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Channel Rehabilitation:
Cheonggyecheon, Korea

Cheonggyecheon restoration involved the
rebuilding of a 10.9 km long waterway,
replacing the heavily polluted gully covered
under concrete highway. Construction took
place from 2002 to 2005, costing
USDS281million.

Source:
http:/ /chgpnggye.seoul.go.k
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Channel Rehabilitation:
Bishan-Ang Mo Kio Park and Kallang River, Singapore

This is one of the flagship
projects under Singapore’s
ABC (Active, Beautiful and
Clean) Waters Programme,
which transformed the
concreted Kallang River into
_ a meandering, near-natural
befdve c ATELIER BREISEIY river crossing the entire
park. Construction took
place from 2009-2012, and
the project budget was
Euro€39million.
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2015 Policy Address

Water-friendly Culture and Activities

We will adopt the concept of revitalising water bodies in

large-scale drainage improvement works and planning

drainage networks for NDAs (new development areas) so

as to build a better environment for the public.
(Paragraph 181)




The Ecology of Hong Kong and its Streams

Conventional perception
of Hong Kong............ .

However, it has a variety of habitats: forests,
waterfalls and streams, farms, etc...




Characteristics of Hong Kong streams

» Steep and short (many without a
distinctive middle course)

» Contrasting wet and dry seasons
» Streams are densely distributed.

» Several tributaries/sections are
ephemeral.

» Poor drainage during the dry season,
specially the ones with discrete
pools/flat terrains.
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Status of Hong Kong streams, gsovernment policy and societal views

» Former engineering practices advocated desighs that
minimize flood related hazards.

» With the changes in socio-economic conditions, public tend to
look for more natural looking waterways; DSD the custodian
of most of the regulated lotic waters has taken the initiative
to incorporate eco-friendly features. (2015 Policy Address)

» For more ecological friendly features and sustainable river
channel designs, new research is needed.
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What’s the problem here?

Two major interactive
pathways (at least) are
disturbed:

No lateral (stream-floodplain)
and vertical (stream-aquifer)
connections

No flora/fauna, especially
macroinvertebrates such
as shredders, grazers
No proper nutrient
decomposition along the
stream

Thus river continuum
concept doesn’t satisfy

Thus four dimensional
framework concept /
spatiotemporal hierarchy
doesn’t satisfy

No flow-landscape
interaction
No cycling of nutrients
even in the low flow
hydrologic landscape

No biodiversity in the
boundary of terrestrial
and freshwater system
No flora/fauna in both
low/high flow flood
plains

Thus flood pulse
concept doesn’t satisfy

Thus boundary /
interface perspective
(concept) doesn’t

satisfy

Hydraulically excellent,
Ecologically dead!!!!
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Restoration Concepts

“The science and practice of river restoration” (Wohl et al. 2015a)

» Common restoration approaches

» Structure-orientated approach:
Restoration by engineering a river to an identified form that has been lost
(e.g. meandering).

» System function approach:
Restoring a desired process in the river system, and the system is allowed
to develop in response to the restoration.

» Hybrid approach:
Restoring a crucial element of the river’s structure and function (e.g. pool-
riffle sequence), and the system is allowed to evolve.




Figure 1. CMP Open Standards Project Management Cycle Version 3.0
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Project Objectives

1. Maintain flood control function and sediment
balance, supply organic matters to downstream
reaches;

2. Establish appropriate pools, riffles, in-stream
covers and sediment which support
macroinvertebrate and fish colonization;

Establish appropriate controlled habitats for
submerged, floating and emergent flora;

Enhance overall water quality, especially at the
downstream reaches where anaerobic conditions
exist;

Provide a basis for future rehabilitation work and
prepare of guidelines.

If no

Restoration Goals

Detailed stream eco-hydraulic assessment

Design of the in-situ eco-channel model
L and laboratory physical model

Analysis using in-situ eco-channel, physical and
numerical models

Is the ecological enhancement satisfactory?

If yes

Is flood safety acceptable?

Actual rehabilitation work




Ecological Assessment

» To understand the existing condition and site characteristics, and provide

baseline information for future comparison.

