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SUMMARY

1. Title
'Strategic planning project for the development of Low-carbon Green Dredging and Reclamation

Technology |

2. Necds and purpose of this research
1) Necessity

Green reclamation and dredge technology needs to be developed based on green
growth support of government and the Four-River Restoration Project.

It requires creating added value in reclamation, dredging, design and construction
market through eco-friendly field-oriented technology for sustainable
development.

There is a need for development eco-friendly reclamation and dredging technology that
minimize induction of environment contamination.

Development of One Package Solution technology that maximize advantages of
domestic technology is also needed.

Quantitative and qualitative analysis about detail check up and validity
confirmation of application in Korea, establishment of new technology,
solution of deducted problems and achievement of technology are also
emphasized.

Practical study is inevitable for one package solution that can procure

dredging sand and disposal.

2) Importance

Green growth industry is sustainable growth reducing green house gas and
environmental pollution.

It is also clean energy and national development technology that create new
growth engine.

Basically, polluted dredging sand should be recycled or reclaimed after

eco-friendly disposal.

15
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- However, in view of the present domestic affairs such as limitation of
landfill area and huge amount of dredging sand, there is a need of
eco-friendly dredging sand treatment method which can replace old one.

- Ecofriendly reclamation and dredge technology is an alternative technology, as the

enlargement of dredge market in overseas markets for coast maintenance and

development.

[]Request of futureﬂ » [,m%?'fﬁwm]i §> Core area

[ Eneroyndependence | investigation & anayss of drecgrg sand] ¢ _ :
(Streamining of credaig eavment | Rapidty use of credging sand | e oD
[ Acaure ofrecamation techviue | Dredging sand movement system | »
[Recction of envecremental poutcn| Dredging sand ranser technology | m&@wﬁ
[wanofeoobﬁcalmmml Green energy technology ‘ :
|. Recyclng the dredoing 3 ] Reclamation system technology mhm%y

[ recyemgtetemtory | Field of ecdlogy stabling | :
[ Introduction of IT technology ] Creaton of energy compiex._ | wamr;nmw&-:um

[ Wm Ste constructon and gude | . v

pmcur-e- Inw-cagn. gre&n-mnfu;bn reclamation_ard dredge tedwnol;a:gy
~ that can lead global market in 10 years
through technology development for the next six years

Eco-friendly Efficient Eco-fi .
: . co-friendly Efficient

dredging sand dredging sand . i .

Products | acqirement ||transfer equipment]| °ci3Taton | site appication

technology technology bechooingy Sechniclogy
KEYTECH | & E ) (tote Gy “ o=

3. Contents
1) Plan

- Selected element technologies will be developed and Test bed research will



2)

3)

4.

D)

be performed.
At first step, commercialization and development of element technologies
will be done.
At second step, based on know-how, test bed research will be performed.
Analysis and proposal contents
Literature and patents will be reviewed.
Effect and function of the contents will be analyzed.
Domestic and Overseas technology and industry trends will be analyzed.
Economic feasibility and expected effect analysis after technology
development will be done.
Requests for Proposal for this project will be done.
Contents

It consists of main project and four subproject.

CORE PROJECT | %

1st STEP (Development of product & commercialization) 2nd STEP(Test bed)
TAGE
S 1st year 2nd year 3rd vear 1st year 2nd year 3rd year
(2011) (2012) (2013) (2014) (2015) (20186)

S Eco-friendly mmatmdmsl

t dredging soil site construction/maintenance g.lldclm

i :

acquirement

2 > e i Al ke g

e

{ Efficient | P Hgh efficient dredaing sof transfer technology

= dredging soil

d transfer I High efficient transfer drerging vessel module & system
(=]

W

e

I I Green reclamation systemn using reclarmation simulator

p  Eco-friendy Eco-friendly stablization of reclamation ecology

=] -] mn
m  reclamation ¥ using multi-proposal material

s technoloay _

t » Gme:m W_h— cﬁl;; %atm

p

g Eco-friendly

d dredging and

u reclamation

§  site application P Creation of energy complex, Test bed

technology

Commercialization strategy

Domestic research capability

Currently, domestic eco-friendly dredging technology level is 45%,

17
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transport and movement technology level is 30%, eco-friendly reclamation
technology is 45%, and site application technology level of eco-friendly
dredging and reclamation is 55% compared to world top class.

However, after successful completion of this project, all technology level
will increase to 80~90% to world top class.

Successful impletation of the proposed research needs teams of
multidisciplinary efforts including environmental engineers, civil engineers,

ecologists, and so on.

2) Strategy for commercialization

Commercialization strategy of each subproject is established yearly, as
product commercialization is one of the goals at the first step(3 years).
Government support for technology achievement in domestic and global
market is necessary.

