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Abstract

River vegetation has important functions such as providing a habitat for the river ecosystem and physical stability of the river bank. It
also has adverse effects such as aggravating flood damages due to the increase in roughness coefficient and drag forces. River vegetation
management is very important in finding a balance between flood and ecological management. There are still many uncertainties about
the effect of vegetation on rivers. In this study, in order to analyze the effect of vegetated flow, the flow patterns according to the vegetation
roughness are analyzed through a two-dimensional unsteady flow model for Chopyeong island of the Imjin River. According to the
results of the 2D flow analysis using the HEC-RAS 2D model, the velocity distribution in the bend of the Imjin River was greatly affected
by the vegetation roughness of Chopyeong Island. The formation of the main flow outside the bend of Chopyeong Island during flooding
is presumed due to the influence of tree and grass on Chopyeong Island. If tree are distributed throughout Chopyeong Island, the velocity
outside the bend is expected to be higher. River vegetation causes the effect of raising the water level, and could cause a change in the
velocity distribution.
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Fig. 1. Map and photo of the study area
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Fig. 3. 2D geometry data of the study area

Fig. 4. Computational domain and roughness zones

Table 1. Roughness conditions of Chopyoeng island

Zone Casel Case2 Case3 Case4
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Fig. 6. 2D velocity distribution with time
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Fig. 6. 2D velocity distribution with time (Continued)




582 D. H. Lee and D. S. Rhee / Journal of Korea Water Resources Association 56(9) 575-586

] SR HFTHEAESEEE HoH 2L 2
TR R0l oAl —.—io}ﬂ ]E]' ‘?] °ﬂ Case22}
Case3°ﬂ/“1t ZHL t=0] fHo0) Y AAE Q)
Om 2P HREZoA 75 BiU t 374] L}E]"’]'ﬂ Utk o]

[e]
S5l 90l

>|

A7 oAl Case22} Case3 2] Ato]= 2 & St & =2 of| A
UEp =] 299t =2 B Case3 9] f450] 2] Lref L
Utk Case4 0] Aol = 2 9t0] f&0] Z7| Yehtal

9)o] 2WI ooty ol 2z o] 9
v Qiot.

e E2 AR Zpol= AR fEFol S7eHA 11
Zd3Fo] ©f oA et Fof
7+ 301 7%, Casel ol A= ¢
= 9 2R SR ATt 55 0]
AR S A5l it HHHo Case20l1 A
Fo A= f&o] =2 o e 25 5
eof| oJgt EF o] ofstA WA sHH, 2Pk 9t =2 o)A
Eo] YeRAT}, Case3 oA += Case20]| HIS) 2B F4+- S
o] oFafj|H P& Q9 42 Hr} =0 G 40| Lpehdt)
Casedol A= 2L 7] A4 f-50] A9 glom 2P
Rt SR 550 2P FARTE T 7oA yErdT.

9] 2 A7 Tl = A= 2719 FARE A& E UHE
U Alo]AE 2 2T o] 2 &AL} S el whet 2 E
et =9 f5o] F7Foh= AR U AL ik HE
212 thA 2po]7FH=t] Casel 0] 7H 20 W Cased 7} 71
A vrepdtt

0] 7] o] |28} et

7&@ HEE A 0]-‘:'1 Figs. 8 and 99]' ot

ZH = 5HT RS 2ol f1A19E Chl 213 9] 7ol
FIARR A7 Alo| 2o whE 9] HskE 719 §lov, 2
ZLA7E 7 el w2 = e /‘] A ¢7HS 715
Ao ettt 2Bk 2RSS 42 Tl 91219 Ch3 4]
ol 7B-polls, Aol R 2 o] A7 et mt
2t peleh-rol s she B d= FHol R AL Al &
3], F|aL o] DASI= 40417 FZol A Casel 9] 752
0.2 m/s 22 71 2] AA|H FFe ot Case29} Case3->
1 /s o1] F5-& UEIH, Case4 2] Z-¢-0ll= 1.4 m/s ©]
Jol 5 et 2= —‘J‘OJé-/FE%OJ‘ﬂ Ch6°] 7-¢-

