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Restoration of Tidal Flats Damaged by Sea Dike Construction

Jong Myung Kim

Department of Ecological Engineering, The Graduate School,

Pukyoung National University

Abstract

Tidal flats' are breeding and nursery grounds for. mollusks and fish.
They also have function of water purification and characterized by a high
productivity that supports important coastal fisheries. However, many tidal
flats were reclaimed for agricultural land, industrial sites and urban areas
and so forth. Especially-the reclamation site where constructed sea dike
have damaged not only the. tidal flat but-also the neighborhood of site.
Therefore, this study provides a-specific restoration plan. The plan starts
to research the status of damaged tidal flats through sea dike
construction and hydrologic restoration by dike removal or section
breaching. Then soil improvement and organism introduction should be

considered.



1A 3,905 ke UERgto}, 20031 S|katae)l 2abelA Aol W
< 2,550 k2 YeEh Aol M3 FolEak e FA ot (Bl AT,
2003a). °]#3 FAE AR u, 2020 dl= <F 1,700 ki o] 5] A o]
G 2L dSE 5 ATH(F, 2001). AA} 22 NRAF FF=e et 3
Ao Wiyt ok, A 5o A F shuel SEvete] AY wH v
TECl AFEHAA 2 Rolth

2 HEAHQ] 2 iR wE-hE ARG Asts, s A AR
T A #Ey gEo oy EAAS oprsdth. ol HEIHET
olve} ZRISE Ao 7he s thal AZsks A77F Hda, A
of et Ao AES tHLA Ak 53] STt WEA I

d



nhzA A

st

53]

o
=
a A

g Agstel A

& HEZEA|

=13
s

e

olet ¥

A

z=

H}

TN TN,

=
=

o

oA A 3=

o

ZFATL, 2007). ol#H 3 A

3

By

37

237

To-

o}

%

A

1

71915} To] we oA}

ol #

m
=

g efA o] Be

)

&

o] &

o] Xa=a Ut

M= Hds] B Ado] AT HAZ 1

B
o

i

U

FSATE.

J

&t =}

3]

of 2 o] Fojxl A

A A

qell o

Z

A

F71 f1siM =

B

H
=

—~
o

oj



%l

ToM= WwEA HE=

%l

SE BN EN

02, gxA 4=

47

FSA .

J]

bz

o

A

I =

1o

=
=3

=]
R

KR
L

ol¢} &

skarzl sk

A Al

A,

sl #}

Absdel 7]

2]



II. o] WA

1. A (Tidal flat)

7b A9 A9

Adeld [Eg7l EUE= BISZRg a7kl ol BHESA A
2’ (www.encyber.com), & Aol HIBEE Yo oy AHE Ade
FARE Efue AVEEA Higo] Ref M2 o]folx PP A F
I o] Aolxo] (AL, 2001). HEgE 5

ARAYNN FAE B8
EE 947t 97A BE dAHoR 1 ¥US da JE AgezA )
F5A B AdFAR PRI 2 Fodes e izl 5943}
Awo] Hafe AANOZRE HEAll 49U H Awo] Hape AAM7

o] vl s,



Fig. 2.1 Tidal flats in Korea.
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Fig. 2.2-Features of tidal flat.

(Redrawn from Mitsch and:Gosselink, 2000)
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Table 2.1 Ecosystem function and values to human society of tidal flat

Fuctions Values

Foraging for-fish, crabs, and birds, and
Epibenthic and benthic production support of food-web, fisheries, and
wildlife

) ) ) . Food for herbivores, support of
Primary production via benthic algae ) o
fisheries and wildlife

) ) ) Support of primary production and
Nutrient regeneration and recycling .
fisheries

. . . . Improve water quality and counter sea
Sediment filtration and trapping )
level rise

(Short et al., 2000)



Table 2.2 Ecosystem services provided by or derived from tidal flat

Services Comments and Examples
Provisioning
Food production of fish, algae, and inverterbrates
Regulating

