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A study on the estimation of the downstream arrival time
with the upstream flow by utilizing u-IT equipments
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Abstract  The purpose of this study is complementing existing flood-reaching timetable by theoretically
determined numerical model and suggesting techniques for calculating the exact arrival time of flood. For this,
according to the discharge of Namhan River, arrival time measurements, using u-IT technology applied sensor
buoys, were performed. Based on the results of measurements, this study proposed complementary relation of
average reach time by the discharged water considering tributary inflow, which was not considered established
expression. With this study, u-IT based actual technology that is complementing the existing flood
forcasting-warning data was developed. Applying this technology to the average reach time calculation by the
discharged water, it is expected to reduce flood-oriented damage.

Key Words : u-IT Technology, USN sensor, Buoy, Flood-warning

.M 2 Aol oA sPEEe] FEat A4S e el Aol

—

22 ) 3uslel e AFEeoh sl elgat A wol sl 7= k1),
Qolqo] EXolEE Frst SO clste] spHolAe] A W $F HAolAME IR AAH 1A
Fomsle Adg Al U Sekm olck ojela W Tl SAel A MAYIE ek S
Foalsle Fol7] aial AWei Asrele] 4%, 2 & SO vlazy g £UL S8 Yue s

T RTEE AN, TraARAsY AL e g A
ol shats 2 9 AUIsIoE ol 00 lojsk B 2ol A % Y0l ALA0). wer, 3
QT olHG Aol J1E W WR L oo & X

ol

e}

K
b9

WAIAA} : o]&FL(changgoo@jbnu.ac.kr)
A4 119 059 31 S (12 119 079 209, 23 1149 08 04) AL 11d 08 11

=

3594



wIT 01 BT 47 A5130) ME ARAY mBAL 50l BE @7

o @ FoolAnol s)zAzoln, o2 9lat Heret
FHARE Aol Wastel3). 4t shariel 49 2
F4EAL FhelAR 9 FREAUTAY YAy
Hefol A 24, AT AR 8T ok, ART
S 9 wglEolt Sejshy malel 2Eu e
A8 A7 ARZ ARFYL vTe L A AT
AEE 0§ dFo] olFolxx Fahi gl

)
]
i1
Iy

2 A7 AR A BERY AUl fEF-Eds
AR BA BAE f1ske] FHIFES 716 285t
ASELE H5olaL, A5E dRE as4os 28
s17] 91gt A7 SGHHS AAlsich =4 AT
gome A4 M7 9 AR 24, 28 o
A AR, wIT 7]& 2L, 92 000] mek|7t =

18 12
b
(o
o)
=2
o
do
18
i
o2
3
o

b Sejupete] A9 tiEE =Y AR HFARE Y
o2 AMgolal gFshgolR] ofAE “EEA|ZKtime of
QATHA]. o]} Zro] HAH

o
it
H1
i
>,
S
-
™
ol
>,
o Y
q £
A o}ﬂ
2
=8
o
hu
4
)
K

g2 gloto] 7hgd WFATLS AMgaA) e Aow
sha, ARgel AFAL A
concentration) . 2 £235}11 ¢
(travel time) 22 FU3= H S
HollA BT SHES AR St

goms Hgiel EA

i}
Mo
i
N}
=
=]
o
[}
=}

TEER

7k A

L

oy - rlo

A A7kl ==HA|ZKtime of concentration)S G- 2| %4
oA BEAIH7IA] EWHFE 520 £3}A7Hoverland
flow travel time)?] o2 14 B2 (1)} Zo] &
ATk

Tc = Tov + Tch (1)

s, AL o R ALY FHNA A
FEPEIHY FAIIA ] AR EE GRS 40
A A §ESERAY BEREAA A7hoz gold
B, ARG EeARIT] BAS ol g3te] Agat
e F2 Ak ok BRARL AN St 2
© A Ege] Age fuRYe FEG A7)
A S Fagk ARAeln] sEE el g 7 ol

AZEAN EaE7E REEA] HasHA| EHos).

