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27

Project goals: to restore natural function of lower Tolt River to enhance fish habit(X§ & A A4l X); to

maintain or improve flood protection in the surrounding community(Z4=XZ); to enhance
recreational access and opportunities(=H& 7).

The main project area is along the Tolt River before it joins the Snoqualmie River, in and around
Tolt-MacDonald Park in Carnation. The project will set back the existing levee within the park to
help return the river corridor to its natural flood-plain character and improve fish habitat.
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+ Mareit River(ltaly) 5

v To provide various channel pattern
(especially for originally braided and
meandering channels)

v To increase hydrodynamic and
sediment diversity

v To increase bed armouring and lack of
gravel for fish spawning

v To increase lack of in-channel wood
and riparian vegetation

Topographic change
(e.g., bar creation,
floodplain splays)
Ecosystem change
(e.g., habitat,
Sediment Riparian & nutrients)
erosion and vegetation
deposition recruitment % Teraldae
(shading, water
temp. modulation)

Hydraulic change
(e.g., increased flow
resistance, bar and

bank cohesion)
Wohl et al(2015). The science and practice of river restoration, Water 30

Resources Research, pp. 5974-5997.
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+ Rewidening and rewilding the Thur river(2$I2)

©  Flagship restoration
® Control site

~ Tributaries

Thur

5 catchment Thur

Data source:
Einzugsgebietsgledenng Schweiz E2GG-CHE2012, Bundesamt for Umwet BAFU, Bern:
swrsstopo (A 30 GealV): 57041000 000 / TLM30S2011. DHM2S22003, Vector20082011 reproduced with permision o

it

v The river Thur in Switzerland is a tributary of the Rhine.

v ltis a highly dynamic river in a catchment with no reservoirs to
control its dynamic discharge patterns.

v The landuse also varies significantly in the agricultural
catchment (61 % agriculture, 30 % forest and only 9 % urban.)

v As Thur River was often flooded by melt water in Spring, the
river restoration was considered to be an alternative flood
protection measure.

v Although, it was mainly done for flood protection it is also
expected to improve water quality and provide ecological
improvement by increasing habitat diversity as well.

d
¥

River Thur before restoration River Thur after restoration
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Photosynthesis

In the process of photosynthesis, plants convert : 5 DIOKIDE

CARBON

Respiration
sH1206 + O

l
CO@ Engrg?

radiant energy from the sun into chemical energy
in the form of glucose (or sugar).

OXYGEN

water + carbon dioxide + sunlight —» glucose + nxyg:N
6H0 +  6C0, + radiantenergy—> CH,0, + 60, AT

RADIANT ENERGY

OXYGEN

WATER—=

GluCosE om

DIOXIDE
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1
ZEEMH|A | =3 H|IA
(regulating services) | (cultural services)

ZIMH|A |
(provisioning services) |

MEjAIZTE L= MM

+ S2i(food) [
« Elx=(fresh water)

- 12 (fiber) .
. gg}st=xl I
(biochemicals) .
- XXl (genetic I
resources) l

- 922 Zxf(fuel wood) I

MEfA 2| ZHI|S225E

g= 0I5

JIZ=H(climate

regulation)

- EHxH(disease
regulation)

- 2 ZZ=(water regulation)

- =& H3H(water

purification)

.| YEHAIZSE €= HISEEH 0|5

« MH 2 BLF 0|
(spiritual and religious)

« O{7H/HEf 22
(recreation/ecotourism)

- MO|= 0|5 (aesthetic)

» ¥ 0| (inspirational)

+ WS 0|=F(educational)

- ZAZ(sense of place)

- 2342 cultural heritage)

X|¢AMH|A(supporting services)

CIE MEjAMH|AS| HHESS 7| 95t EREH MH|A
- E9F8{M(soil formation)
« YA 22k(nutrient cycling)
+ 1%} AIAE=Z(primary production)
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E & X(Infrastructure)

- Ag| el=gle| Ho
v dHgs2 7I.’?=.§ ddsk= Al=lx it 713k 2jo)

v E2, 5, S8 o, ojlLixl, A5t 59 V8, 2 S5 22 FA
SHE0| LE S ALSIAHZT £|2 Sl Wel, DAL 22 ALEIEK],
AN 5 MBAHRE Et