Climate regulation

Biological regulation

Natural hazards

regulation of greenhouse gases, temperature,
precipitation, and other climatic processes;
chemical composition of the atmosphere

resistance of speeies invasions; regulation
interactions between different trophic levels;
preserving fuctional diversity. and interactions

flood control; storm protection

Cultural

Spiritual and inspirational

personal feelings and well—being

Recreational opportunities for tourism and recreational activities
Aesthetic appreciation of natural features
. opportunities for formal and informal education
Educational 4 n
and training
Supporting
Biodiversity habitats for resident or transient species

Soil formation

Nutrient cycling

sediment retention and accumulation of organic
matter

storage, recycling, processing, and acquisition of
nutrients

(Millennium ecosystem assessment, 2005)
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Fig. 2.3 Geographical distribution of tidal flats in Korea.
(3] F4H, 2007a)
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Table 2.3 Tidal flat area by administrative district

Tidal flat Tidal flat
Administrative district area Administrative district area
(k) (k)
Jung—gu 202.7 Pyeongtaek—si 18.7
Ganghwa—gun  234.6 Ansan—si 64.6
Incheon ; —q]
Ongjin—gun 299.8 Gyeonggi Hwaseong—si 68.7
Gimpo—si 25.8
Total 737.1
. Total 177.8
Boryeong=si 44.5 Gunsan—si 30.9
Seosan—si 65.3 Gochang—gun 70.9
Jeonbuk
Seocheon—gun 68.8 Buan=gun 30.2
Chungnam Hongseong—gun 13.3 Total 132.0
Taean—gun 143.6 Mokpo—si 5.7
Dangjin—gun 31.8 Teosl gl 40.4
Suncheon—si 26.4
Total 367.3 )
. Gwangyang—si 15.7
ut A <l Goheung—gun 81.6
Jinhae—=si 1.3 Boseong—giin 37.3
Tongyeong=si 8.7 Jangheung—gun 25.0
Sacheon=si %383 Jeonnam Gangjin—gun 2.9
Gyeongnarn Geoje—si 6.6 Haenam—gun 64.4
(Busan) Goseong—gun 95 Muan—gun 146.5
Yeonggwang— 130.1
Namhae —gun 20.5 s
Wando—gun 64.8
Hadong—gun  11.8 Jindo—gun 31.8
Busan 27.2 Sinan—gun 344.8
Total 118.6 Total 1,017.4

() FF4HH-, 2007¢)
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34.428 kit wro] kPR F 2 FHrIE 3 QTS A, 2001c¢).

Table 2.4 Number and area of reclamation(1980~2006)

License Completion
Classification
Number Area(lar) Number Area(kr)
Total 350 1,414.242 193 139.358
Industrial Area 19 309.827 71 40.533
Urban Area 160 106.682 100 11.334
Agriculture Area 26 970.737 7 84.639
Power plant Area 18 15.669 9 2.062
Waste treatment
7 8.924 2 0.523
Area
Others 20 2.403 4 0.267

(3l F54HH-, 2006)

Seuete Ay wAe WA ola) WA PaHoIfow, Fig
24% et AW BaFAE YeEle 2ol A%
-2 19644 3,905 km, 1979 3,102 k', 19873 2,815.4 ko™, 7} &

W 549 W

e

9] 2003 ZAFAAE 2,550.2 k2 ZAFE Q) o] H 3 F=Agtd 20209
= oF 1,700 kire] A wko] =18 Ao 2 o=H, o= gt Ao
AZFsHA S oS YERAT(E, 2001).
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Table 2.5 Status of sea dike

Administrative NO'. of Area Sea dike Tidal shice
district prlfrjlia (k) Line Length Place Each
(km) gate
Total 1,594 1,531 1,956 1,130.9 2,189 4,246
Busan 2 1 4 5.4 5 6
Incheon 108 54 158 140.9 166 318
Ulsan 1 = 1 0.2 2 5
Gyeonggi—do 48 20 117 84.8 111 227
Chungcheongnam—do 280 462 311 168.7 368 613
Jeollabuk—do U 167 65 117.7 121 232
Jeollanam'—do 960 801 1,132 5544 1,258 2,518
Gyeongsangnam—do s 7 26 168 58.6 157 327
Jeju—do 1 s = 0.2 1 -