Twice every year

dry season(Jan-Feb)

wet season (Jul-Aug)

Sampling sites (total 20 sites)

A1-A10 (natural stream bed sections)

D1-D10 (concreted channel sections)

Measurements

Physical /
Geomorphological

Chemical

Biological

flow depth, velocity,
width, Froude number,
pool and riffle
distribution, etc.

pH, conductivity,
turbidity, DO, nitrite,
nitrate, ammonia,
reactive phosphorous,
sulfate, sulfide, TS, TSS,
chlorophyll-a, etc.

benthic algae,
submerged and floating
plants, emergent plants,
riparian vegetation, fish,
avi-fauna, benthic
macroinvertebrates,
diatoms, etc.
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Sampling Sites A1-A10
Natural Stream Bed



Sampling Sites D1-D10
Concreted Channel



Water Quality Results
(2014-2015 averaged)

» Contrast between
A-sites (natural bed, except A8)
and D-sites (concreted channel
sections)

» Within the D-sites:

» Less polluted: D6, D8, D9 and
D10

» More heavily polluted: D2,
D4, D5, D7
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Water Quality
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Sections (Upstream)

» Characteristics
» Examples: D8-D10
» Connected to a high quality upstream.

» Better water quality than other channel
sites and some several natural stream bed
sites.

» Appearance of macro-invertebrate species
with low pollution tolerance, and fish
communities.

» Recovery after flood events and/or change
of season.

Crested Myna community™ =
(D10) o

» Rehabilitation Opportunities

» Consistent flow rate and water depth in the

low flow channel through all seasons.

Natural supply of organisms from upstream. et hbus

Pollution is low (Chinese Pond Heron) (D10)

Likely to be self-sustainable.




Sites D8 - D10

>

Physical heterogeneity in
channel is higher than
other D-sites

» Pools, meandering

embankment.

Connected to a natural
stream with good water
quality (the Hung Shui

Hang Irrigation Reservaoir).

Human activities is
minimal

» Pollution is relatively
low.

» Generally rural
environment.

Vegetated Embankment Meandermg Channel L"

Fast, shallow.flow .
AP TNS B Y
‘ »”

Downstream Upstream (Furthe

\ Trees along the channel

S —‘VH‘
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D10 D10
(Downstream) (Upstream)



Sites D8 - D10

Macroinvertebrate Identification Key
GROUP 1 - Very Intolerant of Pollution ]

Melanoides spp.

very »ﬂf makes a case from
J small | 1 .:-’1, L
e 0
3 tails o, i
oY [
=
Riffle Beetle
Stonefly Nymph Mayfly Nymph Aduit & Larva
T N £ must be
e s S L alive
large head & i {_: T like a & "‘\
2 pinchers 5 : suction nght— o
. P Handed A
Dobsonfly vty )
iR Water Penny Larva Snail Y
[ GROUP 2 - Moderately Intolerant of Pollution |
/deh-lka tails Y o “" ﬂcrt.nud
=) S
Damselfly Nymph

us! visible head

Y} & prolegs
| GROUP 4 - Very Tolerant of Pollution | \’
(G '"ff'ivf"-_l.:‘_‘ Rat-tailed ""“’”‘%:Q LR b
A@ e\ W Sead worse ) Palaemonetes sp. (freshwater shrimp);
uatic Worms Snail . . .
0 R e, Location D8 (Left: lab; Right: field)




Sections with Pollution Tolerant Species (o A e

,/ ir/ ‘ _‘ﬂv:"' 1 l 4 1] l y
R
° ° / / J". e //
» Characteristics Vol Y/ A« 3 e A
\‘:i’/ ?u.\ A 4_‘ A9
» Examples: Sites D4, D7. /j( *-‘/ -4 ‘

» Relatively downstream, and received domestic and/or
industrial pollution along the channel.

» High nitrogen, sulfate and phosphorus; Relatively
low DO.

» Abundance of filamentous algae.

» Appearance of macro-invertebrate species with medium o
to high pollution tolerance, sometimes Tilapia fish.

