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= HEY ZZ(Floodplain excavation)¥ AYZE|(Dyke relocation)E HEC-GeoRASE T3l 749 T4 &
2199 Agst9.em, HEC-RASS] B F 5E(Unsteady flow) 34S 53l shd 498 &5t 1 23
T4 Beol & ZAsHROlA oF 8cmo] 491 AMAEHNE FAT 4 AU & AT AHE Fofl shdEE A
FO HF A] 7]&9] spdyte] W] opd AAV|NHHE T8 e Wetew T 4 Qe AR S8 &
|0 7 Ao= JviEt.
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Abstract

EDue to climate change and urbanization, the localized heavy rainfall frequently exceeded a design storm
rainfall and flood damage has occurred in South Korea. The concept of addressing sustainable river
management and environmental and social issues through Nature—based Solutions (NbS) is gaining attention as
it seeks to resolve these issues through ecosystem services. Therefore, in this study, the flood reduction effect
by river management using NbS was quantitatively analyzed for the Hwang River, which is directly
downstream of Hapcheon Dam, South Korea. Floodplain excavation and dyke relocation, which are methods
of the NbS, were applied to the flood risk area of the Hwang River. As a result of analyzing the flood level
of the river through the unsteady flow analysis of HEC-RAS, we obtained flood level reduction by 8 cm at
the confluence of the Nakdong River. The results of this study can be expected to be sufficiently utilized as a
basis for use as a management plan through NbS rather than the river management with grey infrastructure,
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A AFARor F3 FHet 7|9 s T 7Yy
dgos It B4 AR 7F RIS R| A o]of wE
Haj7t 7k ek =7 SHEt PrEE 14 (2020)°0
2w o5 d A2 1912~201797k2]  10dwbct
11.6mm F7Fsh= Z7ko]l F3istA] Y k(=371
Adarstel, 2020). 1 ¥R 20204 o HuH6€24Y
~8916Y)= FAE A, Mt ol FF, HY, 2d F
A= oz Zanofrt FAPsHH L, 8¥ofl= 330 24
A 387 Al 3670 SH-Eol HEES EEAGA YL
2 AEEAeHe]S4, 2020).

SaosE #1257 Yl 2000E ] o]F SPHAHIALY
S A&HHoz Afste] 20219 =W spd g0l
79.4%°l ZEstAth@7gE, 2022). stARt o]l et
(Grey infrastructure)?l Z3E FZ2E Y59 sHAAH]|
B QI 2A7FAL} ol4tstet A o] HjEE& of7|stal §lor
(HHY & #4482, 2010), = sk ol AAR S
sh7lolls &7 H A g2 FAgo] gl A&7HE
g eto g Aestrlol= ofeZol ek ol= <l A&
7HsshH 7191710l W-gstr] g HHoer AA7|Ete]
H(Nature—based Solutions, NbS)& E3t spdAw|7} =+
S QIoh($-a4, 2023).

A7kl -2 AHEetA delE H8F 2N AR
24 BAE ddote 22 HITAE HEEHA
skl 2021). AAAAR DAY (nternational Union
for Conservation of Nature, I[UCN)I} A|A-L38(World
Bank)& $4Ho=® difd /fdes 7§33}t kS A

1o
i

T
D
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0 10 20 KM st
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ot FAlol F T E AHA B R FAS A
% 7t AU AE o]8ot= S or FASHATHEAEA
& g, 2020).

ZA7|RkeH-2 Xoll 4o 9 Adof gt A7t =<
2 25 R5Y Zof Qoh(Faivre et al., 2017; 984 & 5
2k 2020; =34, 2020). T3 W E QoA AA7|TreH
= A8sp] Qg A BrF B Aot A&sta ok
GFrH=aEAdA HrFA14(2011); Keesstra et al,, 2018;
Chausson et al., 2020; -2 2], 2022). o]xH =tA7[Ha)H
2 A&7Fse Welw, shdytke]of A-goto] AbRled 24
AL o] St Akt Hete 2 Frta ik AHA7 R
Hol H8-8 Fof AAAF R AGAE] S FEE P55}
H, o] AlFsls slHS BHoghog tiefgh ool ¢
= Stk siAEE 71E9] ARE 1 Bue] £A4o] HiEE
o, Al atH ARl s tiAH & A|Alsk
RoB=E AAZHIHS F 2We T shdEee] dis
A7 sk Aol olEgol Stk webd & dqte 247
HHeiH-E 8 shdAH] aE Ao R Elete AS =
Aoz skt Ay 9474 & HEd 22 A4
FESte] Pl S TS A8t} stgleH, 35
A aatE AFHoR gRlskgich
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Junctith of the
Nakdong River.*