(F#" %, 2007)
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Tidal flat

Fig. 2.5 Tidal flat damaged by sea dike construction.
(Redrawn from Mitsch and Gosselink, 2000)
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Tidal Flat

Functign
Replacement —
P e ...,_‘\
N Original %
Restoration, Y, TidalFlat of
;*:r‘.\"-r-u--""
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Rehabilitation__,f _,..-"'
#”- ‘-‘u;
Disturbance A
L Y Tidal Flat ,l
N #
o
=%  Tidal Flat
Structure

Fig. 2.6 The contrasting approaches to the restoration of tidal flat.
(Redrawn from Bradshaw, 1997)
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Table 2.6 Examples of ecological engineering approaches for ecosystems

according to types of application

Ecological Engineering approaches

Examples

1. Ecosystems are used to solve a

pollution problem.

2. Ecosystems are imitated or copied to

reduce or solve a resource problem.

3. The recovery of an.ecosystem is
supported after disturbance.

4. Existing ecosystems are modified in an

ecologically’ sound way.

5. Ecosystems are used for benefit

without destroying ecological balance.

Phytoremediation

Wastewater wetland

Forest restoration,

Repacement wetlands

Mine. land restoration
Lake resteration

Selective timber harvest

Biomanipulation

Multi species aquaculture

(Mitsch and Jorgensen, 2004)
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Table 2.7 Restoration guidelines

Conceptual Planning

Identify the project site location and its boundaries

Identify ownership

Identify the need for ecological restoration

Identify the kind of ecosystem to be restored

Identify restoration goals

Identify physical site conditions in need of repair
Identify stressors in need of regulation or re—initiation

Identify and list the kinds of biotic interventions that are
needed

Identify landscape restrictions

Identify project—funding sources

Identify labor sources and equipment needs
Identify biotic resource needs and sources

Identify the need for securing permits required by government
agencies

Identify permit specifications, deed restrictions, and other legal
constraints

Identify project duration
Identify strategies for long—term protection and imanagement

Preliminary Tasks

Appoint a restoration 'practitioner who is in charge of all
technical aspects of restoration

Appoint the restoration team
Prepare a budget to accommodate the completion of preliminary tasks
Document existing project site conditions and describe the biota

Document the project site history that led“to the need for
restoration

Conduct pre—project monitoering as needed
Establish the reference ecosystem-or "reference"
Gather pertinent autecological information for key species

Conduct investigations as needed to assess the effectiveness of
restoration methods and strategies

Decide whether ecosystem goals are realistic or whether they
need modification

Prepare a list of objectives designed to achieve restoration goals

Secure permits required by regulatory and zoning authorities
Establish liaison with interested public agencies

Establish liaison with the public and publicize the project
Arrange for public participation in project planning and
implementation to fulfill cultural goals

Install roads and other infrastructure needed to facilitate project
implementation

Engage and train personnel who will supervise and conduct
project implementation tasks
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Table 2.7 Restoration guidelines(contd.)

Implementation Planning

Describe the interventions that will be implemented to
attain each objective

Acknowledge the role of passive restoration

Prepare performance standards and monitoring protocols to
measure the attainment of each objective

Schedule the tasks needed to fulfill each objective

Obtain equipment, supplies, and biotic resources

Prepare—a budget for-implementation tasks, maintenance
events, and contingencies

Implementation Tasks

Mark boundaries and work areas
Install _permanent monitoring fixtures

Implement restoration tasks

Post—implementation Tasks

Protect the project site against vandals and herbivory

Perform post—implementation maintenance

Reconnoiter the project site regularly to identify needs for
mid—=eourse corrections

Perform monitoring as required to document the attainment
of performance standards

Implement adaptive-management procedures as needed

Evaluation and Publicity

Assess monitoring data to determine whether performance
standards are met and project objectives are attained

Conduct an ecological evaluation of the newly completed
project

Determine whether cultural project goals were met

Publicize and prepare written accounts of the completed
restoration project

(SER, 2005)
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Fig. 2.7 Systematic approaches torcoastal ecosystem restoration.
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Table 4.1 Area of restoration project site