o= e ol 718 HoleH], 2 Ala7 g7 Fedol wet

dran

Reference line @ o

Downstream boundary

Fig. 7. Reference points and line in the study area

Z=9)9} 4501 Z7I5I, Case3oll A 24919} H 15452
LFERH™ Casedof| M= 2512 4=919F 140] Case3°f| HsH
A ZHAash= AR R T Qith o= 2T A X o
et HoES £ Bl 90t 2 2 ERHE a5 HsH
5, B3t 2T AR A H 0] e Fol Che A=
PE= Fol 2EAT Ao utet fishs B3t v o
A7tE wohg )
2 AR A 27 A1 /1 Chs 213 9 A golls,
I Z2EAlG S7Hl w919k o] tha F71sk=
Fae Uehdlnh S, 24 1% %%71 21 30417~40A17F
/\Poloﬂ% Case4 2| f15:0] §25] S7I5l=1 ] Cased 9]
2= AA o AT ot 2 E AR TG A
—’FE% O] WO A 2t R B RSk S50 H5
& o] Yehhs @7l
ZH 5 SR 9ol e =A G R1 Is2 A1 o] Ao, 9
€ Alo|2¥ = A FARBH b 7452 224149
7ol meh fashs e s Heh AL )l 3,
Is2 A|734-2 Case3 T} Casedol| A 5Lt 2= Al+E A5
O}, 2R E AR A Ho 2EAS Aol o] FFLr [F550]
2ot A= F3sHA HEraL A,
2R R TY 2E2A G 4 A Y Bpolle 2=

Al S7tel w9171 55 78 %de WEh=t, Case3
7} Casedoll A= A 0] FLR} 915 UERIAL ATt 5, 1s4 A
o] &3t Zone2 0] ZEAO] THE 9] Zte|7F A Y] §l=
A0 2 Uit 55 2 EAIGF7 ol et f50] A4aet
i 4= UER Y Case3 ¥} Cased 2] 145 2ol= m|u]5HA]

9 BN
% o

th



Water elevation(m)

Water elevation(m)

m)

Water elevation(

12

11

10

12

11

10

12

11

10

D. H. Lee and D. S. Rhee / Journal of Korea Water Resources Association 56(9) 575-586

40 50 60 70
Time(hr)

(@) Ch1

10 20 30 40 50 60 70
Time(hr)
(o) Ché
Casel
o Case2
----- Case3
Cased
/
/
10 20 30 40 50 60 70
Time(hr)
(e) Is2

80

80

80

Water elevation(m)

Water elevation(m)

Water elevation(m)

12

11

10

12

11

10

10 20 30 50 60 70

40
Time(hr)

(b) Ch3

10 20 30 40 50 60 70
Time(hr)
(d) Ch5
Casel
7z Case2
----- Case3
Cased
10 20 30 40 50 60 70
Time(hr)
(f) Is4

Fig. 8. Water stage hydrographs at reference points

583

80

80

80
axel=|
T_r] pLe
=}
Th5



584 D. H. Lee and D. S. Rhee / Journal of Korea Water Resources Association 56(9) 575-586

2.5
2.0 = -
PN
—~ 15
<
3
=
]
<)
KT
Z 10
Casel
03 Case2
----- Case3
Cased
0.0
0 10 20 30 40 50 60 70 80
Time(hr)
(@) Ch1
2.5
R
pmeone™ AL
2.0
—~ 15
<
3
=
S
o
o
Z 10
Casel
0.5
Case2
----- Case3
Cased
0.0
0 10 20 30 40 50 60 70 80
Time(hr)
(0) Ché
1.6
1.4
1.2
1.0

Veloicty(m/s)
o
%

Veloicty(m/s)
N
)

0.8

0.6

0.4

0.2

0.0

4.5

4.0

Veloicty(m/s)

0.5

0.0

Veloicty(m/s)
) o = =
o o =) [N)

o
'S

20

A
\ Sl N
N VALY
\Vay v
Casel
Case2
----- Case3
Cased
30 40 50 60 70 80
Time(hr)
Casel
Case2
----- Case3
Cased
30 40 50 60 70 80
Time(hr)

Time(hr)