. -*. ¢

.g;r

& Tilapi'a Caugh‘t atﬂ D4‘(I5ry2014) (released ‘éfter\‘&ard)

; '

| Algae washed by the
| flow after a trial
deflector was installed

» Efforts on pollution control and maintenance is s , e, ! (in-situ experiment,

essential. | 24Sep2015)

FORUM

» Rehabilitation Opportunities and Challenges
» High nutrient content for plant growth.

» Instream structures (e.g. deflectors) may improve
habitat complexity, DO content and algae control.




Sites D4 and D7/

X

Macroinvertebrate Identification Key

GROUP 1 - Very Intolerant of Pollution

Riffle Beetle ;
HayfivcRympR Adult & Larva Caddisfly Larva
T 2 \-’7“‘-:‘ - £ must be
s e 5 looks S A alive
P £ = like a 53
E S g svction Right-
- o o Handed .
Larva Water Penny Larva Snail ]

makes a case from
twigs, rocks, /uves

GROUP 2 - Moderately Intolerant of Pollution

Dragonfly
Nymph

\

no tails

o

Nattened

Planaria

2 eye spots
& vary small

Black Fly Larva

GROUP 4 - Very Tolerant of Pollution

segmented

100

must be «
alive N
= Rat-tailed
Maggot llood Worm
Hnndod dge Larva
Snail

\ Nn ul Wal

Pomacea spp. (Apple
Snail) and eggs

Chironmidae larvae
(non-biting midge -
larvae) '

pal- -
Planorbidae (Ramshorn snail)

Hirudinea (leech) Tubifex tubifex (red worm)



» Characteristics
» Sites D1 and D3.
» Very high flow rate all year long (self-cleansing).

» Very frequent maintenance (e.g. weed control and
channel bed scrapping). 3

» Characteristics Clearing weed'é
» Sites D2 and D5. | |

» Highly polluted (e.g. extremely low DO), and/or
affected by tidal flow (i.e. D5).

» Rehabilitation Challenges

» Pollution control and site-specific rehabilitation
design is needed.

Site D5

Qg;u




Multivariate Analysis
DCA (Detrended Correspondence Analysis) Plot

» Using all data from ecological surveys in 2014-2015:
» Hydraulic variables
» Water quality variables

» Biological variables

» General Observations

» Distinction between A-sites and D-sites (with a
few exceptions: A7, A8, D8, and A10).

» D8 shares many similarity with natural stream
sections.

Qg;u
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Individual DCA plots:
A-sites and D-sites can be differentiated in terms of their hydraulics and water quality,
but not so clear in terms of biological variables.

(i.e. some of the D-type channel sections have rather high benthic richness and

abundance)
Hydraulics Variables Water Quality Variables Biologica
2014-2015 2014-2015
(2] ’ ’/
o )/ o7 g
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J OASectlon 00 ’,' 19 0.0
D Section /
A8
0.0 0.9 : : —
U Water quality variables: Conductivity, TS, O Biological variables: DPS (diatom pollution
O Hydraulic variables: Velocity, SD of depth, Nitrate, Nitrite, Ammonia, Sulphate show sensitivity), GR (Gastropoda richness) do
SD of width and Froude number show statistically significant difference between not show significant difference between A
statistically significant difference between A and D type of samples (t-test, P<0.05) and D type of samples (t-test, P<0.05)
A and D type of samples (t-test, P<0.05)




Bird Observation

Crested™Myna communitys™=
s

C opsy/c, }%ws sél//arls
(Oriental Mgb vie-Robin E51E)

Pica pica
(Common Magpie Z&8)

Spilope/fa ChinenSiS MotaCi//a a/ba Acridotheres cristatellus
(Spotted Dove £ SEHINS) (White Wagtail 5#535) (Crested Myna J\=l)




Vegetation Observation Grown along the

concrete channel:
( v
| /ri'

Benthic: Floating:

Cyperus difformis L.
| (Difformed Galingale
y ZEAUINES) (Photo at

v:.'
/-
4

7

Lemna minor L.
> (Common Duckweed ;% 5F)
(Photo at A7)

filamentous algae #4ik3E °| Monochoria vaginalis
(heartshape false
pickerelweed ¥5EHE) (Photo

Rumex sp.
(Goat-hoof )
(Photo at D3)

Sphaerotilus natans e, 8 R B 1SS

(sewage fungus EK1<E) Commelina diffusa Burm. f.