Agricultural Aquaculture
Administrative & Impoundment Salterm d
district land (ki) (ar) pond
(ki) (k)
Total 1,531 439.27 51.60 6.62
Incheon 108 0.43
79.02 4.37
Gyeonggi—do 48 0.2
Chungcheongnam=do 280 129.04 8.14 1.58
Jeollabuk—do 57 133.2 4.73 1.95
Jeollanam—do 960 85.81 34.36 2.53
Gyeongsangnam—do 137 = - 0.07
Busan 2 12.2 - -
Ulsan 1 - - -
Jeju—do 1 - - -
=) o]:/\)\],}:l
Reference FHHE(2007) &HF(2005) OH(;(';(‘)Z)T S A2 (2008)
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Table 4.2 Three approaches and consideration in tidal flat restoration

Factor Approaches Consideration
Hydrology Reintroduce tidal action Dike
Non—living
) environment
Tidal flat ) ] ) Slope, substrate,
Soil Remove or fill of soil )
ecosystem elevation
Living . Succession or introduction of
. Biota . Fishery products
organism target species
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Table 4.3 Hydrologic restoration methods

Methods Location Description Reference
) Dike removal to restore
Washington, U.S. ] NOAA(2004)
tidal hydrology to system
NOAA(2004),
Dike removal Oregon, U.S. Dike and tide gate removal Cornu and
Sadro(2002)
Scheldt Esturary, Dike removal by natural Eertman et
Netherland disaster(storm) al.(2002)
Culvert pl t,
Florida, U.S. LD ceren NOAA(20082)

Bridge installation

Williams and

California, U.S. Holes in the “dike Faber(2001),
NOAA(2008a)
Dike breach; ticut, U.S Tide gate removal \Varren et
onnecticut, U.S.
8 al.(2002)
Oregon, U.S. Gray et al.(2002)
Dike section breach
Washington, U.S [hom et
T al.(2002)
Jang je.do; Korea Bridge installation WWW.]0Ins.com
Water control e Use of a self=regulating-tide NOAA(2004,
Louisiana, U.S. L .
structures gate to regulate tidal flushing 2008a)
New I Hi NOAA(2000),
ew Hampshire,
Siz ¢ U Sp Culverts be placed or enlarged Boumans et
izing o .S. 21.(2002)
culverts . . .
. Dike breach with wider Warren et
Connecticut, U.S. .
culvert(culvert resized) al.(2002)
Algks
Shiwha, Korea _
Open tid v 291 93](2008)
en tide
Tide gate management
gate Connecticut, U.S Warren et
T al.(2002)
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(c)

Fig. 4.2 Hydrologic restoration methods (a) Dike removal, (b) Culvert use,

(c) Open tide gate.
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—

Fig. 4.3 Conceptual model of tidal flat evolution with-time since breaching.
(Redrawn from Williams and Orr, 2002)

Table 4.4 Soil restoration methods

Methods Description Reference
Williams and
Do nothing Natural process Orr(2002),
NOAA etc.(2003)
NOAA(2000),
Elevation manipulation “Use-dredged material to build Neckles et al.(2002),
/ Sediment grading up- the elevation Cornu and Sadro(2002),
NOAA(2008a)
NOAA(2000),
) ) Facilitate the transport of Thom et al.(2002),
Tidal channel creation .
seawater Williams et al.(2002),
NOAA(2008a)

. Use erosion prevention techniques(e.
Erosion control P . ) a NOAA etc.(2003)
g. cover vegatation, fiber blankets)

. Use of different treatments with
Soil amendments . . NOAA(2004)
soils such as mixing
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Table 4.5 Characteristics of tidal flat soil