212 71E ELAIZ A Y 2E

2o 49 AdR o] mEARE APdelle v

1} o] oA R Kirpich J4], Rziha 4],
[e]

N
Kraven Z-4]( 1), Kraven 24(1) 5] AW 8452

=
&)o]
o] ARRE|TL §lom UubAQ] o= Kraven 34
()& $AA ez ANSLE, sPdBAEAE wdte] &
%o 3.5m/sE AA AFBStAL v ehilsto] fo] of
2.0m/sE 27 5136k Af-oll= Kraven FA|(I)E At
ol AR JLEsto] H8sks Weto] Rt Ao R

ek,

o

Ir

- Kraven 32J(1)
L
T = 0.0074—Som5 )

- Kraven 34](1)

L
L= 36V ®

(S<1/200:V=2.1m/s,1/200<S<1/100:V=3.0m/s,
$>1/100:V=3.5m/s)

o

N

1M T, =gA7Hh), Le G2d%km), S=

BRAATAL), Ve Bdfmisolt

12 BRI AT dabeelel Hgatel w

RE AP Ake] Zol7k wlg AA e A4
He 7] b 7HA] AAER] gkar Qo o] wat

o,
o,

N

T i

(

o g
g

3595



19191 2.0~3.5m/s Fof| ZFE=
A olf 5 dEste]l A ANE ehis AYT
A& AEsh= o] b4 grelHel werolch. olat ol
42 Akstel mRARE B4 AHo] 444 dEsth
£ Aol 7H AAAol 3 WA Welolug J|E &
SAZE BAle] B4e Aol sletshs Ao| Wastc)

3} &= 3=%](channel routing)S @ 3t=F7FO 2 S50
1A~

& FUFERNS SAETLAN R fEFERA
o sk Wolck shtel ARG §2%

o] IAl= A=Al 2ol Tl WA J-EHA Fa
F(loop type) FAZ LERLFER =tsiey B3 Y
79 Bz T Aol ARES 9 s
A Hoh 2] "ok skl Faet A ofefjell 3l
%raka @ A7 (prism storage)o]2f S}l 2fof] 9L
AlFEe #7147 (wedge storage)o]2} FHTH6]

Jo ri?i rir

>

rlr rr

2.2.1 Muskingum 4t

Muskingum & McCarthy7} 0]5 S5 et Atah
9] Muskingum Conservancy District®] <=4 A8 9]
RIS S AT R WOl ShIS) 210
g AR Bl SrgAFe G nels] st

A TS FARGE AIAR ot m AR
W, PARFE REFIR skt 471457
et 2ol Aol it Aol 34
HBATRE I ATRF TOR H@)sh 2ol
tHe].

gl
O

&

HloAu of U

(o rlo Ar

i rlo

S=KO+K,(I-0) “)
= KlzI+(1—2) O]

oP7IA K= W AR f=Fel Wt v v
Eh= A FA<4(storage constant)2A] -2 A]7Hhr),
v FA70] BAGol Tofohs fUT FE
o] 4diA S84E& sk FAY 7Aool

ols} 22 TAE AT hesio] 2470
Fekol RUSERUOZRY shTie] fREIA
Z21A 02 A= Z1o] Muskingum HPHO|TH6]

PF

o o?,:

2.2.2 Muskingum—Cunge it

Muskingum-Cunge & 457 w7 A4S

oto] S5 utoll A Muskingum & FEIA Q]
4] (attenuation) & & 4= = ARG (quasi
diffusion model)©.2 738t Zlo|t}. Muskingum-Cunge
ol A ERkaelo] 9l AGHA AL x-t HHOA o]

AFSFEIER A(5)9} o] FEAETH6].