(f) Is4

Fig. 9. Temporal variations of velocities at reference points

06

04

02

o | — =

Time(hr)
(e) Is2

U20] 491 SPat g 92 0] 4o9) Algo] FeishA B
A=A Ut

P} -8 Cased ©] 9ol T

Adedolex

T ek,

hec]

ki

229

=917} e} 2181 eht

WF AR AC



585

D. H. Lee and D. S. Rhee / Journal of Korea Water Resources Association 56(9) 575-586

@ﬂ;ﬂ%%ﬂﬁ&ﬂ%%ﬂm;1%#% Mﬂ
ey 3 ol oy 7T %R O e XM oor o
KRG ﬁ@uifrmopaﬂafﬂ%%zﬂ ™~
Rl x;W%Ej_LE%%;%E_E ¥
ol op o B oo o] B o pE W M gy o Aﬁﬂ —
Eﬂﬂdl.ﬂﬂﬂﬂlﬂkamoﬁx_tmﬂe_uﬁﬂ_.o1m_| =
o Moo edd T me T el g e X
: FRRU TR AT DT R DT 0 =
NN i eﬂ,_mﬂéu,_tﬂmaw_]tq_moﬂiAﬁuﬁﬁ_.ma__o_dl i
P e Howe Hees WX 4wz e
L 8 ﬂ%o_ovE@a_nﬂRm’nﬁ%ﬂﬂ. b B r B o
g 8 . W R S o Ol o I gy el
A oS mr BERN e PG LT H G o
35882 : wE e RN T n BT D& Y
: © o~ @ ol 2o B A= B o oo B0 — or e T o o
~¢ o u%_zoMi_s B oon oo X2k } oF
c OMﬂoq_.EA_-} ooEgoazui = KW 3
0 ATM ooy o o Lj- of T N ml = N T
] = T X Haﬁr,lﬂ_u_l:i__oox_ﬂ_ Ao_em.7ﬂ110 -
T3 %.ﬂ,ﬂﬂ_aolyu_%wwﬂﬁﬂa%ﬂﬂ@@i S
T oty w e ol T HE & W =
e & ey EELER b By R i %
S s %EN%W KoL gr B o AT X B —
5 = gA @ﬂ%e_n%%%m@ﬁﬁﬂﬂoﬂ@uﬂuﬂ IS
.5 & Aﬁ%_#o_/,m. LPlzo G T T o4 T T TR < o
82 2 orurw Mol B R ol W e ) oF B W W oF <k na
1m.|n|u
o B
g8 = B S THETHNRE DTS YT
© 5 oF ol oy RO M B O M = o OF RO WM or m) X Q E;o o] T
£ TR ST THBET a5 o g 8o ¥ e
g a ﬁrﬂq_Wafﬂl.ﬂaf@%ﬂenﬁonﬂaaaﬂﬂo_,_.ﬂouwmﬂﬂ
3 A 4%%Ezﬂﬂha_uzﬁ_.l%ﬂhmﬂm:%ov%%%ﬂa o o
s R T B W wo Pl B g T ROy o KO g T G
s g T o Mowe T T o < O mo ho W oo o X KO
o = iy NP ol . B o T X° R m
g : o g B o TS - R N B g oo XS o
< o ‘m.OX }E_ﬂLJlo,m.ﬂOTq ].A_l D.A_#O .AT
iT o ~ OMﬂdMﬂvuﬂl _nli.eoa oy S
L_.._nnoqﬂ‘mlﬂﬂ,wmo Tﬁdﬂ.ﬂll] — _ Wr = —=—~ =
= B>z Ao Moo T e 2 0% 0 gy
S Il W s BT - O (S R GNP O - R R
R = _ﬂﬂ%mﬁﬂ%mum@jy%:} of =r w9
ﬂﬁ o T M o N ® o o 2 oF o M RMoor ¥
A AL o#aﬂ#ﬂo%%ﬂa@d@ﬂlﬂoauﬂx
NN o __O_M,DH%%_,H_A%_&UML% LﬂuotmmoE_ﬁAﬁ”_.MMMﬂLHMﬂ%WDAﬁm__W
OWUOVUYTNO®WOIEN O o o o o o) ~O|O_ED._E_D__0_ o._ﬁo_z‘._ wmn_moﬂo,.m_d X o = ° _.E,_._m 0_1_ o © _r.._,v
cccr--ggeeew © ¥ & S g moﬂhev._o_N_z“ﬁL_LﬂuawoﬂaHMmmﬁﬂo_ﬂﬂ%#ﬁ@m
(wyuonersg u_._,_.ﬂo %A of o %Mﬂm@ oo mﬂwﬂ mwﬁ._._,_lﬂo %W o
L_LEaTﬂl;oa_’mu_]%,m_.L7o&L,mﬂ_w_ﬁL_._x15@0021%
TE o~ R mE e N g of X AL RO O = o T
ﬂ_i@rﬂaﬂm;ﬁ7E1_w@nun¥%;o.ﬂe_;ﬁzﬁ%;ﬂ
L P o I N I B B = T
o A RaT s R R R a N gl e
. %ﬂ@%%%ﬂ@%ﬁizﬂ¢@ﬂam%%a%
Te) T oo BEREE O BT RT e T T ol W T