@ Weather-station
@ Dam
A Water level station

Fig. 1. Study Area : Hapcheon Dam and Hwang River
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Sot sfae
2.2.1 XA sl 71
2A7|greR o] Aol obA AAALS] A fFefstA] ¢

of o}A] mp 2] grekAg, @7 = IUCNY} EU(European

Union)7} A|AIEE 7Hdo] S o8 AFgE T gtk [UCNE

A7k S ALR)H ZAIE &abAolal sfjdstal 4§

St FAo] JIFEAeL AAS A olFA stal #FgH

EAE Boot 2&7Hse TEjot BUe §ig e

2 AoJstal QltH(Cohen—shacham, Walters, Maginnis &

Janzen, 2016; 84 & ¢, 20205 =THANEIFSHY,

2021). EU #AQ7|8tsHE Aol A gt g wt

A, ASE A Bl AAA olde Alsst HdEe 5
St HE&Hor FEAHQ o er Aostal vk
(European Commission, 2022). o]7]A =¢17]utsH-2
IUCN¥ EUC] Ao & A AHAE o]-8oh= 22
ZA, TUCNS QIFE2 e Aathedd Hojo disf =7

Table 1. River Management Techniques of Nature—based Solutions

A-A7 e e A O] AH|AE o]-§5hH ZFARH 9]
A5 Foll AHelA =AMAE sidsts] fi't Aol
g 4 Qo AA7|Eke - AbRA-e A ZA1E AR
St7] Q1o oht @ 47]&o] AAE L QIt AlAl ofd A
2 7|2(World Wildlife Fund, WWF)¢] Natural and
Nature—Based Flood Management: A Green Guide:= &
ol et shd e S 24 (Structural) B H]
Tz A (Non-structural) FHO R Uiro] AAst St
T2 e ZAAZ e A bR 2 ¥gle
St W (Hard)d A2 (Soft) HH-& dtotal glo
Soft & A7|vte o2 & &4 Qlh H|Lx2H v
HE, 14, AR T3 22 AREA o] o
o

=

Room for the river= UETE=A A2t 7fgo = s}
Ao fEFS ST, ARIHE SHGHA St 4
HE XAst= Holtt A wole AR 34 ol
= St Zlo] oy} shdErte] S FSte] AH A
Mg A7 BAFeES sk 2aE v E 5
(o] A and #A3]. 2018; Femke Schasfoort at el.,
2013). AA7|HeH-E &3 sPdAH] 71&2 Table 13
Zdom, & AgoA AREH AAZIREeH -2 ste] wisket
Tzol o2 HEC-GeoRAS £40] 7Haet W& =
Z}(Floodplain excavation)¥ A% FE|/(Dyke relocation)
Agsteich. HeEd 222 HEde £ BE9 M
AAZ R 597} Eot 4 o T3] 37 T

Zolm, A SE= 729 AY fxE5 ot ¥
AlZ|Bz Jgho] wAo] gojxal ¢ @2 33t
5he Zo]tH(UNESCO-IHE, 2013).