The Government’s sustainable R&D investment is needed.

5. Objectives, expected effects, economic analysis, and utilization plan

1) Objectives

2)

Development of integrated management system for low-carbon green
reclamation and dredging technology development.

Enhancement of recycling ratio of dredging more than 50%.

Until 2020, 50% enhancement of reclamation and dredging construction efficiency.
Development of module type dredging vessel for transportation and
movement of dreged materials.

Development of  construction guideline(legal) of reclamation and dredging
technology.

Procurement of reclamation technology whose energy self-reliance is over
80% after construction of research park.

Technology validation through test bed/pilot test on fields.

Expected effects

Securement of dredged materials through resource recovery
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- Secured dredging sand can be substituted for landfill materials. Thus,
material supply cost can be saved more than 50%.

- Through indirect economy support effect, 50% enhancement of construction
efficiency and 15% enhancement of employment.

- There are great ripple effect about “low-carbon” and “green”
environmental elements.

- Through development of module type dredging vessel, the total value of
orders country received for overseas construction will increase by 20%
yearly.

- Automatic systems of design, landfill and transport, will be accomplished
through development of total management system.

- Costof construction will be saved and carbon emissions will be decreased ,

through efficient construction management.

3) Economic analysis

- According to dredged off the coast of Korea, quantity of under water dredging sand was
about 13~224million m3. About 89% of them are disposed to ground. If fill materials and
cover materials are recycled, it possible to fill at the cost of 77% level compared with
estimation of Samangeum Project’s long distance cost of fill(6,800krw/m3).

— Vessel's CO2 emission per year was 18,320kg/yr. Through coastal dredging, 50% reduction of
distance and landfill time, CO2 emission can be 75%(4,580kg/yr) reduction compared with
Q02 emission by long distance haul.

- Landfill by coastal dredging was 77% (6,400krw) compared with cost of long distance
landfill(8,300krw), so it takes 1.64millions to tourism complex.

- Younhap News. July, 2011

- Recycling dredged materials from coastal dredging that use nearby landfill site. It is possible
to 23% lower cost compared with long distance landfill and economic effect of 3.7billion
won(landfill cost 3.1billion won and compression of construction time 500million won) by
landfill cost reduction and compression of construction time.

- If landfill whole coastal dredging sand by the standards of Samangeum Project(landfill
18 7million m3 to industrial estate), can reduction about 35.3billion krw(Jenju Ilbo. April,

19
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2011). So Additional economic business effect and make-work program deduction. Long-term
of Samangeum project can make-work effect calculate 50thousands people, and production
effect calculate 15.2trillion per year over 2026

- Newsis. May, 2011
The market size of soil remediation was 3,383 billion won at 2008
about green landfill technology of dredging sand.
Alternative effect of technic import and reduce effect of technical gap
through ecology stabilization of dredging sand.(Until now, Korea has 50%
purification technic for polluted soil compared with advanced country).
It is very economical that has over 20% additional material cost reduce
effect through investigation and disposal technic of dredging sand and
recycle of it.
Reconsideration of business economic feasibility at Saemangeum site, Busan
site, Incheon site, through high efficiency long distance transport technology
development of dredging sand.
20% reducement of transport feul cost, through high efficiency long
distance transport technology development of dredging sand — about 0.2/
/m’ reducement of transport feul cost : 0.2/4 /m’ x 560won/ ¢ x 0.2

billion m® = 22.4 billion won.

- If we recycle under water dredging sand, by coastal dredging, we will reclaim at % expense

of the censure unit cost (6,800 won /m3) due to long-range dredging which calculates from
the Saemangum dredging project.

- 15% increase of construction efficiency about relamation/dredging technology until 2020.

— Development of technology can reduce 15% infrastructure construction cost.

- If it is possible to secure Sanmngeum site’s dredging sand, we could lower the price of the

unit transport cost 17,000 to 5907won/m3 (Kirsan, Incheon have identical effect).

89% of dredging sand dispose at ground. If we recycle dredging sand as fill
material /cover material, we could save 50% of land fill cost.

Dredging construction has normally low employment induction factor as using

large heavy equipment. Thus, through new R&D project, promote the



Il MEA =A =40NE 7l e 718eT 2uM |

employment and new industry type by fusion of civil and IT, ICT.

- There is huge economical loss caused by absence of design technology and
successive virtual dredge simulator for dredging construction.

- Effect maximization through systematic and selective dredge by properties of dredging
sand.

- Through development of construction management guide-lines, achieve the
low cost/high efficiency.

