |25 4u

-
2,
X
rir
o
>
2
o
1o
2
o
>
N,
Jot
s
il
do
glé
T
=

BEKERBEMNE



= Eq. (1) 2ol 574 Srd i AH -5 200
AV S GITFA B9, B9ALAG o2 sl T 75
W RS E F4Y R USEE 59 BT 2] E 4g0
T4 E ZOITHHAA], 2011). > 125 -
A
WLE=QF=f(PL P v § "
£ 75 - Flood Occurrence
A7, k= Feln AH, iw TR VIE BiE A T 50
- - c
AR AN BIAE P AR T S |
AL LI, Qhe 2} A 0 B Est 3 0
FAEAIZE] o8] A E SFdR VS SR 0 10 20 30 40 50 0

(isoflow), WL}= &l 71598 55914 (isostage) ©- Rainfall Duration (min)
2 F-frgaASAE o3t S5 o R o Fig. 1. Composition of Flow Nomograph
Srdr 71EE S jS A4 AMgE 53,
Aol = BAFY e EAS Aetste] QF S the Eq. OF < @ > flood forecast &)
)9} Zo] A9, AFEAN FZ9 WAE Relste
SWMM?| AZH FEE3PS 3l AHgeict WL} < WL? —> flood forecast 4)
=4 B Ay 5.2 ) P ge g ool vew dusiEdel 454 397
A7IA, At F9AH, W §9%, 4, = BFF 9 Lo} A EATS o] gate] kel ARt Fig. 19
A, S AWMAAL ne ZE=AF, D AR, Pe flow nomograph®] S-f#34S A3)8h= 4 292
7ol ot A3 A§-Fo] T4 7|5S 2yt AAl T2 Y1)
ojo} o] ZF—fERY Y Fo-FgAAE B Ae F Avkar Fete] FgenE Wi, Fig. 19
TR 758 QFe} WL Eags. (3) and (4} SHEAE S8lehe A= bdaithal st
SN A5 E(PY, PY) F AT Flow nomograph 7'#-& 918k Hxli= Fig. 201 #|A] g
nomograph ‘&2l 3|1 @ et WL S| vl 7| v}l o] 1) F-FERI(SWMME T3, 2) 1 X
o B RS AAT 4 QEE i) A 7)1 9 A, 3) 7HE AL A7, 4) <

(-- -\

Determine reference
flood level

Estimate reference
flood level at station

GIS data
Hydrologic data

Determine Total rainfall,
duration
Estimate rainfall
intensity

—

Developmant § g"a)iorgalg‘iztensity of reference
the Flow Rain duration of reference flood
Nomograph level
* Estimate the flood discharge of | at each station L Discharge of reference flocd level
flood level using SWMM
- Walk lane
- Knee level(Walk lane + 50cm) » Evaluate « Select the rainfall event
- Waist level(Walk lane = 1m) the Flow + Evaluate the Flow Nomograph
- Flood alert level (50% of Design flood ) Nomograph using observed rainfall data
- Flood risk level(70% of Design flood )
- Design flood level o

b

Fig. 2. Diagram for Developing and Evaluatin

458 F119% 20124 11H

g the Flow Nomograph

1109



B Add 255 Ay, 5) ol B X3 flow nomograph

& Ak
g Bgow FEE 5 vk 4 3 HAR flow
nomograph 7% Al B 23k S5 2 F95 22y
(SWMM)< o] 831, o]& 93l AFAt=, 9-Fd
AsA, AR 5 FEdE 2A8E FEIY F
HA 2 flow nomograph T4 913k T4l 0 B 7|5
4748 98l T Al A= wet VE SAE A
gatal, o H A 7)E S E APsih A AR

517 ¢

flow nomograph 70 Al thefet SAPS HE3 317
< (2

=4
& A &AzhE -l Tt %

o o
ot
Suiy

AT 0 B HGAGARES A

d) WA= flow nomographol] AA| == 75 E5=9]0] o
3 Zegk 7he AHAEH] 9 Fol-gEuA IS £
3 7l S9d T UlE 2785kl SWMM Y
o 7hd AU E 05 el ou AHE TS
AR} wpako 7 sk eatte] o] wE ey

A ASND NE T FFFE ol8ate] o

A2 flow nomograph= 7N&alar, A A=74-9-=}
S 53 84S HrRsoHA A, 2011).