& oft rr o

Natural and Nature-Based Flood Management : .
A Green Guide Room for the river

@) Upper watershed restoration ® Floodplain excavation
@ Soil conservation measures ® Depoldering
©] Wetland restoration Strengthening dykes
@ Swales and infiltration devices ® Relocation of dykes
® Rainwater harvesting ® Riverbed excavation
® Detention basins and retention ponds ) Water storage
@ Natural drainage path restoration High water channel
Riparian vegetation restoration Lowering breakwater spurs
® Removal of barriers @ Removal of obstacles
Green roof/walls and blue roofs -
@ Coastal and reef restoration -
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2.3 HEC-GeoRASE &%t

A7k #8517] 98] HEC-GeoRAS] preRAS
71%6& ol&atm, HEC-RAS 2@9] 2§ £A42=E
ool WA AP EY] FuAN AYPUE opF
Idad 1x HHE Fo| TIN(Triangulated Irregular
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O trgor SlEHEAA(Stream  Centerline), SHEAAW
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2 (Flow Path) & AAs|Fo] 42 94 o 7F A
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Section Cut Lines)& F3f shddtdof oigh 2tz ‘3’! al
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Table 2. The scale of the river management

Elements of NbS
Zone Max. levee |Max. excavation| Area(ha)
setback length(m) depth(m)

1 A 643.15 1.9 103.25
2 B 221.82 4.5 11.43
3 C 250.46 3.5 44.79
4 D 109.94 3.5 21.11
5 E 552.23 2.0 104.42
6 F 371.43 3.5 73.49
7 G 413.34 3.8 48.93
8 H 570.50 4.0 65.01

River management devefopment zone

Fig. 2. River management development zone based on NbS
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Fig. 3. Representative Cross section before and after application of NbS (E&F Zone)

Table 3. Runoff Simulation Results

Observation Simulation Difference
Event
Qp tp Qp tp Qp tp
Aug.
2020 2587.2 75 2589.2 70 2 5
Oct.
2019 1015.5 57 1008.3 62 7.2 5
Sep.
2012 1455.7 69 1462.4 76 6.7 7
Qp: Peak discharge(m®/s), tp: Peak time(hr)
3.2 HEC-HMSE &St &3 4+
HEC-HMS &23e] #+=& st =& GIS &A=z 3

S
9 EAo] e glon], HEC-HMS 23] Bagt A%
27 F=& 9814 DEMS o|&3te] k4%, =
59 #8284 2gJAFE HEC-GeoHMSE Tdll 1535
fom, FFSRAEY s EA S (FAA TR ET A,
2016)= #arste] 9 ¥ stz EAGRJIARE ZEsHIh
HEC-HMSE &3t 55 4 o= &4(Loss
method)-& SCS W, WM& (Transform method)-& Clark
S, 714G Baseflow method)S Recession,
(Routing method) Muskingum S-S A=stich
7t &9 Al e @G a)e {52 HEC-
HMS 2go] d-gsto] AATSHFAYS 9t iisisE
ASokaih. AAl F5% HEC-HMSZ2 RolH AE H]
wsto] HEFFE 2pol7t A2 EAZRIAE gelst
9 B4 ok ASel AHE 29 AT fER] E
Y= Table 39t Zrt wrgbd HEC-HMS Ege] 1009
Hx SE70-¢3S 485tH 3533.6 mY/s9] HAFZ4Fol

AENCH, ALErF AAE T e Fig. 4°]H

7
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L

3533.6
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Fig. 4. 100yrs design flood graph of Hwang River basin

33 27| AHE -2 B4 LS St Afd=at

£y

HEC-GeoRASE &3l +%3 At=eF HEC-HMSZ 4t
AE 1009 ¥= AZ4wS HEC-RASO| 42st3ich.
olmj 9] S STt MiHsR 2EASE A
o, FAokREY P71 EAS (FAA = EEA, 2016)
ol BAHE & Farsto] A-gstlet. o], A7t

A%, AEAAA 5 A9

A Fol AEA AFdo] EActEE M5kt whet
ZAgol| et Frtete SEAFS Rt
Al 2EASTE 0.12 AF 24tk HgdelAe =
EAgE 0.025914 0.2007h2] whgstAl A-go] H=H],
T AR BEE VA Qe HE Ee TEo] EAY
8% 0.19] 2EA+E AH&etH(Hydrologic Engineering
Center, 2016). 18|31 HEC-RASE Rol5}t7] 9ot AAZ
A FAR 2002, AZte] wet £x¢) ¢fgo] ¥sh=