. . Ignition
Grain Size L SCOD AVS S
0SS ope
(¢) (mg/gdry) (mg/g-dry)
(%)
Hampyeon
é)y £ 6.0~8.0 1.0~6.2 292~1284 0~0.379  1/1850~1/2300
ay
Gangjin Bay - 5.5~9.5 8.63~29.69 0~0.64 1/260~1/280
Jeungdo - 2.6~5.6 3.55~22.27 0~0.28 1/592~1/3175
Abhaedo - 3.1~6.1 2.29-24.77 0~0.25 1/900~1/2150
Suncheon
7.6~9.1 2.8~6.7 4.18~25.02 0~0.65 -
Bay

Saemangeum = 2.6~6.3  0.12~325 0.65~6.20 0.001~0.154 1/100~1/1500

Doam Bay - 2.9~6.9 131-1490" 0.01~0.37 -

Range 2.6~9.1 OML2=0l5 WGBSR 0~0.64 1/100~1/3175

2 e o] AP EFS S FTAHE(1999, 2000, 2001a, 2002, 2003a) =
ALS B3] Table 4.59F 2o] Y= 2.6~9.1g, IL(%) 0.12~9.5, AZACOD(mg/g
dry) 0.65~29.69, AVS(mg/g-dry) 0~0.642] HME 7[R &= Ao E Vet on,
Ao B¢ 7Hl 1/100~1/31759] W E zte=t}. o] HeEL AYESE
A Alell 7]Fo] 2 F Jdon, BAAF oA

28 bssich
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Table 4.6 Process, equipment and characteristic of top soil removal

Process Equipment

Characteristic

Dozer

Bucket Dozer

Scarper + Push Dozer
Shovel
BackHoe
Track Loader

Cutting

Trencher

Excavation, Short distance

portage

Excavation, Short distance

portage

Excavation, Portage
Excavation, Loading
Excavation, Loading
Excavation, Loading

Small-area excavation

Dozer
Wheel*Loader
Loading Power Shovel
BackHoe

Clamshell, Drag Line

Loading
Earth loading
Earth loading
Earth loading

Earth loading

Dozer

Bucker Dozer
Soil Transport Seaper
Loader

Trolley

Short distance
Short distance
Medium distance
In boundary

Small scale reclamation
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SAFA HEAYA JdstE egHAE F4 /1FS IN, TP, A

COD, ZEx%, &3t=9 57 &5 F 2~37) °]

Table 4.8 Dredge criteria at impoundment

A (A 8hs], 2007), 1 7]

[e)
o
S AR gxA A fa 24" "grsol A& £

No. Contents Range
1 TN(mg/kg) 1,600~3,000
2 TP(mg/kg) 700~1,000
3 SCOD(mg/g) 20~40
4 Ignition Loss(%) 10~20
5 AVS(mg/g) 1.0

(F25A953],2007)
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(a)l -

. T

(c)

Fig. 4.4 Soil restoration methods (a) top soil removal, (b) dredge, (c)

dredge material use.
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Table 4.9 Questions for salt marsh design

No. Questions

1 Should the site be filled?

2 Should fill be removed?

3 Should a levee breach and outboard channel be excavated?
4 Should wave breaks be constructed?

5 Should bayfront levee be lowered?

6 Should the new tidal channels be excavated?

7 Should the pre—existing drainage system. be modified?
8 Should the site-be graded to encourage panne: formation?
9 How should the wetland—upland transition be designed?
10 Should soil be treated?

11 Should plants be planted?

12 How do we provide habitat features for target species?
13 How-should public-access be provided?

14 How should-we integrate flood management issues?

(California State Coastal Conservancy, 2004)
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Fig. 4.9 Classification of sea dike with benefitted area and

length(log—scale).
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Table 4.10 Characteristics of each type

Type Type I Typell Typelll TypelV
] 19 25 88 24
No. of dike
(12.2%) (16.0%) (56.4%) (15.4%)
av. length
409.4 339.6 2,877.2 985.7
(m)
av. benefited
159.5 39.5 1,947.8 42.3
area(ha)
av. watershed
1,484.6 331.5 57,589.8 441
area(ha)
av. storage capacity
5,072.1 1,000.5 34,291 782.6
(1,000ton)
av. completion“date 1946 1948 1957 1945
benefitted area(ha)/
0.53 0.12 1.06 0.05

length(m)
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