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ABSTRACT: River restoration has recently progressed in consideration of ecological functions along with flood controls and
conservation. For river restorations that consider ecological health and diversity, it is important to contemplate the recovery
of hydraulic and hydrologic connectivity in isolated spaces by longitudinal structures. In this study, as a first step for the
provision of hydraulic and hydrologic data, which is necessary for the ecological connection analysis in isolated spaces, we
developed a one-dimensional numerical model for rainfall runoff and channel routing and applied it to the Cheongmi
watershed. The developed numerical model can simulate hydraulic and hydrologic analysis at the same time using the rainfall
data. Numerical results were compared with observed data and other numerical results. As a result, a very reasonable
agreement is observed. The results of this study will be improved so that the long-term hydrologic and hydraulic analysis is
possible to predict ecological change.

KEYWORDS: Channel routing, Longitudinal structure, Numerical model, River restoration, Runoff

0]

2
ﬂ
N
Qﬂ
R
>
14
ro
[e]l]
5
i

CIfH0] BiiE SIMez| E@E Rlohil= o U M 22 SXTERE= Qs AITE J70IMe] s2la2 HEY
3|=0| B35 2 o= RIEE S| MElM AZ 20 LRt felaEZXE0] MEsS @IS HHm SHA=M
40l 2ot FARE ! SI=SE oiA0] SA0l 7FseH 1A aXIZ™S JHESIRIn, 0IF H0INM R0 MESIAUCE aXloiAd
= A5 XE o BN 29| SX[olA Autet Hlwet¥n, T Aut & AX[EE Y o UUCEL 2 G719 Aub= HENA
HIE 0I5 4 U= AR MESS ol 27 1H2! 42|22 40| 7isot=s Bt ofFolct
HAOf: SIEEE siA| ZHTAS 4ATE, K=Y S%URE

1. M2 A3 Ik 319 #7149 WRko® et AsiE

o gshanal SHAIL ARlster EAS} o] Folli 31

e ol @ A% 7)5a BAH A% (RS o BHE B ASS dlyshe AsuAe) AE

*Corresponding author: jinwoolee80@gmail.com, ORCID 0000-0003-3645-9211

(© Korean Society of Ecology and Infrastructure Engineering. All rights reserved.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/),
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



2 JW. Lee et al. / Ecology and Resilient Infrastructure (2016) 3(1): 001-007

EoF g7} o] Fol T Fo] A&7t HHZﬂE
et spdel 7ol MRS fdt A =
= AWAIE He} EdsHA Hasto] F7 A, Tﬂxl
2 AT 5o o= Q3 sk 1 EXJolg-
O] AEBkE op7|skek 1y ojek FAlol s W
v} 7o _Z_xJ_‘TLZDE ol5ko] shHIt A=A 2
£hdo] wMEslolaL, 1 Ak Aol A|elXIZt Al
4o Agtelo] HEANA 34
B u}oo 4 2k o) #AZE WA (Kim and
Kim 2015). o]} gho] X571 s #ele ol
1} 2230l 9|k, BHAA
NERER %H S chgTh £l o Ael

O

= Hges OP‘*JJFEH “*?*0] ‘:ﬂﬁ’rOPﬂ o, o
2ot JFFo® thRl sk FHE ol 8wt AHAE st
Aoz o] 59l A7} o] RoA|aL Qi) of#jl A=
< Stu=, ohd Wf FAF2mol ofsf XptE A
Aot AjJx] 0] AAE HYshes dA7F s 1Y
=)oz Stk sk i QA2 b Holu {9
ol Qo] - 8%t QAR olofi] W ATt
o]F0]Z|1L 9t} Ickes et al. (2005)-2 u]=r H|A|A]
u} 7} vlae] 7 fele] BaelRE Wsle el
of AN 7} fole] WA AZA R A wk
of apakS SIet A8 kS XIS, Miller
et al. (2007)2 TA|A|T) 7} A9 shA|AH 29
3} gAY AR A 2
HoA A4t BARS A
ol 7 AEAESIE A g o] el
3}%it) E3L, Montgomery and Bolton (2003)
22584 (hydrogeomorphic) HEA A4S
29lof that A2 AlASHTh 487
& SN AR A, Wsh B oo
¢ F3 8 s, AdAle] S4olut
W Yo7l TS s wiof 4
Mg Fol A71A e A
‘5H’—‘43}2'15}- 0|9} o] =2Jof A
2] AAEol o8l sk W
Tt @] $EEa Q=
ojof| thgt A-+7F At 4