2 7 ARl AAZTTES dgste] S
2l 2A457] s
whel S 289 At Aot g S U
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o
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St
4
18
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N | o it AR/ NEIEE A8e7] oA HaRL o
| EEEL 97 2917 At @40l HYS & 4 deh 4]
] WS B8 gAY olRel $4 ARai e 2
g 1.08molH, A4 FFo= 12.3cme] APads 2 5 9l
g th(Fig. 6, Table 4). 3t &2 o] & otF FE(®,
*] @, @) 5517} oF 8em Faste] AT AA7 AL
lole © @00 66w e 5 o Ago ARHoR THAPS AUT + UL Ao
a0 2000 2000 1000 0 T
Distance from downstream (m)
Fig. 5. Difference in flood levels before and after the application 4, ?Ed%
of NbS
2 Aol 2AL AL B shanae] 34
i A7 aTE AYHe BASE Aolw, BHW Aotw
ST e 97 de® shadh o4, AdseEe ¢
* Mﬁ @sl7] 949l HEC-GeoRASE -8sto] tigA o] 54
£S = —/ A A Elet AFAE 2ol AAstAt 11 thelo=, 1009 ¥k
£, IR o] 24417 SEFSFS s, oS s|uros HEC-
¢ HMS 238 olgalo] AAZ4TL ALtsIct. ololA,
| HEC-RASE &-&sto] AAZ+9E sk, o5 &3l
06 © 0Q0000MmMO O O]  gasusuel s447 2ne R4t
S Fdon AA7 NS 28T e ARel w3t
o B Uuel #919) 45e Baon, AQsY A8
Fig. 6. ODflffl\?tr)Zﬂce in flood levels before and after the application HEo] stRBL 2ol 57 §IS WA 2 9l uf
2hA, AA7deiR o] Agow o 1.08mo 9] AFR
o] Aot @17 FARI ARolw, @re W B 12.3eme] o) AGEIAT} b,
GE7) ey sk shER iro] $4:9]0] Z7HFS = Ao Ak s A el Ao glojAf 71E9]
solatelnh. NbSE A8at 27hoi= Ao] 2AH] whap  TRAQL WA g4l AA7HeHe EYshs 2742 &8
Zolsle s2AFOR QF 597 Asdls Aoz BHY 2 7 e 7HsAde AASHL v ERF A7
on] ol Z4E @ ARAZ Pio| Kol Sho] Lag O AL THBE ofUe} AeAle] AZ4, 42 5 A
02 ARENE B 4 JAhFig. 5. NbSE #gst Ae) A &3 A A sfaAe=Me 7o oz 7d
o 4 Qo olERt AMES §4 T digt AR A
Table. 4. Maximum and difference results in flood levels by section gt e AAlstH, A&7 shda ﬂuiﬂ 7tsdE
(Unit : m) FES 4 oH, Aaruts o] g-go] 7]emstet o
T Vi Water Tl | v e o | 290 S B3 g A0 2] g A2
ection Before NbS After NbS [Decrease in Water Level 4 Sth
@ 8.85 8.64 Vv -0.45
® 7.16 6.36 v 055 are =
© 8.03 8.03 v -0.02
@ 5.16 5.22 A 001 2 ANES SR Ador =dEArgeEe]
5 1 56 ) o 00 SARA BaERE DY S AR 9
o 0 0 v 00: & whol A= 5Tk (2022003630001)
8.09 7.83 Vv -0.25
® 7.85 7.84 v 006 References
® 8.10 8.04 v -0.06
@ 557 556 & 001 National Institute of Meteorological Sciences. (2018).
o 597 585 v 0.0 100 Years of Climate Change on the Korean
- - - Peninsula [Korean Literature].
© 1062 1045 v 010 Lee, S. S. (2020). A Study of the Integrated Management
@ 14.90 14.85 v 005 of Flooding and Inundation According to the

SREAISE H253 AH4Z, 2023



Y - OEiR - YA - ULH 385

Unification of Water Management [Korean Literature].
Ministry of Environment. (2022). Korean River Catalog
2021. [Korean Literature].
Woo, H. S. (2023). Natural, Nature—based Features
(NNbF) - A Comparative Analysis with Nature—
(NbS) of Tts

to Korea. and Resilient

based Solutions and Assessment

Applicability Ecology
Infrastructure, 10(2), [Korean Literature].