3. HAX E0EE fIst flow nomograph?]
7H

HE daxyg d4d { A=TH

1

o= 4aAHITHFig. 3). 7 ol
o] EAIE7} AaEe] FHEATre
o

AFAL F AR cl7hars 2w

18 18 ¢ w
O o !.E
4 4

o

o

fu

2
=
dz

S AL T 7 @Sk The A
2w MAeAzke] g 9 gid vl g
He A o|7] woltk

nomograph®} -2 #=57|Rke] Saof| A

AFHolel BEARE ol &3 foio) B9} £
o

o 2
ofN O ot

b Hr oo Jo 4o o
flo
> K

o,
o,

o & 12 YO
-

H
2

o me [
Jm o,
o o roty
4
1

-
N,
iy F
o
i
2

(]
o
roh
mu
A
ﬂ
oy
2
2

A 2 gEe] Bitg ol gsie] A ol ol
Asd

AT E o5 2B E vlero 7 flow nomograph 71 2

1110

H71e 4-331 T} Flow nomograph 7@l AR&-%¥ 442
B2 A8 F 29ARE 12 99l 718 AWS (Auto-

-, 2000) B = THE] A AAI A
el

=
o YA/ $HHR Y= Fig. 39) FA05A

=
Nrs F8 Tdr -oz ARt 485 2™
&} flow nomograph®] ¢|B W&7)Fo] H&= 7|& 259

E A sk Ul AlEiE Eel met Ab =(walk lane),
A1 FE3=0](knee level), A% 3] E]=ol(waist level), 7
AlET$ (flood alert level), 915559 (flood risk level),
Z949(design flood leve) & A4z}t o714 A
FEEol= AHEE 7|52 Ham, A2 =9l

Im, BAZ9= A7) 50%11 BAETF Al

A9 A8 T0%3) BT A

)= Sroail e

LEGEND
A Rain gauge station

R\T Waterlevel station

: ~ \Gosanjagyo
Muh kgyoL
A

Fig. 3. Flood Forecasting Stations in
Cheonggye Stream

Samilay\rci/_—\(‘/

BEKERBEMNE



3.3 7tk AlLlE|2 M

2061 A Al
57455 3] me} 108 14

A5 As o d {F
Flow nomograph 71'&4< fleixe 72352 4-9=x1 02 10~60S 283kt B3 Table 39 7PdAIU=RIL
W st A AIEATe] asiet vk A A9z A= AR A FrRETE A PR 7V et
Aol W A5 s A eAEARS ek =4 o MEHEA FEAER D00 Kl o 77
o] F7F | o] o]5 tiale vhFeh A AlvE] 2.0] A7 RE 205 x3kste] ZF AEAIrhd 79l thall 2mm
o] g7t} 2 Ao M= A FHES aeste] 7} AR 2~100mm Hel el 3etItK=E s 4
& AR E ARk 7 A eAdE o e 2000). B3} o= A AR 7 Alvke] @ A== Yen and
S} FFAEAIE AT FAEARES Table 29 Chow WHe] A1 S2des o83lo] AIRHEE 9]
o] ZgAR ] ot B S We-oin] AR AR ~E om ARKEE ¥ 7PFHE ol8ato] AESAhE T
Table 1. Reference Flood Level at Each Flood Forecasting Station (unit : m)
Station Mojeongyo Szl Ogapsugyo Muhakgyo Gosanjagyo
(left) (right)
Walk lane 0.86 1.00 2.95 2.52 3.54
Knee level 1.36 1.50 3.45 3.02 4.04
Waist level 1.86 2.00 3.95 3.52 4.54
Flood alert level 1.78 2.73 4.09 5.05 5.56
Flood risk level 2.11 3.44 4.83 6.08 6.92
Design flood level 2.57 4.42 5.77 7.40 8.75

Table 2. Concentration Time at Each Flood Forecasting Station

. . Stream Length Travel time Entrance time Concentration time of
Station Location . . .
(km) (minute) (minute) flood wave (minute)
Mojeongyo 2.70 15 25
Samilgyo 348 19 Minimum 29
Ogansugyo 5.68 31 Entrance time 41
Muhakgyo 7.30 40 10min 50
Gosanjagyo 8.15 45 55

Table 3. Peak Rainfall Intensity at Each Rainfall Scenario

(unit : mm/hr)