- AKg| e1=z2le] 7|s
v A AI§I°|EE|= 712| crU=Ho| ChUT|S(0f], St |AIM= X2
715, 5= E4HH| ) = Grey Infra(3|0| 21=2})
v EZ A|§|°._|EEF Jl=2| Y HIBS 84S 1250 & 7S,
StrRE|A A= £HE[+SASX|+HIL X +XH3, 518 = SHiA+2]
0| M+pHBZH+REXZ) = Green Infra(aBICIZE})
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=g ma|

28kl MEl Zie| ASEZN XS M= S
91 Eco-hydrologyE 0|&

NBSZ2| &z|

SEtoll MefA 2|(SR=E, WX SB)E
oA

MEfA 2L ME, EY, 8, SES> U=
2t M7joll Mef™ MA| =g

EX0|8 ¥ EX|0|& ¥3H(Land use and land
use change, LULUC):MEj7[2] =&t 7|51 &
E71s SHEAIZ17]0ll MENE MA| 71 =2
MEfA 71S, S U =42 ALEHIA XIS (HEH
HAMH[2): S0l 2718t MERAAH|A

agl ol=at 2 MEjAMH|2AE 0|25t 25t
0{ NBS?| =&

The United Nations World Water Development Report 2018

NATURE-BASED
SOLUTIONS FOR WATER




L] A
. Remeandering 9. Installing new floodplain  12. Upland wetlands

. Large wood 10. Riparian wetlands
. Coarse sediment 11. Dry buffer strips

. Reopening side channels

. Replacing road culverts with bridges

. Removal of physical structures (dams)

. Decreasing bank slopes

13. Forest planting and revegetation
14. Green roofs and green urban areas

Energy and Climate Change

-Urban Heat Island
-Energy Use
Climate Change Habitat and Wildlife
-Water/Energy Nexus -Habitat Improvement
-Habitat Connectivity
@ Green
Community Infrastructure
~Green ,nbs
-Health Benefits Community
-Recreation space
-Property values
Water Quality and Quantity
-Water Quality (urban stormwater) Air Quality
-Flooding Gmund Level Ozone
~Water supply(rainwater harvesting) -Particulate Pollution

-Private and Public Cost Savings (lower capital -Health Effects
cost by stormwater management system)
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NILSSON et al.(20158). Ecological Restoration as a Means of Managing Inland Flood Hazards, BioScience, 68(2), pp. 89-99
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SHXY EAAE AU £gl

6.0 . ... . . .
1 3,000,000 o AmEEE —o ma omEIE + Agricultural activities: LULUC with the highest water usage and use various
- -o- SE(m’ -0 3 E(m - .. .. s .
. 140 " & 500000 ‘o fertilizers, herbicides and pesticides = algal blooms and fish kill for surface
i 5 -7\ water, and NO3-N pollution for groundwater
g 10.0 == ? 2,000,000 f -,“
:_» 80 A ; 1,500,000 I" \. SO About 41% of Korea's water usage (including stream maintenance water)
R e B %0000 1 Tt o for agricultural purposes = need introduction of a fee system and
£ 0 ):: " _a-F-E-aT application of NBS for water security in Korea
20 & 500000 6 =@
0.0 Ko & 250
2007 2008 2009 2010 2011 2012 2013 2014 2015 0 .
2007 2008 2009 2010 2011 2012 2013 2014 2015 200
L ]
L ]
o C[HEE StXe|Z0] =A| ZHCH0f| §| ¢ Agricultural Irrigation Groundwater Recharge =
= grop irrigat[ion —  Groundwater replenishment .
= — Commercial nurseries — Saltwater intrusion control <
IOI' :I I“0|§°'|| sI'J'“ » Landscape Irrigation —  Subsidence control =~ PP I I
= - —  Parks Recreational / Environmental
. IIIOI% g." = -?- 0“ EAI LH-?-I X-IEIQ —  School yards Uses so P B it
— Highway medians —  Lakes & ponds eo o o ™ ORRRO
_E_Al‘il‘ Iélg —  Golf courses — Marsh enhancement o oleler e ®e > o
- Cem;teriels - Str:am—flowaugmentation - % 8336000 o B O CEOS OB E OEORORON OSSR ORVECI B> 2
. o =gk > A — Residential —  Fisheries <
H2 EUSE 0B X ST EE Industrial Recycling and Non-Potable Urban Uses 50
Lo Reuse - Fire protection
= ,J'E — Cooling water —  Air conditioning PN O S B G S SN P O & &S :f Py f & & &
- goilerfeed — Toilet flushing i A i N i@ ¥ TS
« Dir r ZHo|=0]f CHst ATl — Processwater Potable Reuse . &
! eCt/Indl ect H I 0“ H'_ Il— — Heavy construction — Blending in water supply