(Photo at A8) (Climbing Dayflower&i&i&)
(Photo at A5)

o ‘ l Ludwigia erecta (L.) H.Hara
SNeGERIE] AN (yerba de jicotea EMKT &

(Taro ) (Photo at A10) (Photo near YL Bypass ) .
Floodway) 0 I W

4 FORUM




Odonata Observation

Anax immaculifrons
(Fiery Emperor =121

VTR

Ictinogomphus pertinax
(Common Flangetail ZFEEEE)

7

Pantala flavescens ﬁ/’them/'s aurora
(Wandering Glider =15) . (Crimson Dropwing 1&%815)

Trithemyis 1estiva
(Indigo Dropwing 18

=) ﬁ? ;

Neurothemis fulvia
(Russet Percher #8HKi5)

Orthetrum. glaucum
(Common Blue Skimmer 2 ZE x5

= Brachydiplax chalybea flavovittata

(Blue Dasher E25a 1 ik i5)




Odonata Observation

. =
A
C@pera marginipes | asis chinensis chinensis
(dragonfly nymph) (Yallow Featherlegs A Greenwing =26 &2 9%).
Chlorocyphlgae T R 0 ke T

y | o & ;.%E%'«ﬂ,(Damselﬂy nymph)r B




In-situ and Laboratory Experiments
Proposed design

Modifications of Low-Flow Channel

FOR



In-situ experiments

Locations proposed by DSD

.....
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In a channelized stream with
bottom, placing instream str
such as current deflectors or
at strategic locations will

stream with enough and
sediment transport load ur out
pools and create pool-¢
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In-situ Experiments

In-situ experiment at site D9 (24-9-20-1!




In-situ Experiments (heterogeneity effect

- pl»':', 3 ‘ | =
S e == 1

Without deflector

With deflectors




In-situ Experiments

» Deflectors as wildlife
attraction

» fish hiding behind —
deflectors and
swimming upstream;

» Snails attaching on —~

deflectors (bricks).

s:i‘""d'




Laboratory Experiments (with sediments/2m

{» Ry = 3500 mm

1150 mm

Og;:r EXISTING MODEL

TANK

4740 mm

PLAN VIEW

SEDIMENT HEIGHT OF 150 mm AND
LONGITUDINAL SLOPE OF 0.003

e \ 5770 mm -t 1670 mm

915 mm ‘ \ 1-INCH STYROFQ

Mj PROFILE

1810 mm

RYERSON UNIVERSITY

PHYSICAL LAB EXPERIMENT
DESIGN (PLAN VIEW)

5/8” wooden boards
and sticks as support

3/8” Acrylic
sheets on banks
for water proving

\

Figure 44: Construélion process (1) of the physical model.

N

Figure 65: Sediment bed preparation.
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Figure 72: Bed profile for Experiment #B7 after 21-hour run.




Laboratory Modeling Test (partially vegetated

Gravel

Upstream smooth bed

X=0|y=0

Partially distributed vegetation patch region

Downstream smooth bed
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Experiment scenario:
Flow rate = 0.0125m?/s
Duration= lhr

Photos and preliminary results f
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Ecohydraulics Laboratory - 10m open channel

High flow hydrologic floodplain

NY._

N p : Low flow hydrologic
A% 5 L floodplain J //
\\\ / 1
g ) P&
=
High flow hydrologic floodplain
< = |
Low flow hydrologic
floodplain
<€ >

Conceptual illustration (()i’ the ecological rehabilitatio%) o
the flood channel, before (a) and after (b)

Low flow floodplain
- ———>
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CZRA % %
deflector -, "
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sediment | ' "L




» Laboratory physical modeling experiments

Summary of Deflector Experiment Design

Parameter

Deflector Type

Location of
Deflector

Channel Flow
Scenario

Sediments

Experiment Design

Gabion basket with pebbles; 40%
void

Single deflector
Paired (side-by-side)
Paired (alternate)
Wet season: 20cm depth, 60L/s

Dry season: 13cm depth, 30L/s
(from field survey data)

Unsorted sediment sample from
site A1




Preliminary Results

Single deflector
Dry season flow (0.030m3/s, 0.13m water depth)

Under this scenario:

Pebble deflector is effective (i.e. 40% void,
width=30% channel width) in forming pool and
riffle.