-+

j>

402 oo
RS
ox ¥

r_B.__

LrZ 2 orlr 2 o oot 3o 1% oft rlo R
=i %L
for U
H 1o
= 2=
=2
> B
r wo o2
o )
_1>4 ok S

B oltol Al sH ) EATEE) o8] Au
AR} Aol 7ke] A QA S8e] tiE A
0 A1ZRARA, S Y $EIRal gl
£ 7k o} Al ete] A ok
a8 BARGS SR oMY s
ki %EE e o, 5 2
‘0‘ AHEHZ—l 01]7:1/\—1

SH U Zeake BeIMe] elmetd BA
2 37 AxEH 7= (overland flow), SHESE 3fj4]
(channel routing), 4] U FAFo]<4 (erosion and
sediment transport) © 2 U 4= it} zkzhe] &4
Hgel oigt A e 2

AR 752 7ol Qs DAY= A2 V=
719 e B0 A 2 dlldE A
&0| AFe5 2L 7o 2l =o] A|we| &
HAEE S5 = AR 2ol ARkEE A
o= 7St A Rd fEe dUAd ARY
I PEEE 12Y 3202 By ohey) 3o 2o
2 yepd o gk

oJ7|1A, 0% S9IEG Gk (L), his T wAg
A7 (L), 283 aft me AL BERE 9 &
ExtEo} TR AR A Aot
Eq. 12 th&o] A&wAat g7 AHes 5

otk

(Eq. 2)



JW. Lee et al. / Ecol. Resil. Infrastruct. (2016) 3(1): 001-007 3

ah ! oh

t
EN FeRAC)

(Eq. 3)

Eq. 32 53 ¥4 (kinematic wave equation)
© & Saint-Venant A 2410] t=3lE FHefjo)n], &%
TN o8 kA AEN §Ea

of 2] §lo] AR 4= 9t} (Morris and Woolhiser

flow divide = /(0,¢)=0

another = h(0,7) =

1
Ryl
Q=
S~
T3
=

[ —
5

(Eq. 4)

017 1A, OPEHﬂZ} u= AR 94 (upstream element)

= ewm

S-=u} v AL 4 23 {3k }EH (four-point
implicit finite difference method)& ]3] 34
3 4 9lrk Bq. 38 ARalw ok} Zo] Lehy
ek

>

h;j—ll_h;ﬂ

2A + i+ i+ i+1)”
+Et{‘9 [ ;+11(h7+11) —4; l(hj 1) ]
#(1-0,) @ ()" |}

017, +,) =0

i+l i
-

Eq. 594 0, the AZEA A x
.(,1]6} 7}EAI% (0.6-0.8)0|Th 7|
=23}l (numerical solution)-2
method or Newton-Raphson method)#
ek
Eq. 39| 02} m-2 Manning
& olgsto] £ 4 9tk

flo #
r]I I‘R

34 = Chezy 54

172
5
Manning’s low a=149— and m =§
n
3
Chezy’s low a=CS"? and m= 5
(Eq. 6)

o714, S= ZAL nd Manning REA4=0]1L C=
Chezy #4=°]t} (Woolhiser 1975).

(Eq. 7)

& (L), 17
1 g %% Zojet 2k g9l (L/T)o]ck.
sloA o] o HAR By o] pgo| ol

G saudAne] HAxes wdo] 7Hsat

t}. WA, Eq. 72 theat o] yepd 4 9ok

(L2), 1_. O

94 90 04
1
PRyl A G
ShEsg AL 9t 25T RS AT
=3 7R 2 43 S3HE
S, ol AR e theat ek

AL~ A+ AT A
2At dQ i+ i+ dQ i i
2= {6“ - [A/+]1 A 1] (-6 )dA[ A J}

~0.581(q. 1 +4. 44 +4.) =0 (Eq. 9)

o71A, 1= AR (T), x= 72 (L), Ove 7 AI5]

ul, w29 WA (4 Mg o gste] B

2.3 24 2 SA01S
£ mgolAlt: 25t ol2o] 7)Z3t0] T2 ] §



4 JW. Lee et al. / Ecology and Resilient Infrastructure (2016) 3(1): 001-007

A ()5} 221 2l
(in)°ﬂ AOH ‘ﬂ“”o}t AT ()2 Fro=Z vEhd
4= Qlt}t (Meyer and Wischmeier 1969).