<!
1
‘1___‘

Q7!1++11 CQ!1+1+OQ7Z+CQ +03QL

o — —(Kz—0.5At) Kz +05At
0T K—Kr+05At 7' K— Kz +05At
o = K— Kx—05At B 0.5A¢
2 K—Kx+05At ' 3 K—Kx+05A¢t
@, =qAx
)
og7|A, A Gy, C), Cy= Muskingum L7} 5

T o 4 9lon, g, & T9IelY B S Uolch

gl glo} WRE AR A7 27
S

A2 AHgste] Adgeleln &

FHglol F8 ASAHA %
YEYI ¥ Ad-hoc YEL
A2](100~150m) ) 2]ei|A] XH,EOJ*—J 2 4 o agely
71& o] H8 7.8

H ilof|A] ALS u-IT A& AlA] 2 7| 34 3
72 EREw, USN RF 9 GPS ®HkE=, USN
Gateway @ CDMA 7]%, 312b4 Ap5a} 7145 25
HeHIL

3.2 u-IT M8 MA 7|2 74
3.2.1 QHIFEA MM HEYT 7|2

3596



u-IT #]

i
i

&3t

PAR=!

5 geteel e ShAY ERAZE oSl ek AT

2 AFE AFstHA =T ASol agt USN
LEE /st on, USN =EX ZigBee 28] JLXE
A=) It} ZigBee:= IEEE 802.15.4 7|Hto &2 A
= A4 277 A BB
A EF Adoltt. ZigBeew AHaw7E A1 3 714
o] Mgk FAl0] sbgAlo] ot A 7p Tk
Hq4e 3 = 7]&o|tH10]. ZigBee= IEEE 802.15.4
#29] E2] PHY S} w3 Al0] MAC A5 floll L 4
AASe2 MEAD AS, S8AY AT 3k 2 &
&5 FAssHh

o]7]4], PHY: Physical, MAC: Medium Access
Control, APS*= Application Service, APL-2 Application
LayerS o|m|glct.

ZigBee 5419] 7P a3 B Wi shuz &
e A 4 QL3 Al2E 27) 7Hslo] su|E njol
o= Fyo] sHsdtch. BE FAIS A AxHlgol
Bo| Sl wjmoli} qlzebrt Wa glo] MAIL wel}
4k, o] uIT839 Akl o gol

oAl 7R AYECHI

ZigBee UYE{| T Stard, Cluster Treed, 1&|al
Mesh® 08 LE3}F 2= oJth Stargo]A] =5 PAN
HuloleofAl BE HBE st FAlo| o]Folx|H,
U= o] ST ke ARt sh &
Afghchs Tl itk Mesh®e =2k ofe] 7o) A=
7 A shtel Aok Al e ARE Al
Ak o] M} BH wef @ o) Agal
o AYE A FF3foF gttt Cluster Treed-2 Parent
Node, Child Node® 2 A]E]o] Child Nodex= AH¢]
Parent Nodeo||A] #|7]-& &35} Parent Node= A}412]
Child node Hjo]EL A3 2]
W 3% Child nodeol A Ags}a1
7 2of w2} Coordinatoro]] A =
Qi =S T4 BRke AelEe] A wY
Sk Qlch

ZigBee= &&o] w2} FFD, RFD F7HA2 s o

=4 FFDX ZigBee Coordinator, ZigBee Router,
ZigBee End Device oW tT]u}o]AE = 4~ Q31 Star,

Peer to Peer, Cluster Tree YEQ IS 25F X st 12].
ZigBee Coordinator= Y EQF & 177} A5t Y E
Y3 E FASH= 7|Z7) = AL FFDo|H ZigBee Router®
= B2Z81al, Network addressE SH3dle a2 it
ZigBee Router+= ZigBee U E$|Z 9] LA QA Z FFDOo]
o Multihop 2h98 WAAE Hgehs ojghe s}
[8.9]. & AFtollM= EIAIKE ASA] s} o] &

ZigBee YIERA & Mesh@& 2-8-513ich

3.2.2 E47| EEA|ZF AEE USN E

T4V THARE ASE USN b= HHE 3
A LR 2] 5] S wEt frhet A4l
4] MOTE®} S =] o8& AdstA FHrk F2lo
Eo77] §ellAle 22 2718 7HA ok Bl AdEges
Zzp3)lof she}{13]. o]t 2 AL WESH= USN MOTE