Blocking effect observed behind deflector
(backwater zone) but not in front of deflector.

Y(m)

: . N

U: -0.10 -0.00 0.10 0.20 0.30 0.40 0.50 0.60 (mM/s)

R

—

1 15 2 25 3

L L 1 i L 1 L L 1 L

S5 4 45 5 55 6 65 7
X(m)

7.5

Flow field at 50% water dept

U: -0.10 -0.00 0.10 0.20 0.30 0.40 0.50 0.60(m/s)

7.5

D

FORUM

D 4 45 5 55 6 65 7
X(m)

1 18 2 25 3



Preliminary Results

R

U: -0.10 -0.00 0.10 0.20 0.30 0.40 0.50 0.60 (M/S)

Single deflector §
Wet season flow (0.060m3/s, 0.2m water depth)

1 15 2 25 3 35 4 45 5 55 6 65 7 75

Under this scenario: X(m)
Pebble deflector is effective (i.e. 40% void, Flow field at 50% water d-
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Preliminary Results

Double deflectors
Wet season flow (0.060m3/s, 0.2m
water depth)

Under this scenario:

Pebble deflector is still effective in
forming pools and riffles.

Flow reversal zones appear after
each deflector.

Difference in flow magnitudes
between the deflector side and
opposite side.

Bl
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In-situ and Laboratory Experiments (on-going and

Stage I:
Open Channel Flow with Deflectors

.

Stage IlI: J
Sediment Transport e ,
Sediment a

¥

Stage lll: e "+ Washed sediment and dead
Plant Colonization % plants after rainstorm

Stage IV:
Fish Performance

6’ Stage V:
Cyclic Rejuvenation Ability

1lapia nesting on sand (D¢




Numerical Modeling Test (preliminary)

(Coarse grid)

vorticity Magnitude

(Fine grid)

River bed evolution
of gabions (deflectors
sediment transport phe
During high flow rates,
occur around edges of t
generating air bubbles wit
which may be detrimental t
and aquatic life.

To accurately simulate these
phenomenon numerically, inte
between the three dimensiona
flow field around the gabions a
mobile river bed as well as occas
air entrainment have to be pro
addressed in the numerical



Concluding Remarks

» Ecological assessments of natural stream bed sections and conc
channel sections under different level of water quality degradati
have been conducted.

» Natural stream sections are not significantly better than concrete
channel sections in terms of overall ecological quality.

» Concreted sections with better ecological quality usually have more
diverse hydraulic features (pools and riffles, bed roughness,
meanders, etc.) and/or connection to better water quality and
sediment quality upstream.

» The present results are interesting as well as important, as the stud
clearly shows evidence that the instream structure heterogeneity i
directly related to the ecological quality. This supports the origi

/ hypothesis in this project of using gabion deflectors and intro

Qo“‘ sediments from the upstream natural sections.




Future Work

» Numerical Simulation and Flood Risk Assessment
» More In-situ Experiments

» Vegetation Performance Tests

» Comparative study on other concrete channels and natural
stream sections in Hong Kong (beyond Yuen Long)




Thank youl!

Research funding from
ECF: 39/2011 and RGC: PolyU 5273/12E
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Restoration Concepts

“The science and practice of river restoration” (Wohl et al. 2015a)

» Common restoration challenges

>

>
>
>

» Examples of good restoration aims

>

Reach-scale urban restoration/rehabilitation is not effective in mitigating the ecological degradation
Limited monitoring and evaluation of restoration achievements, quantitatively and objectively
Improvement in river function (e.g. water quality and biological communities) is usually not significant

Challenge of incorporating non-scientific community into river restoration planning and practice

To adapt to important controlling factors, such as position in the watershed, surface-subsurface
exchanges, flow regime, and nitrogen concentration

To achieve the least degraded and most ecologically dynamic state possible, given the regional cont

Restoration as “returning to a sustainable state by understanding how the river works and how it
impacted”, as oppose to “restoring the river channel’s structure and form in the past” which is
feasible or desirable