Accumulated Rainfall duration (min)
rainfall (mm) 10 20 30 40 50 60
2 180 75 4.7 34 2.6 2.2
10 90.0 375 23.3 169 13.2 10.3
20 180.0 7.0 46.6 33.7 26.4 216
30 270.0 1125 70.0 50.6 39.6 325
40 360.0 150.0 93.3 67.5 52.8 43.3
50 450.0 1875 1166 4.3 66.0 M1
60 540.0 225.0 140.0 101.2 79.2 65.0
70 630.0 262.5 163.3 1181 924 .8
&0 720.0 300.0 186.6 135.0 105.6 6.6
90 810.0 3375 210.0 151.8 1188 975
100 900.0 375.0 233.3 168.8 132.0 108.3
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Table 4. Flood Discharge Range and Reference Flood Level at Each Flood Forecasting Station

Flood level Walk Knee Waist Flood Flood Design
Station lane level level alert level risk level | flood level
Flood level (m) 0.86 1.36 1.86 1.78 2.11 257
Mojeongyo | Flood discharge (cms) | 16.84 4151 76.14 70.00 97.00 141.67
Range of flood 16~18 | 39~44 | 72~80 67~74 92~102 135~149
discharge (cms)
Flood level (m) 1.00 1.50 2.00 273 3.44 4.42
Samilgyo | Flood discharge (cms) | 17.92 34.85 54.27 85.96 120.34 171.91
(left)
Range of flood 17~19 | 33~37 | 51~57 84~93 108~120 | 163~181
discharge (cms)
Flood level (m) 295 3.45 395 4.09 483 5.77
Ogansugyo | Flood discharge (cms) | 7095 97.74 128.72 138.34 193.68 276.68
(right)
Range of flood 67~74 | 92~103 |122~135| 131~145 | 184~203 | 263~290
discharge (cms)
Flood level (m) 252 3.02 352 5.05 6.08 7.40
Muhakgyo | Flood discharge (cms) | 5341 72.99 95.42 181.05 9253.46 362.09
Range of flood 50~56 | 69~77 | 90~100 | 171~190 | 240~266 | 343~380
discharge (cms)
Flood level (m) 354 4.04 454 556 6.92 875
Gosanjagyo | Flood discharge (cms) | 18036 | 22352 | 269.33 370.26 518.36 740,52
Range of flood 171~189 | 212~235 | 256~283 | 352~389 | 492~544 | 703~778
discharge (cms)
1112 BEAERPBRE



Table 5. Peak Flood Discharge Using Rainfall Scenario at Samilgyo

(unit: m%/s)

Total Rainfall Rainfall Duration (min)
(mm) 10 20 30 40 50 60
2 3.28 3.28 3.28 3.28 3.28 3.28
10 22.98 21.78 20.02 18.35 (W1) 16.96 (W1) 1547
20 74.39 67.52 58.28 50.85 (W2) 45.27 40.78
30 116.95 (R) 102.73 95.29 83.86 (A) 75.58 68.18
40 152.81 131.31 11435 (R) | 104.81 104.26 93.09 (A)
50 212.05 156.87 138.36 124.06 113.45 (R) 105.67
60 267.80 193.16 156.77 143.06 130.05 120.36 (R)
70 327.32 232.30 183.06 157.12 147.12 134.90
80 391.29 270.30 207.34 177.03 (D) 157.70 148.34
90 431.96 309.11 235.62 199.77 176.29 (D) 158.06
100 446.17 351.89 262.56 22154 193.47 173.08 (D)

(W1), Walk lane;

Rainfall Intensity (mm/hr)
g

Rainfall Intensity (mm/hr)

200

(K), Knee level; (W2), Waist level; (A), Flood alert level; (R), Flood risk level; (D), Design flood Level.
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Table 6. Maximum Rainfall Intensity And Level at Each Time Duration
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(unit: mm/hr)