e=e te, (Eq. 11)

e, —cfk(h)}/q (Eq. 12)
o71A, s 749 FAAG0lH, y& o=k (L), ¢
L 29 991k (LM)olH, k()= 42410 271 ut
2 749 7HAa

A8 UEhiE el
WAL Eelol A o] 58T} 4

AolefAfe] %ﬂ}%ﬂ%% Urehuie, cheat o] ot
ehd 4 glch

(Eq. 13)

017 A, ez O]F Al (T, Cu AR A4
of| oIt W o451 (equilibrium transport capacity),
Co= @A) TrAH FEolil, 4= AEHF (LY)o]th
o] AS ce= Cp > C,Y o] FAlo] Whls}al,

Co < G uf E2fo] WAgik B3P SARSEE f

A ABAOR Ak, o|25E A BY %
A 2 SUAS 3 P (4T
e x4 ngg el g 01 e

el o o el gl A

.-
82 o =
M0 o

).11
o?ri
E
i

2
-0,
be
4
ftlo
o
E
o
o,
2,
g H
.,
X,
ie
L
2
(0]
=)
-~
lo
)
19

o
¢
d

Hu|H o] G- HA-L- 595.13 km’, S AL 60.69
kmo|tt 2 o A= Huld AAFHS 2EF
HE R e Rt &3 #2598 o
Ao g g4l B8 AX ST (Table 1). A1)

A ol & 6700 B0 tirolA glo.
ARSI U L I 2

2/ =2
2 7|2 g} Bgo] 284 Ayt ZAER= HujA
A= A5 B 7Ee] 57 HEGAS AR o

Table 1. The standard watersheds for this study in Cheongmi stream.

Standard watershed" Area Basin length River length
Index code Name (km?) (km) (km)
100701 Upper Cheongmi stream 116.17 19.66 267.45
100702 Juksan cheon 54.16 11.82 111.73
100703 Midstream of Cheongmi stream 126.21 14.26 257.26
100704 Eungcheon 103.06 13.45 282.16
100705 Cheongmi stage station 119.91 10.64 297.37

"The standard watershed is provided by the Hydrologic Unit Map of the Ministry of Land, Infrastructure and Transport

of Korea (http://www.wamis.go.kr).



JW. Lee et al. / Ecol. Resil. Infrastruct. (2016) 3(1): 001-007 5

Cheongmi stage station

Cheongmi stream

100702
“;@ Sanggeuk rainfall station
100704

& y

SCALE
0 5  10km

Fig. 1. Map showing the computational domains which included standard watersheds in Cheongmi stream for hydraulic
and hydrologic analysis. In this study, a total 5 standard watersheds in the Cheongmi stream are considered. Each
number represents an index code of standard watersheds (mentioned in Table 1). The red line represents the boundary
of standard watersheds, the thick blue line represents the Cheongmi stream and the thin blue lines represents the
tributary of the Cheongmi stream.
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Fig. 3. A systematic diagram of the water flow along the
five standard watersheds in the Cheongmi stream for
the numerical analysis. Each standard watershed is
configured with a basin and a channel. For example,
in the case of the standard watershed 100701, it is
composed of two basins and a channel. Also, this figure
represents a process of numerical analysis.

w
ol

3 XM 2t HE

2 ol Hujd G thakow 750
% R Ry

AN B Ao ) ATte
e mgo] Ao} wmstoms, sj4 Aute] 4%
ANBTE. Fig 4= Fuls9lE AgolAe] 5
7 AEAR} 4t} FHEALS] 25T o2
Fo| Azje} vwgt Tolch. A% ATES
Gl
A
-
Z
4

2 A9 A A= 47t SEA
Fohd o =mgol Avet vwstde o, A
o8 Hry w2 Aowo| s AATdE &
Utk EZE, EIAL) HEo wWol AREIL QL
Nash-Sutcliffe A4~ (Nash-Sutcliffe model efficiency

[e]

2,500

+  Observed Data

Present Study
2,000

------ Hydrological Flood Forecasting Model

1,500

Flow (m%s)

1,000

500

o717
07/18
07/19
07/20
07/21
07/22
07/23
07/24
07/25
07/26
07/27
07/28
07/29
07/30

Time (month/day)

Fig. 4. Numerical results of present study and the hydro-
logical flood forecasting model which is used used by
the Four Major River Flood Control Office. The numerical
results of hydraulic and hydrologic analysis are compared
with observed discharge data at the Cheongmi stage
station.
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