£ opea e 548 zir
Z7] ZYAE ASE USN kB TIAMY
MSP430F1611 MicroController Unit¥} ChipConA}2]

CC24202 A}-83F Sensor Network moduleo|T}.
CC2420-2 1EEER02.15.4/ZigBeeE A|¥dl= RF chip
O F 2400~2483.5MHz & A3}, Direct Sequence
Spread Spectrum(DSSS)®4] o &2 FZF5l, 0-QPSK W
Z ®A)3} 250Kbps Data RateS X|gtc}. Z}zF 128Bytes
9] transmit/receive data FIFO Wi{ZE 7}X|11 QJt} PCL}
9] Interface’= A-& Interface HEZE AFE-51H USBE AF
&3t} AZo] 71kt application®] the-=2 =7} 4t
E3F ZGAZE AISE USN AlAe] EAORL= Jeia
port, Chip Antenna] AR, 2He: Apo]2 58 5 4= 9lrk
ST ASE USN ALAE AA size HEE] 2742 A}
G510 SB SlEjmlo]A0te] AAR mEY AL fat
gtk SAAAE DC 21V-3.6VHIA B4 Bk
o USB ¢lgj#o|A2 x2 0y & wjofl= WIEA] X
4 27ve] A9 bt Bashel USB Qg so] 2z o
A Elo] 3l A= Hig e "ol 2883 £4o] gt
ol USBE &35t Ads 3a%E 4= 7] wiolth
LA ASE USN =B AlAE] QlEF o], MCU
©] MODE, RF2JRX/TX, RF2] on/offo] u}z} ZHFAH|7F

tjac),

w
N

3
71
= AAERZE Faste, 2 dAtoi= Ber] &=
A7 AZe] Bast B 20em EHERRR}F AA7E ¢
2|22 0] 7H53HE S USN moteo] GPS H&o] ©AE
Stk SRR, Y, 29 ALolE L=
(2o AFEm A Bt (419w
) A= e Y] e Tt AR AR
T 449 Aol Fasiri14]. F2A|OA GPS =&
E FAS ko AE ARAFEE A5
O 12 Be7] AR ASS 9 AlRE GPS
Hzjolm LA QA= GPS/USN Mote, Base Node,

F7| EZAMZH HAZE GPS E

fr oF

fapo] Az wlma f4lo] ol 51 3

o
> Y o

1=
2 9

=

3597



F=Akel7] e el=7 Al A2 Al8E, 2011

U A AENPDA, NetBook)o]t}.

[38 11 USN/GPS AlAHA}
[Fig. 1] USN/GPS Sensor Buoys

3.2.4 Q14| MOTE

214 MOTE 41 AlA QlEj#o]A HEE= theju o
Z} 59 Gt o] AR|Eo] Uyt mEAtE ASE
USN 7} B2 ABEAT) B B govel
A Eel LA RFS-441 9] 74 skl o
ZHAIZE A58 USN :E90] YEIE AAT P
3fof Hlo|El ASSH MOTEO|h 22 §57]0] g
stgom, AAQIA MOTES TIAFS] MSP430F1611
Micro Controller Unit®} ChipConA}2] CC2420-2 ARE-SF
Sensor Network XEo|tl CC24202 IEEE 802.15.4/
ZigBee2 2| ¢3H= RF chip®.2 2400~2483.5 MHz T
o A,

AA 2= HamamatsuAl2]  S1087(Photod
visible range), S1087-1(Photodiode for visible to IR
range)¥} Sensirion®] SHT 11 (Humidity & Temperature)
2 Agssict

Q14 MOTES the] Wizbo] 4fs17] sl Aol
29} A} BRI, Aol at SHA| EL L
W7} WS ek Q14 MOTES] £4-8 figtel
A she ejerg stk