- Maintain CO; emission as 40,000 ton/yr on 1,000,000 m? of model city

constructed at dredge and landfill site(70% level of domestic newtown).

4) Utilization plan
- Application and utilization at various construction sites such as
Saemangeum site, Janghang site, Incheon, Busan, Gwangyang etc.
- After technology development, it is possible to participate in global dredge
and landfill market.

Conterts of construction e Expected
COUNTRY Narme of construction project oty | Eauipment tarting of | construction
ty period
Character (milion ) construction ) !
Taiwan KPTC Kuokuang Petrochemical Reclamation| 200 TSHD/CSD | 2011.4 60

Saudi Arabial Jazan Economic City Port Ph. 1 Dredging 45 TSHD/CSD | Undecided 30

Singapore Merbau Ph.2 Reclamationi, 12 TSHD/CSD | Undecided 12

Singapore MEGA Container Terminal Reclamation| 136 TSHD/CSD | 2013.1 60

- These technologies can be used for expansion development program of
national territory, undersea tunnel, artificial island.

- Ecological restoration technology can be utilized to secure greenspace.

@® The ‘low carbon’ technology, which is one of the main goals of this
planning project, means energy consumption reduction and high efficiency.
‘Green’ technology will develop Eco-friendly technology calling for green

technology and clean energy.
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1 AMeta =4 240iE 7|s W 7|92+ BEaA |

A =
o V& H A 7|9 Es vy 19 2k Ve dHE A 7PEE B S & AT
eg AEetal 7ew HE FHEA] G 7195E Adste] IPC I=H s} 3 OR,
AND, NEAR, ADJ 9IRS &85l 71928 43190tk
(ESIZEZAM 7|9E - X2ty ZME SH J|1&8d)
22| ARE ZAA|

(Sea, Sea(near/1)side, Marine, Offshore, Shore, Coast, Ocean, River, Lake,
deep{near/1)water) AND (Surface, Seabed, (river, Ocean, sea){near/2)(Floor,
bottom), Crater, Stratum, Strata, Ground, Soil, Clay, Sand, Silt, Rock, (fine,
Coarse){near/1)soil, ~ Sediment,  sediment*(near/2)rock) =~ AND  (Magnetic*,
Electromagnetic*, gravimetric*, prospecting, elastic*(near/1)wav*, seismic{(near/1)
XAl |exploration, Drilling, Boring, Exploration, Penetration, geophysi*(near/1)prospect®,
Sounding){near/5)(measur®, estimat*, survey, sound®, level*, detect*, sens*
test*, inspect®, monit*, supervis*, evaluat*, GSIS, GIS, GPS, DGPS,
Soil{near/1yamount, Dredge*, Ground{near/1)profile, Scanning, Laser{(near/1)
scan®, Tomograp®, Visualizat*, Electric{near/1)marine{near/1)chart) AND (GO1*,
E0*, GO6*, HO4*, GO8* G02%)

(reclaim®, dredge®, contaminant*){near/9)(Soil, Clay, Sand, Sediment, sediment®,
rock, sludge, mud, contaminant*, metal*, sewage*, sediment*, Separation®,
Bypass®) AND (leachat, eutrophicat®, transport®, pathway®, diffusion®, settling,
consolidation,  fluidiz*, clarifi*) AND (risk, hazard*, evaluat*, Visuali*,

i _E_A‘I ) ) ) : ;

ety = |Environment*(near/3effect*, ecology, Biota*, Bioecology, Investigation,
FEME Interpretation and Impact; Methods and Mitigation) AND (monitoring, management,
st Dredge*(near/2)(Payloads, increas*, Technology, hybrid*), (area*, site*){(near/2)

(design®, selection, disposal®), investigation, simulation, modelling, prediction)

(soil*, mud, contaminat*({near/1)soil, metal*, Sewage*, Sediment®, Estuary*) AND
(cement*, light{near/2)weight*(near/2)foam, lightweight*, curing®, pipe*(near/1)
mixing, solidifi*(near/2)process*, deep{near/1)soil*, DSM){near/5)(stir*, —mix*,
agitat®, blend*) AND (cement, blast{near/1)furnace*, slag*, Oyster*(near/2) Shell,
fiber, fishnet, harden*(near/2)agent, hardener, flyash, bottomash, lime, air
{near/2)bubble) AND (backfill*, reclaim*, embankment, (soil*, farmland*){near/2)
improvement, landfill*, Underground{near/2)lay*, civil{near/2) material, CLSM,
3tH  |ecology{near/2)site, park, amusement®, hydro*(near/3)cultivat*, (construction*,
industrial®){near/2)development, habitat* {near/2)restor*, beach {near/3)clean®)
AND (flocculant, float, flocculation, settle, diffusion, absorption, heavy{near/1)
metal, leachate, Acidificat®, dehydrat*, Washing, separation, classifier, Recycl*
{near/2)sand*, centrifug*, electrophores*, mobile(near/3)plant, Solubilizat*,
Plasma{near/4ydecontaminat*, capping, Thermal®{near/3)(Desorption, treatment),
Kiln*, Sediment*(near/2)dewater*, chemical®{near/3)extract*, lightweight