Woo, H. S. & Han, S. (2020). Typological System of
Nature—based Solutions and Its Similar Concepts on
Water Ecology  and
Infrastructure, 7(1), 15-25. [Korean Literature].

Cho, D. (2020). Ecological Perspective on Nature—Based

Status

Management. Resilient

Solutions:  Current and Development
Directions — Focused on Aquatic Ecosystem Ecological
Restoration Projects. Water and the Future: Journal
of the Korean Water Resources Association, 53(3),
27-34. [Korean Literature].

Cohen—Shacham, E., Andrade, A., Dalton, J., Dudley,
N., Jones, M., Kumar, C., Maginnis, S., Maynard,
S., Nelson, C. R., Renaud, F. G., Welling, R., &
Walters, G. (2019). Core principles for successfully
implementing and upscaling Nature—based Solutions.
Environmental Science & Policy, 98, 20-29.

Faivre, N., Fritz, M., Freitas, T., Boissezon, B., &
Vandewoestijne, S. (2017). Nature-Based Solutions
in the EU: Innovating with nature to address social,
economic and environmental challenges. Environmental
Research, 159, 509-518.

Kim, T. H. & Tae, S. H. (2010).A Study on the
Development of an Evaluation System of CO2
Emission in the Production of Concrete. Journal of

the Korea Concrete Institute. 22(6), 787~796.
[Korean Literature].

Korea Institute for Environmental Policy Evaluation.
(2011). Developing Climate—Resilient Urban Renewal
Strategies: Flood Mitigation Effects and Implementation
Approaches of Green Infrastructure. [Korean Literature].

Ji, U, Jang, E., Bae, 1., Ahn, M., & Bae, J. (2022). A
Study on the Site Selection Method for the Creation

Flood Buffer

Nature—based Solution — Case Study from Upstream

of a Section Considering the

of Daecheong Dam to Downstream of Yongdam
Dam. Ecology and Resilient Infrastructure, 8(3),
131-140.

Keesstra, S., Nunes, ]., Novara, A., Finger, D., Avelar,
D., & Kalantari, Z. (2018). The superior effect of
nature based solutions in land management for
enhancing ecosystem services. Science of The Total
Environment, 610-611, 997-10009.

Chausson, A., Turner, B., Seddon, D., Chabaneix, N.,
Girardin, C. A., Kapos, V., Key, 1., Roe, D., Smith,
A., Woroniecki, S., & Seddon, N. (2020). Mapping
the effectiveness of nature—based solutions for
climate change adaptation. Global Change Biology,
26(11), 6134-6155.

National Institute of Forest Science. (2021). Utilizing
Nature—Based Solutions in the Forestry Sector for
Climate Change Adaptation. [Korean Literature].

European Commission &  Directorate—General for
Research and Innovation. (2022.). Retrieved from
https://commission.europa.eu/research—and—innovation
_en,

WWEF. (2016). Natural and Nature-Based Flood
Management: A Green Guide.

Lee, K. J., & Choi, J. H. (2018). A Planning Direction

Waterfront  City
Technological and Social Meaning. Journal of the
Society of Disaster Information, 14(3), 352-359.
[Korean Literature].

Schasfoort, F., Janssen, S., Bos, M., & Francés, F.
(2013). Room for the River. Deltafact.

Ministry of Land, Infrastructure and Transport, Busan
Regional Office of Land, Infrastructure and
Transport. (2016). The Basic Plan of the River in

the Downstream of the Hwang River.

of  Resilient considering

[Korean
Literature].

UNESCO-IHE. (2013). Tailor made collaboration-A
clever combination of process and content. n.p.:
UNESCO-IHE.

Hydrologic (2016). HEC-RAS

Hydraulic Reference Manual. US Army Corps of

Engineering Center.

Engineers

Journal of Wetlands Research, Vol. 25, No. 4, 2023