E5k 24 MOTE At oF 1me] Zolof 214
MOTEE Alo|A¢}t 3 §1& Hel A=zhstar o Hel
= ol gk A S ol PR Hojol. olejg 7
22 7P B olf tiRRel theli B4 22
P= FREA RFS| $A1 4l0] e F7] vl
o[}, 914 MOTEZ} thelglel Seid Slrka el
Qlafl Aol oA W A3t 240] £7Fs5H] e
of theolA ImAPe AlAQl4 MOTEE HojEgil 4~
Hol| & o 7lrto] 2YLgA RFY $A4lT} 2418 &
o {EsHAl & 4 itk ELE ohe o] FRol whe Wit
o] Fee} #7171 44 th27] wiZel o] A& BHE
& WIS B8l 2ols 2dsH weof the] FRol
Aol 41 AXet AAS 7hsdtA g il AlA

iode for

sh o]o] glek. 914] MOTES A4k H-2.2 PVC
Aae] mele WAE gAOE Hol ol A
MOTES 2lo] @i wWlam H9g Wl taFs A
WLOE 418 o] Zhssl Hek PVCHlY F7F $7
of WhAkElol 7t we glofA Agpol wel tht the]
M= Feae 71 7o e mmsi

-

[33 2] AlA<14] MOTE AX|th
[Fig. 2] MOTE mount for sensor recognition

3.2.5 TEA|ZE AISA|AH

ZEAZE AZE USN AlA 7L A gxto] #Fzto]
ofA muz] 2w AlAIA MOTEZ} AXE 3ofA
USNYo] A% 3l USN HEQFE E3|A Gatewaylt
PDAR TPAIZF AEE USN AAAE7F HeEch
PDAE 3|4 vt2 29l gt 4= 9o v Gatewayol| 312
= CDMARES 7 Interneto] H1ZF Aol dlo]g
7b AR ol HUEY PColA] HlojelE el & 4=
Utk 53] ofgto|u}t 7F WAL v7}F Wol 2= ok
FoA= dlole FA glo] &4 7hssitt At A
7131 QA] grote 7o IEEAHFSE &Y = ok 1
of digt tAEE 17 39} Pt

USN GATEWAY

USN 14
MOTE Ve

——

=uElY PC

Applications

I
>

[O3 3] =GA ASE murd AlAE 14
[Fig. 3] Mobile system configuration for measuring arrival
time

3598



wIT S 2

ST ekl mE SHRAE =2AIRE dSel wdt A

PDAE o0]23l wn}d A|A€le PDA, BASE MOTE,
Wl o R FAHE PDACE BHFY A& TR0
Az Elojglt. AYE|E ARt PDASL BASE MOTE
= o4 T PDAQ T2 S A35H PDAQ} BASE
MOTE7} A= 1 o|uf e Hlo[els E47Fs3lct W
Sl 2 A7) oFdFel 9 u PDAS} BASE MOTE
£ 2357 s ARgEh

PDAC|A] AdEl= mutd Al T2 W2 wokA|7E
AZ&E USN AlA7E =9 wfe] AHE Hojn
ojnf E3MAZI Agle HAEH 4452 HIE Flg
4= 9l ZRaHo|ty, TR IS AYPA7|H S50 =
A AlEE USN AAE |8HA EJH o] 3ol 744
Ptk £77F el "ok PDAC] 'DATA' §12 544
HE 233 TEA7E A& USN AlAo] Azl A7t
& Hojzn], NETWORK' #& £ =izt 424
USN AIMZHE SoloE A ES} HYPRE I
4= Stk AP Rel AR o] o] 7Hsgid] of 7]
TP AEE USN AN E B3t A7k 2252
2HE BEAo] dupt HolA le=AE AT T
SAVESIH A7 7 AR} ol Fget 44
olElE Al gAZHo] 514 Het