aggregate processing, integrated sediment®(near/2)decontaminat®)
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(Sea, marine, ocean, coast®, shore*, (off, on){near/1)shore*, river, reservoir, lake,
marshe®, underwater®) AND (Soil, water{near/1)content, concentration, particle, clay,
silt, sand, rock, gravel, (friction, slope){near/2)angle, cohesion, volume*(near/2)
chang®, unit*(near/1)weight, specific{near/1)gravity, soil{near/1) water{near/2)
mixture) AND (measur®, density*, densitymeter®, flow*(near/1)(quantity, velocity),
pressure®, pressure{near/1)gaug®, vacuum, vacuum{near/1)pressure®, rpm*, swing,
water*(near/1)depth*) AND (data, management, wireless, ubiquitous®, monitoring,
logger, computer®, image{near/transmit*, internet, CDMA, GPS, PDA, IT) AND
(auto*, productivity*, efficien®, optimaz*, management®, simulator*, warning*,
cyclednear/1)time, design®, specification®, globalization®) AND (dredg*(near/1)(ship*,
barge®, float*), dredger®, pump*, gearbox, gear{near/1)box*, fuel*, diesel*, bunker*
energy®, specific{near/2)(energy, consumption), NPSH, dredg®(near/2)(depth,
thickness®), reclamation, pipe, board{near/2)pipe, ladder, cutter) AND (hopper,
jetting, weir*, sedmentation, drag{near/1)head, anchor, barge, transport, vessel,
draft, side{near/1)arm, swelling, rainbow*, cycle*, bottom{near/1)door) AND
(water{near/1)quality, (aqua®, environmental){near/2)condition, turbidity, suspension,
settle, ecology, ecologicalsystem, heavy{near/1)metal, contaminant, essory{near/1)
foodsubstance, numerical{near/1)analysis, dredg*(near/1)water, organic{near/1)
contaminan®, cleaning®, silt{near/1)curtain, resuspension, residual®, release®)

02

Ho

(Sea, marine, ocean, coast*, shore*, (off, on){near/1)shore*, river, reservoir, lake,
marshe*, underwater*) AND (Soil, water{near/1)content, concentration, particle, clay,
silt, sand, rock, gravel, (friction, slope){near/2)angle, cohesion, volume*(near/2)
chang®,  unit*{near/1)weight,  specific{near/1)gravity,  soil{near/1)water{near/2)
mixture) AND (dredging, dredger®, fleet*, dredg*(near/1)fleet, pump, centrifugal
(near/1)pump, gear{near/1)box, gearbox,  hydraulic{near/3)valve, fuel, diesel,
bunker, energy or specific energy consumption or NPSH or dredging depth or
dredging thickness or reclamation or pipe or board{near/1)pipe, ladder, cutter,
boat, tug{near/1)boat, buoy*, measur®, density*, densitymeter*, flow*(near/1)
(quantity, velocity), pressure®, pressure{near/1)gaug®, vacuum, vacuum{near/1)
pressure®, rpm*, swing, water*(near/1)depth*) AND (data, management, wireless,
ubiquitous™, monitoring, logger, computer®, image{near/)transmit*, internet, CDMA,
GPS, PDA, IT, auto*, productivity®, efficien*, optimaz*, management®, simulator®,
warning®, cycle{near/1)time, design®, specification®, globalization*) AND (dredg*
{near/1)(ship*, barge®, float*), dredger*, pump*, gearbox, gear{near/1)box*, fuel*,
diesel®, bunker®, energy*, specific{near/2)(energy, consumption), NPSH, dredg*
{near/2)(depth, thickness*), reclamation, pipe, board{near/2)pipe, ladder, cutter)
AND (hopper, jetting, weir*, sedmentation, drag{near/1)head, anchor, barge,
transport, vessel, draft, side{near/1)arm, swelling, rainbow*, cycle*, bottom{near/1)
door) AND (water{near/1)quality, (aqua®, environmental){near/2) condition, turbidity,
suspension, settle, ecology, ecologicalsystem, heavy{near/1)metal, contaminant,
essory{near/1)foodsubstance, numerical{near/1)analysis, dredg*(near/1)water,
organic {near/1)contaminan®, cleaning®, silt{near/1)curtain, resuspension, residual®,
release®) AND (GO6*, B63*, GO8*, CO2F*, BO1*, E02*, HO04*)