Q| 2 Q1] - B?Ziiigl’;ipewate, supply Nutrient contents in agricultural soil (OECD, Environmental Performance of Agriculture, 2013)
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Water storage continuum (McCartney and Smakhtin, 2010)

SUBSURFACE

Deep Shallow

Soil moisture

Increasing capital, environmental and social costs

and management complexity

Natural wetlands (lakes, swamps, etc.)

SURFACE ACCESS
off-take towers
Small Large

Direct, buckets,
pumps

Boreholes, deep/
shallow wells, etc.

Planting crops

T
|
|
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
|
I
|
|
|
|
I
I
I
I
I
I
I
I
I All of the above
|

|

I

Increasing storage reliability

Increasing storage reliability

» Diversification (tools,

techniques)

« Decentralization (facilities)

 Integration (management) 45

=4 £H3Y Buffer zone T

1: Denitrification
2: Nitrification
3: Assimilation (plants / microbes) 90
4: Assimilation
5: Mineralisation

Load reduction %]
8

ORGC
Gom@m}

Coz

C.J. Weissteiner et al.: Knowl. Managt. Aquatic Ecosyst. (2013) 408, 08

Nitrogen Lowrance
Nitrogen Mayer (modified)
- Nitrogen intermediate v = 14.225In(x) +38.167
# Phosphorus Lowrance
A Phosphorus Wenger

y=29.899In(x)-33.164

10 20 30 70 80 % 100

40 50 60
Buffer Width [m]

* Gascuel et a/.(2010): a reduction of 70 to 90% in the form of particulate phosphorus, and 30—50%
for dissolved nutrients with buffer widths from 3 to 10 m (slope < 6%)
«  Weissteiner et al. (2013): 33% for nitroaen and 65% for phosphorus

Table |
Widths and efficiency factors for riparian buffers and wetlands.

86 m. Assuming cautious 75%
efficiency (f) this results effectively 75%
as 86/0.75~ 115 m

Nitrogen

Estimated 75% efficiency

77 m. Applying cautious 75%
Phosphorus | efficiency (f) this results effectively 65%
as 77/0.75~ 108 m

Estimated 65% efficiency 46

o] MENS AT St ot 2/ 33
Rainfall A AHE: NIWA
“ Surface flow
A =
. Buff o| AlZ T} . N
uifer zone-=| = S N Nutrient/sediment/

ety ES0|UE2 55

< =

- SYXIY A s XI5t
SE2= 0I5t HUYHR
HHE s=xzol 710

XtE: USDA

Riparian Planting Zones

Bankfull discharge elevation
Average water elevation

Flood-prone elevation

Overbank elevation

Infiltration/ wood/
denitrification/  microclimate
| filtering

faecal inputs

Shade/ leaf litter/

%

] — ﬁ — S ORIl more Ty [ UL SRS 3]

Contaminant Buffer ~ Removal Slope Farm Buffer Reference
width (%) (%) type type
Sediment 30.5 90 2 Wong & McCuen (1982)
Sediment 61 95 2 Wong & McCuen (1982)
Sediment 244 92 Veg. Young et al. (1980)
Sediment 229 33 dairy Filter strip Schellinger & Clausen (1992)
Sediment 61 80 Grassy swale  Horner & Mar (1982)
Sediment 30 75-80 Logging Lynch et al. (1985)
activity

Sediment 9.1 85 7and 12 Grass VFS Ghaffarzadeh et al. (1992)
NO3-N, NH4-N, PO4-P 46 90% Grass VFS Madison et al. (1992)
NO3-N, NH4-N, PO4-P 9.1 96-99.9 Grass VFS Madison et al. (1992)
Sediment, N, P 9.1 84,79,73  11-16 Grass VFS Dillaha et al. (1989)
Sediment, N, P 46 70,61,54  11-16 Grass VFS Dillaha et al. (1989)
NO3-N 10 99.9% forested Xuetal. (1992)
N,P 19 89, 80 forested Shisler et al. (1987)
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NBS2| LID ¥ green infra M2