N
i}
0
el
N
rx
0X

re
-
=2
>
rr
i:‘
I
©
>
+
i)
%
re
o
=
i)
_c|>£
2
Jo
18

oo
ot NEE
o
Bl
N
o
1o
il
it
>
5
o

do rl :(1;1) e .
2
!
i)
ol
o
off
:OIL
B
4
b=\
e
du
1o
>
T
s
lo

%
o X
5%
i,
do 2
B
0{2 m)%
ol =~
oS
°$-' i
do 2
19

R A - T 9

i
~N
5
ot
0
i1
iy
>
)
a
i

f

2

e
Y
rlo
™ o
1>
N
i
N
it
=
i)
9‘_15
£
et
ko
S
2
2
)
_TL
olr
e

ot

[23 4] ddAd mAe
[Fig. 4] Schematic of the target area

4.2 EYAZH AS $E

421 ZEAZE AE 2pE

2 dAFtelde Bl 7] BEARE A Sl
AAX71es Agsten, BREERFEFA, 147
200~250m), GPS XA 54}, USN Gateway W CDMA 7]
2, HHFYA]AE(PDA, Netbook) 59| 7|&g 24519
ok R E AL BT, 57] ASE LEst] =
4= 20cm, 70cm, 1m 5 3} 9] o] ot Aol 75
stes sheich

[22 5] E2AIZE A% Hul-PDA, R, AR
[Fig. 5] Arrival time measuring equipments

SRAZE AS AL BE), 47 AZ A 8
U, AZALHo] §71408 A5t
sho] Zn|apgat AZabg, AT oR FAEe] 9

o
N
18
)
u)
o
S
H1
gt
>
)
Iy
o
o
o

3599



AZrE AT ASS & 43](B7] 28], 7] 2 Aidt7ke] =2 AR sk AHg A7, gl
3) sttt B4l A~ #2 H, BepHoR fAE o, @S as 24 A
(45.9km), Z4=7]= SFH~o| Z 1(79.6km) o] o 0, FHOR 52 HSA9] 497 AF A4 9
sto] A&E 8k AR ASE= & 132 & AE dakE wrdsisich
o AR A AR Syl o mEr ke ASS o sterl e Al e
} N - H 3 b A 7HE
G qlglon] sHpAL 5, A4, shipas, g LR 2Ok BRERNAaET)
= ok o ol g o rloks [Table 2] Average arrival time(Flood duration)
T TFs 9ol o8l AlE Azt of-e- ohFstA dEt
@ 2l & 4= QUSith R A
[P % = oA ZE | v|az
R e R P ol e il B
[E 1] falgd Fam=galzt A% 2709) — ——
N i 06.7.28 | 716 | 2,707 | 2,561 | 1,642 | 1,846 | 193 | 8A|Z1375 | 79.6km
[Table 1] Average arrival time with the upstream flow(’09) |
“07.8. 7| 680 | 918 | 143 | 217 | 148 | 16 |14A]7H8E
2m | o (}kin% E%Slﬁ j‘?rﬁsﬁ:)é ((?'f\%) PARS) 09.7.14 [2,000| 2,128 | 110 | 317 | 19 | 121 |10A]7H3E
7.8 | 450 |oA00n| o | 15 | =844 09.720 7303 903 | 78 | 183 | 4 | 23 |15A)7k59%
227
ST 1026 | 459 [3671355| 038 | 63 | =AAW
221 7.14 | 79.6 [10A]7H3E | 223 | 2,128 | 2AAHY ged Asdnt
7 .
720 | 796 |15AIZES9R| 144 | 903 | 2AA|Y o
14:24 "
12:00
g 9:36 | :
o o = o= > ] N .
5- II'I'ET"ITI°=IEOFE __’|_E:|°I_|' 'I'I'°|.EoF EE‘I 7:12 . .
—HA A7 2 BEAM aag | : ~1xi(06.7.26)
N H —=—2%}(07.8.7)
2:24 N . ——3%H'09.7.14)
S AN olas o =lerel o N H ‘ 47H09.7.20)
7‘—"'-—!‘E = Olool—Oq ‘l'l‘ol'o 'oﬂ‘EeA]Z_} Lﬁ]é‘ 0:00 ‘ . ‘
_ _ SYD  =ENY  SAD HEYUD olztim ofFHm  olEdm
B8] A o HE B2 ASARE V2R 22
slof Aol f=gfr]ojof gt} 12, 2 AtolAe &
e} i =
AR BEE AE olgele] T BAG fagery Lo O] T FE-BaA AS A
_ i _ [Fig 6] Sectional Flow-The average arrival time results
on, o]F F3l T HdE Fal FUHHQL ASe] =3
2 A HE8T = Qe FHE g HIFS AAskaL .
ﬂ;m;°a ° cer 5.1.2 XIHE QkaE SAIZ 2 B
%},
3 3 o FlerE wolAl7l T BAL o] A& s
o), Fr) Beletel Al BAS ANsick & oo e AR R wAE SRl S 2 7]
Aol Uslzro] Ao 20 135 smlelod Z22 sto] 23dE {5 4S5 SAE Fesiiok
7] Gk A 09dE AES2 33 =3kt
) _ AE 70 oslek} B3 os BAS IAR Jalr}t
‘08W71A] K-waterA-+Holl A 7] =33t &=7] A&S2E S Tes aren et volE nee
T2 BAAT| vrelste] gelshart 1ol tiEh fokgat B EgAt BA LS =26}
= 1= = T o o AT - -
o F844E AESESE 1Glch
51 E7|(dstd) |RolEE TEHAIZE 24 0 TYEans @ee
_ V =0.0004Q + 0.9194
V =0.0011Q + 0.4044
jadﬂl_ 3.0 R? = 0.9976
5.1.1 K5t ZEHAZHEST]) e
el fetd BEAIE WA BAS $15ke] 43 «E “
5 ARE o]gato] 3 29} o] TSAH ] WRE g
AFYF wrgste] sty AA 7 FFH "
A o] u7tA] 79.6kmo] A TE HE}; B2 EEAIZE o —4¥ sz
— Mg (olZom
—O/] d&)fg:% }‘;S]Zl%qg’] HO}%_EO]:OH _04’5‘H X]T;H:_].— %Z—E}k—% ]i];]— oo 0 1000 2000 3000 4000 5000 6000 7000
= 7 (CMS)
oBuE {5l A WA= SN 2FAH
F7H172km)yS AOJF 62.4km F7HS o R BAe (B 7] FF-EERE WA 24