31
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(sea, seaside, marine, offshore, shore, coast, ocean) AND (reclaim*, dredg*) AND
(soil, clay, sand, fine soil, sediment) AND (sedimentation, surface{near/2)elevat®,
height{near/2)(soil*,  particle),  volume{near/2)ratioc*,  (radial*,  sedimenta,
coefficient, degree){near/3)consolid*, selfweight, self{near/1)weight*,
consolidation, finite{near/2)strain, void{near/1)ratio*, initial{near/2)void*, water
{near/1)content, initial{near/2)(water*, content*), pore{near/2)(water*, pressure),
viscosity, pumpability, movability, rheological, rheology, double{near/1)layer,
vertical{near/2)drain,  evaporation, desiccation, unsaturated, crust{near/2)
thickness,  dry*(near/2)depth, shrinkage, volume{near/2)reduction,  crack,
contaminant, contamin*(near/2)transport, penetrat(near/2)test, nondestructive*,
(cone, penetrat*, non{near/1)destruct*}near/2)test, cone{near/2)penetration*,
undrain*{near/2)(shear*, strength)) AND (ecosystem, species)

M
nx
m

(sea, seaside, marine, offshore, shore, coast, ocean) AND (reclaim®, dredg®, soil,
clay, sand, fine soil, sediment) AND (leachate®, contaminant®, heavy{near/1)metal,
organic{near/1)pollutant, eutrophication) AND (rheological, rheology, transport,
simulation, numerical{near/2)analysis, PSDDF, Craney{near/3)island*, modeling,
prediction, verifcation, selfweight, self{near/1)weight*, consolidation®,
finite{near/2)strain*, (coefficient*, degree*, radial*, sediment*){near/3)consolid*,
void{near/1)ratio, initial*(near/2)(void*, ratio), vertical{near/2)drain, evaporation,
desiccation, unsaturated, crust{near/2)thickness, dry*{near/2)depth, contaminant,
contaminant{near/2)transport, window, risk, GPS, CDMA, laser, scanning,
tomography,  visualization, monitoring, field{near/3)measur*, (multifunctional,
functional®, multi{near/1)function*){near/3)(penetrat*, facility), (penetrat®,
nondestructive, non{near/1)destructive*){near/2)test) AND (CO2F*, B63* FE02*
B09*, GO1*, GO6*, GO8*, H04*, B02*%)

OHEIX|

(sea, seaside, marine, offshore, shore, coast, ocean) AND (reclaim*, dredg*) AND
(soil, clay, sand, fine soil, sediment) AND (rheology, numerical{near/1)analysis,
pilot, fieldtest, field*(near/3)test*, monitoring, laser*, scanning*, CDMA, GPS ,
(total*, phase*, restrict*){near/2)placement, subsection, circulational, rotational)
AND (recycl®, reus®, regener*, reutiliz*, recover®, re{near/1)(us*, utiliz*, gener*
cycl®), dewater*, reus®, multi{near/1)function®, multifunction*®, stabiliz*, solidif*)
AND (leachate®, contaminant, heavy{near/1)metal, organic{near/2)pollutant,
eutrophication,  saline{near/3)tolerance, reformer, stabilization, solidification,
remediation, degradation, remov*, adsorption, reaction, surface{near/3)modifi*)
AND (solar, energy, photovoltaic, (wind*, power*){near/4)generat*, energy{near/2)
pile, (sunlight*, seawater*, sea{near/1)water*){near/2)(heat*, energy*), geothermal,
heatexchang®, heat*(near/2)exchang®)
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(Sea, Sea side, Marine, Offshore, Shore, Coast, Ocean, River, Lake) AND (Water level, Depth of water,
Depth) AND (Surface, Seabed, Ocean Floor, Sea bottom, Crater, Stratum, Strata, Ground, Soil, Clay,
Sand, Silt, Rock, Bed rock, Fine soil, Coarse soil, Sediment, sedimentary rock) AND (Magnetic survey,
Electromagnetic, gravimetric prospecting, elastic wave, seismic exploration, Drilling, Boring, Exploration,
Penetration test, geophysical prospecting, Sounding) AND (GSIS, GIS, GPS, DGPS) AND (Soil amount,
Dredged soil amount, Ground profile, Scanning, Laser scanning, Tomography, Visualization, Electric
marine chart)