=9t

[¢]
o

f

HEA}91(2022002850001) 2] 2| - Hho} 4=



586 D. H. Lee and D. S. Rhee / Journal of Korea Water Resources Association 56(9) 575-586

Conflicts of Interest

The authors declare no conflict of interest.

References

Brunner, G.W. (2016). HEC-RAS river analysis system, 2D hydraulic
reference manual, Version 5.0. US Army Corps of Engineers -
Hydrologic Engineering Center, Davis, CA, U.S.

Ghimire, E., Sharma, S., and Lamichhane, N. (2020). “Evaluation of
one-dimensional and two-dimensional HEC-RAS models to
predict flood travel time and inundation area for flood warning
system.” Journal of Hydraulic Engineering, Vol. 28, No. 1,
pp. 110-126. doi: 10.1080/09715010.2020.1824621.

James, C.S., Reid, M.A., and Capon, S. (2016). “Climate change and
the future of Australian riverine vegetation.” The vegetation of
australian riverine landscapes, Edited by Capon, S., James,
C.S., and Reid, M.A., CSIRO Publishing, Victoria, Australia,
pp. 387-406.

Ji, U., Jang, E.-k., Ahn, M., and Bae, 1. (2021). “Evaluation of flow
resistance coefficient based on physical properties of vegetation
in floodplains and numerical simulation of the changes in flow
characteristics.” Ecology and Resilient Infrastructure, Vol. 8,
No. 4, pp. 212-222.

Marko, K., Elfeki, A., Alamri, N., and Chaabani, A. (2019). “Two
dimensional flood inundation modelling in urban areas using
WMS, HEC-RAS and GIS (Case study in Jeddah City, Saudi
Arabia).” Advances in remote sensing and geo informatics

applications, Edited by El-Askary, H., Lee, S., Heggy, E., and
Pradhan, B., Springer, Cham. doi: 10.1007/978-3-030-01440-
7_62.

Ministry of Land, Transport and Maritime Affairs (MLTM) (2011).
Imjin River basic plan.

Quirogaa, V.M., Kurea, S., Udoa, K., and Manoa, A. (2016). “Appli-
cation of 2D numerical simulation for the analysis of the
February 2014 Bolivian Amazonia flood: Application of the
new HEC-RAS version 5.” Ribagua, Vol. 3, No. 1, pp. 25-33.
doi: 10.1016/j.riba.2015.12.001.

Rangari, V.A., Umamahesh, N., and Bhatt, C. (2019). “Assessment
of inundation risk in urban floods using HEC RAS 2D.”
Modeling Earth Systems and Environment, Vol. 5, No. 4, pp.
1839-1851. doi: 10.1007/s40808-019-00641-8.

Shrestha, A., Bhattacharjee, L., Baral, S., Thakur, B., Joshi, N., Kalra,
A., and Gupta, R. (2020). “Understanding suitability of MIKE
21 and HEC-RAS for 2D floodplain modeling.” World Envi-
ronmental and Water Resources Congress 2020, ASCE, Hen-
derson, NV, U.S. (Conference Cacelled), pp. 237-253.

Sukhodolov, A.N. (2015). “Field-based research in fluvial hydraulics:
Potential, paradigms and challenges.” Journal of Hydraulic
Research, Vol. 53, No. 1, pp. 1-19. doi: 10.1080/00221686.
2015.1012126.

Syafri, R.R., Hadi, M.P., and Suprayogi, S. (2020). “Hydrodynamic
modelling of Juwana River flooding using HEC-RAS 2D.”
2020 IOP Conference Series: Earth and Environmental Science,
East Java, Indonesia. doi: 10.1088/1755-1315/412/1/012028.

Szydtowski, M. (2019). “Hydraulic analysis of causes of washout of
Gdynia-Ortowo sea-shore during the flood in the Kacza River
estuary.” Polish Maritime Research, Vol. 26, No. 1, pp: 174-
182. doi: 10.2478/pomr-2019-0019.