Sapstedch

3600

[Fig 71 analysis of the Flow-Average velocity relationship




wIT FRlE 283

AR poleel mE A ERAZ oSl Bk AT

[Z 3] fotd BF=2ARE BAXNES7)
[Table 3] Equation of average arrival time with the flow
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OIEIE | V= 00004Q2 + 09194 096 091
O | V = 0.0004Q3 + 0.7669 090 081
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[Table 4] The results of applying the existing flood model
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[Table 5] Reference of arrival time(Flood warning timetable)

o S B
] _(I":] oloF | A | ot & olF | Tt &
=4 fee) =20 KH o T =0 EH o

1,000 hr| 200 | 817 | 12.84 | 2059 | 833 | 17.58 | 2533
2,000 hr| 173 | 723 | 1121 | 1838 | 750 | 1575 | 2292
3,000 hr| 156 | 664 | 1027 | 1694 | 700 | 1440 | 21.07
5,000 hr| 141 | 596 | 919 | 1511 | 600 | 1235 | 1835
7,500 hr| 129 | 551 | 846 | 1379 | 525 | 1073 | 16.06
10,000 hr| 121 | 514 | 791 | 12.83 | 475 9.62 14.44
15,000 hr| 1.11 | 470 | 7.15 | 11.32 | 4.17 834 12.51
20,000 hr| 106 | 456 | 6.89 | 1056 | 358 | 7.33 11.00
=7}A2] | km| 21.60 | 66.30 | 90.80 | 127.10 | 61.70 | 118.00 | 154.30
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