(HICE oFd, afieh i, sS4 Aoh AND (A, A, £9) AND (XIE, oA, siX™, sidEsts, XI5, XIE
& NE, 2o, HE, bt MZE, ZZUE, EIXE E|XY) AND (KIZEAL MXII, S{EA}, EtMn), EtMOiE
AL SHRIXIE EAP| AIE, FAL BOAE, Sa|EAL 2AIEEH AND (GSIS, GIS, GPS, DGPS) AND (EAR,
=M XSHA A, 2o A, BAMSE Al2tE SialE, HXIehE)

=l
I rlon
mo oY

HA
mx
N
>

082
MO

(Soil, reclaimed soil, Clay, Sand, Fine soil, Sediment, sedimentary rock, dredged sludge, sludge, mud,
contaminant, contaminated soil, heavy metal, dredged sewage, channel sediment, Sand Separation, Sand
Bypassing) AND (leachate, eutrophication, transportation of contaminant, contaminant pathways, diffusion,
diffusion area, settling, consolidation, fluidizers, chemical clarification) AND (risk, hazard, Risk—based
dredging  evaluation,  Visualization, ~Environmental  Effect evaluation) AND (Ecology, Biota,
Bioecology,Ecology and Economy, Investigation, Interpretation and Impact; Methods and Mitigation) AND
(monitoring, monitoring management, Technology for Monitoring and increasing Dredge Payloads, hybrid
dredging, containment area design and site selection, disposal site characteristics, investigation,
simulation, modelling, prediction) AND (management actions, contaminant control measures, environmental
acceptable alternatives, Containment area design)

(& HEXE HE =2, MEE EXE, ZHE, L) AND (B, FEYUs, 2E20l5, 2832, &
. SHiEe, B, g, f38H) AND (2|23, T, FHELHST YS!, SEYLEIH AND (e,
. St et ZA|, mEh Hef, SEut 0|E[A0]M)) AND (ZUEE, ZUEZL|, FHHEIIe HLE
7&, S0IERE B, MMESTEAL} XGMY, ZHEMEXISY, ZAL ZAL 2R, o) AND (22|Al

QASAMEH, SHAXHOL S2r47)

LI e
ol

pet 0

FHE
REEMS
Il

082
Ho

ud, contaminant, contaminated soil, heavy metal, Sewage Sediment, Estuary Sediment) AND (cement

El

mixing, light weight foam, lightweight blend, curing agitation, reinforcing lighrweight, pipe mixing,
solidification processing, mechanical deep soil mixing (DSM)) AND (mixed soil, treated soil, agitated soil,
lightweighted soil) AND (cement, blast—furnace cement, blast furnace powder slag, Calcined Oyster Shell,
fiber, fishnet, hardening agent, hardener, flyash, bottomash, flyash, bottomash, quicklime, air bubble)
AND (backfill, reclaiming material, embankment, soil improvement, Underground landfill, Underground
laying, civil material, washed soil, CLSM, farmland improvement, ecology site, park, amusement infra,
hydroponics cultivating, construction/industrial development, habitat restoration,beach cleaning) AND
(flocculant, float, flocculation, settle, diffusion, absorption, heavy metal, leachate, Acidification,
dehydration) AND (dehydration, machine dehydration, Washing, separation, classifier, Recycling
SANDUNIT, centrifuge, electrophoresis, mobile plant, Washing system, Solubilization, Plasma
decontamination process, decontamination, capping, Thermal Desorption, Thermal treatment,, Rotary Kiln
Processing , Sediment dewatering, chemical extraction processing system; lightweight aggregate
processing, integrated sediment decontamination) AND(in—situ management, ex—situ management, interim
control, Solid Waste Management, sediment vitrification)

(0IE, 282, 28E, 534, s&HE, sHEM2) AND (AHESY, d27|=, da=3, defutl 22
4 UEEY, 1eX2|, JEEE) AND (BEIE, AM2E, wilE ZE) AND (AIHE HE D22Y
i1, 202, M%7, oy, F7IZEM, 1Sk, S2tojoi+l, HiEole, HIZ|, M3|, A3, 7|2E) AND (FIxH
S, THER, =X, XEH, XGHHE, XStHd, EZSMz, MAE, FSYMSMCLSM), SXIHE, Hets
X, SE, AL, £, /ML, MAXISE siHEE) AND (SEH, £&7, SE, &

54, 2 MEL L) AND (B, JI7Es, MA, 22l 2871 ZHESYI, BdEal |
z MAAR, sl ZAXDREMA, 2EMA, HHE, S, SX2|, STUEXD, FHUSME, =6t

o

=
= =T
2|, SSRTEM7) AND (RiFzta], FEelHal UAMO, nFMe|7|E|, HHEEY
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Jlat Keywords