Rainfall Event 11 July 2007
Station Mojeongyo Samilgyo Ogansugyo Muhakgyo Gosanjagyo
10 min duration 61.85 56.7 56.21 49.02 4793
20 min duration 38.20 35.60 35.38 32.87 31.24
30 min duration 25.66 24.00 23.84 23.21 22.31
40 min duration 19.74 18.36 18.23 17.68 17.21
50 min duration 16.02 15.07 14.99 14.53 14.24
60 min duration 13.43 12.74 12.68 13.02 12.97
Maximum level(m) 0.71 1.10 1.49 1.19 151
Rainfall Event 20 July 2008
Station Mojeongyo Samilgyo Ogansugyo Muhakgyo Gosanjagyo
10 min duration 50.94 46.32 46.02 49.20 51.90
20 min duration 42.87 39.12 38.70 41.97 42.96
30 min duration 38.44 36.16 35.96 38.72 39.30
40 min duration 36.93 34.55 34.28 36.69 37.88
50 min duration 32.95 30.61 30.35 34.97 35.94
60 min duration 28.67 26.86 26.65 33.06 34.37
Maximum level(m) 0.79 2.08 2.59 3.17 3.31
Rainfall Event 24 July 2008
Station Mojeongyo Samilgyo Ogansugyo Muhakgyo Gosanjagyo
10 min duration 79.80 72.84 72.18 66.00 64.44
20 min duration 59.49 56.31 56.01 51.42 52.08
30 min duration 51.66 49.54 49.34 4710 47.10
40 min duration 50.96 49.74 49.64 49.67 49.77
50 min duration 44.99 43.99 4391 43.96 43.43
60 min duration 42.35 41.25 41.16 41.16 40.53
Maximum level 0.95 2.40 3.51 3.97 4.21
Rainfall Event 21 September 2010
Station Mojeongyo Samilgyo Ogansugyo Muhakgyo Gosanjagyo
10 min duration 94.08 91.08 90.78 74.94 66.96
20 min duration 86.43 83.16 82.83 66.33 60.42
30 min duration 79.66 77.66 77.46 63.28 56.16
40 min duration 75.96 73.95 73.74 62.64 55.52
50 min duration 73.99 72.49 72.34 61.55 55.19
60 min duration 73.68 71.57 64.00 61.10 55.13
Maximum level(m) 1.34 3.17 472 5.03 5.47
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Fig. 5. Application of Flow Nomograph at Each Station (11, July 2007)
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Table 7. Applicability assesment result of flow nomograph at each station

Mojeongyo Samilgyo Ogansugyo Muhakgyo Gosanjagyo
Inundation ran walk lane~ waist level ~ walk lane~ waist level ~ walk lane~
12 Tul u .a on range waist level |risk flood level| waist level |risk flood level| waist level
July (maximum level)
2006 (1.42m) (2.73m) (3.59m) (4.15m) (4.51m)
assesment Good Good Good Good Good
Inundation T walk lane~ waist level ~ walk lane~ waist level~ | waist level ~
16 Tul an 'a on range waist level |risk flood level| waist level |risk flood level|risk flood level
July (maximum level)
2006 (1.45m) (2.78 m) (3.77m) (4.27m) (5.60m)
assesment Good Good Good Good Good
Inundation range | No inundation Walik tla;ne: No inundation | No inundation | No inundation
W July | (aximum leve) | (071 m) wast feve (1.49 m) (119 m) (151 m)
2007 (1.10m)
assesment Good Good Good Good Good
08 Inundation range | No inundation nggjiitlﬁzse: No inundation | No inundation | No inundation
August | (maximum level) (0.77m) (1.26 m) (1.89 m) (1.78 m) (1.87m)
2007 :
assesment Good Good Good Good Good
Inundation range | No inundation riwlfli]t hzwl?l;l No inundation walik tlelmez No inundation
20 July | (maximum level) | (0.79m) S¥ T00d (Ve (259 m) waist feve (331 m)
2008 (2.08 m) (3.17m)
assesment No Good Good No Good Good No Good
Inundation range walk lane~ waist level ~ walk lane~ waist level ~ walk lane~
24 Tul Hne & waist level [risk flood level| waist level |risk flood level| waist level
July (maximum level)
2008 (0.95m) (240 m) (351 m) (3.97m) (421 m)
assesment Good Good Good Good Good
12 Inundation range | No inundation walik tle{ne: No inundation wal? tl:?ne*i No inundation
August20 | (maximum leveD) | (0.83m) watst leve (2.86 m) waist feve (2.95m)
08 (1.22m) (294 m)
assesment No Good Good No Good Good No Good
Inundation range walk lane~ waist level ~ walk lane~ waist level~ | waist level~
07 (maximum levgl) waist level |risk flood level| waist level |risk flood level|risk flood level
Se‘;tgggber " (117 m) (279 m) (3.82 m) (439 m) (4.84 m)
assesment Good Good Good Good Good
Inundation range walk lane~ waist level ~ walk lane~ waist level ~ walk lane~
14 Tul . & waist level [risk flood level| waist level |risk flood level| waist level
July (maximum level)
2009 (0.99 m) (250 m) (3.17m) (3.65m) (3.83m)
assesment Good Good Good Good Good
Inundation range walk lane~ waist level~ | waist level~ | waist level~ | waist level~
21 ﬁnaxhnunllevi) waist level |risk flood level|risk flood level|risk flood level|risk flood level
Sepztgigber (1.34m) (317 m) (4.72 m) (5.03 m) (5.47 m)
assesment Good Good Good Good Good
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