Urban area= LID & Gl

»

Forest landscape restoration to reffuce)
flood impacts, stabil

provide clean vl
- Connecting ivers to fioodplains and aquifers
-+ Captunng i oo sty
i minwaterwitn *_g
NeelHd green roofs

L

*Impeoving infiltration
using urban run-off
fle. permeabie pavement

Ly

* Providing infiltration
and bio-retention

(urban green spaces)

* Water harvesting .~

4 \
[*[Protecting and restoring reefs for\

* Hybrid solutions that contains built
elements that interact with natural

4~ Agricultural area

N
Purifying wastewater jing e
and alleviaing fooding. S fé“ pds L e 32’:?&5 N
(healthy wetlands) - N and reduce erosion
\
N \\
Protecting and restoring mangroves, "\

coastal protection and habitat '\

Conserving and protecting water sources
(ie. protected areas)

Establishing flood bypasses to
reduce downstream flooding

Growing crops across siopes
to reduce erosion and
increase ifiltration

coastalwetlandsanddunes N T\

Conserving and restoring wetiands ™,

Natural or semi-natural infrastructure provides servicdk for water
i i or similar berffits to

features and seek to enhance their
water related ecosystem services

Source: Infographic ‘Natural Infrastructure for Water Management; @ [UCN Water 2015.

T

The composition, structure, and function of natural infrastructure assets
in river basins, and the way they interplay with built 'grey’ infrastructure
will determine the primary services and co-benefits produced.

Further information can be found in UNEP-DHI/IUCN/TNC (2014).
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X2l (water resources)
oh4 ST MEfSN 0|8
YE, 22 RES U ot X088 S 57t

= Q¥ (water safety)

= Q .
£ 8t (water environment
. EAIAS MZSIR EA AL ( )
o
=
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U HEeAY N

X} (Nature)
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19 International Conference on
Diffuse Pollution & Eutrophication

Partners:
Korea Environment R
Corporation K water

the international 2 . )
water association @ Korean Society on Water Environment

Conference Topics

® Integrated Watershed Management
Agricultural Runoff

Urban/Industrial Diffuse Pollution
Nature Based Solutions, Low Impact
Development, Green Infrastructures,
Water Wise Cities, Decentralized Water
Management Systems and Ecological
Design

Integrated Coastal Watershed
Management

Soil and Groundwater Contamination
Reservoir and Surface Water Bodies
Issues

Public Participation and Sustainable
Development Issues

Policies, Governance and Education on

Call for Papers

Diffuse Pollution and Eutrophication
® Climate Change Adaptation and
Mitigation
27-31 OCTOBER, 2019 ® Ecological Health Issues
JEJU, SOUTH KOREA ® Rainwater Harvesting

Diffuse Pollution and Eutrophication
Monitoring and Modeling

Important Dates
[ |

15 September 2018 First Announcement

www.iwadipcon2019.org

For inquiries, please contact us
through:
iwadipcon2019@gmail.com

Launching of

15 October 2018 N
conference website

Launching of online
submission system for
for abstracts

Szo| wEY 22| XIS Y% A2 75 L ¥ wol

and early bird 53
registration deadline

15 November 2018

1 February 2019

1 August 2019

. KNU NPS Research Team © 2016
ainKorea21PLUs

LID/ GS| Research Team
Prof. Lee-Hyung Kim, Ph.D. Jean Margaret Mercado
Soyoung Lee, Ph.D. Jevelyn Tobio
Marla Maniquiz-Redillas, Ph.D. Soyeon Moon
Cheolmin Kim Gigyung Yu
Hyungun Son Precious Eureka Flores
Jiyeon Choi, Ph.D. Taegyun Noh
Changguk Kang Soyoung Lee
Jeongyong Lee Hyeseon Choi
Joan Gorme Jechan Jeon, Ph.D.
Soonseok Kim Jawara Christian Alihan
Jungsun Hong Minsu Jeon
Franz Kevin Geronimo Miyoung Lee
We wished to acknowledge the support of our
research funding institutions:
wew N o KEITI
F -C S I-Ef!f Please send all correspondence to
S @rmemtrmons @ ene leehyung@kongju.ac.kr
[Tmee, KRR Qo
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