Sea or marine or ocean or coast or shore or on—shore or river or reservoir or lake or marshes or
underwater AND Soil or water content or concentration or particle size or particle distribution or clay
or silt or sand or rock or gravel or fine soils or granular soil or slope angle or cohesion or friction
angle or volumetric change or unit weight or specific gravity or soil water mixture AND measuring or
density or densitymeter or flow quantity or flow velocity or pressure or pressure gauge or vacuum or

of
Ho

vacuum pressure or rpm or swing or water depth AND data or management or wireless communication

>
i
e

or ubiquitous or monitoring or data logger or computer or image transmit technology or internet or
CDMA or GPS or PDA or IT or IT technology AND automation or productivity or efficiency or
optimazation or management system or simulator or warning or cycle time or design or specification or

I
=

o
5

globalization stantard

B

N~
W nx

HordfQtordll Gor <torsor 5For 4 or% AND  Zor$HrH]or s or Y Eor - For H Eor A Eor 2
Hor E 2 Eor Yor Al HEor 2 H EoreH Zror A 2 & orm}-2-Zor 4l 2 or A 2 W Slor - H-ror &+ S Hor | Sor &5
AND AlZord *ord = Alorf-#or-frgror & or 48 Alor ¥ For 218 %or H-F Alor 8 A<ror 22 Yor4 A AND ]
olElor£&-ForFAENor-frH) e 2or LUE Hortlo]E] EAorAFEordA A% or Q18 Ylor CDMA or GPS
or PDA or IT or IT7]% AND AFg3lor 2 Hdor &-5or# A stor&For A& o Elor 4 Zor 57 ]or A Alor #Alor

AlA or = Al 3t

dredging or dredger or pump or centrifugal pump or hydraulic pump or gear box or hydraulic valve or
fuel or diesel or bunker or energy or specific energy consumption or NPSH or dredging depth or
dredging thickness or reclamation or pipe or on—board pipe or ladder, cutter hopper or jetting or weir
or sedmentation or drag head or anchor or barge or transport vessel or draft or side arm or swelling or
rainbow or cycle or bottom door AND water quality or aqua environmental condition or turbidity or
suspension or suspention particle or settle or ecology or ecologicalsystem or heavy metal or

082
Ho

contaminant or essory foodsubstance or numerical analysis or dredging water or organic contaminant or

M
mx
tm

cleaning or silt curtain or resuspension or residual or release AND dredging or dredger or fleet or

°
ob>
P

dredger fleet or pump or centrifugal pump or hydraulic pump or gear box or hydraulic valve or fuel or
diesel or bunker or energy or specific energy consumption or NPSH or dredging depth or dredging

k=]
Ot

thickness or reclamation or pipe or on—board pipe or ladder or cutter or boat or tug boat or anchor

b
1A
I

boat_or buoy

N
>

A or=2 Hor 8 Zor 941 Zor -4 Zor 7] o1 ¥k 2or f-5H Bor A For H Aor ™ Hor o U A or ] o L 2] & K.
orNPSHor<341 Eor <37 Alor mll Hor 7o Zor A ul| thor 8l d-tor &g 2or il & or gl or AB S or Al or 911
orAorE 1 FEorFori A or & or EorAto| = or 2~ B Hord Q1 SorAte] ZortPE =] AND 43
=22 | orFEorEEor-fr=ori-frAtor 7o % Hor B eor el Alor 5 Sror & G Eor -3 Ftor =4 s Mor =4
Fror171 2.8 Eor 4 Slor L EMIA| Wor A F-fror F i EordlEordE AND  For T4 Mor A thor 4 A chor g 2
or A1 Zor-5-38 Zor 7] o] ¥k 2or ol A or B ol L 2] A Eor 24 A Eor 24 FAlorml Hor 3Ho] Zor & Fror 2k or
ABlorE Eor Q1 dor 7 dor 7-3%
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Keywords
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(sea or seaside or marine or offshore or shore or coast or ocean) AND (reclamation or reclaim or
dredged or dredging) AND (soil or clay or sand or fine soil or sediment) AND ((sedimentation or
surface elevation or height of soil particle or volume ratio or sedimental consolidation or sedimental
consolidation curve or self—weight or self—weight consolidation or radial consolidation or finite strain
consolidation or consolidation or coefficient of consolidation or degree of consolidation or void ratio or
initial void ratio or water content or initial water content or pore water pressure or viscosity or
pumpability or movability or rheological or rheology or double layer or vertical drain or evaporation or
desiccation or unsaturated or crust thickness or drying depth or shrinkage or volume reduction or crack
or contaminant or contaminant transport or penetration test or non—destructive test or cone penetration
test or undrained shear strength) AND (ecosystem or species))

>

(81} or It or Y or MFRZF or A AND (ZFH or 4 or TAH) AND (F or "IHANE or
E or 23 or AIHE or EAE) AND (74 or AWML or A& EFHAL or FES or AAH] or 7Y
or AAGERA or A% or AU or AL A or WAL o or FEHE 4 or 9 or
UAG or SPEE or 1] or 271751] or F5H] or 2718GH] or Y or A% or e or
573 or AFEIEA or S or A& or BES} or AFEZO] or FF or AHAA or € or LPE or
A& 1% or AJMAE or HIFIAF or 2 AP or HlG AHEE) AND (BE or BEF))

122

fo Jo @

082

M
nx
HO

\J

Ok

(sea or seaside or marine or offshore or shore or coast or ocean) AND (reclamation or reclaim or
dredged or dredging) AND (soil or clay or sand or fine soil or sediment) AND ((leachate or
contaminant or heavy metal or organic pollutant or eutrophication) AND (rheological or rheology or
transport or simulation or numerical analysis or PSDDF or Craney island or modeling or prediction or
verifcation or self—weight or self—weight consolidation or radial consolidation or finite strain
consolidation or consolidation or coefficient of consolidation or degree of consolidation or void ratio or
initial void ratio or vertical drain or evaporation or desiccation or unsaturated or crust thickness or
drying depth or contaminant or contaminant transport or window or risk or GPS or CDMA or laser or
scanning or tomography or visualization or monitoring or field measurement or multi—functional
penetrating facility or penetration test or non—destructive test))

m- X o

d

(8} or &t or 3 or BIS7F or A9H) AND (ZHH or 4 or +4vlE) AND ((F or wi§ANE or A
E or B or AHE or HFE) AND (F&5F or 2982 or F55 or 77109Ed or 59%3})
AND ($%89] or fr54 or ZAF or X114 or 293 or 93 or 5 or A% or AU or AU
A or MAPEEF obd or 3PS o or U or YEAISE or YEE or 7HH] or 27)7HEH] or 4%
WA or S or AFE or BX3} or AZXZO] or L9FE or L9E olF or Y= or Y314 or @lolA or
22709 or 9748} or A2t or EUEH or @A or EFHY Y] or AAIAE or HIFIAIE or ZH
9 AlIF or HElg AEAE)

R
riot
oX
0R
HO

o X

BT R

(sea or seaside or marine or offshore or shore or coast or ocean) AND (reclamation or reclaim or
dredged or dredging) AND (soil or clay or sand or fine soil) AND (soil or clay or sand or fine soil or
sediment) AND (( rheology or numerical analysis or pilot or field test or monitoring or laser scanning
or CDMA or GPS or total placement or phased placement or restricted placement or subsection or
circulational or rotational) AND (dewatering or reuse or multi—function or stabilization or solidification)
AND (leachate or contaminant or heavy metal or organic pollutant or eutrophication) AND (saline
tolerance or reformer or stabilization or solidification or remediation or degradation or remove or
adsorption or reaction or surface modification) AND (solar or energy or photovoltaic or wind or power
generation or energy pile or foundation or sea water or geothermal or heat exchanger))

]

W ox

(k) or &It or Y or HFRZF or AAF) AND (ZFH or 4 or FAWIH) AND (5 or wWlEANE or A
E or B or AHE or HHE) AND ((F54 or T304 or ZFLZ or @FAIH or A5 or oA 2
719 or CDMA or GPS or AT or $AFZ or A& i or WIBTE or 8H13H) AND (B¢
or AEE or t1%E or A8} or 13} AND (HEF or LHED or 55 or 7719954 or FIY
3h) AND (W19 or 7N or P83t or 1183} or A3} or AIA or T2 or EH/MNE) AND(ER or olLiA]
or B4 or ¥ or T or WA or WA or 71% or H(E) or AE or FuFH)))
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0 22Y FL0Y

® 2000 ) 5of FATHR A A AP TR T ool wlste] wAsHA e
® 200839] A AIAl =viE AP 1009 F=(SF 1532) 24 20005 409 #F2(9F 6
)0l Hlste] of 2.5u09] 2SO FAE
— o kR Qlste] Pt FAE B lze} 5 Eof of 150% 4%
— ARk A AR B SliQE Bel] ik ¥ SUER b opER 48% R 93% 9
— afiok A T B oF oF 340% 3%
— 4 A A (- AT By, "ol §)S flske] 6.39 fEE A%

- 1 FYEEE TUE =4
- T TR UE SRR 5) 9 A E A =4
o 7Pl Y Al T8 v uigds, @r)o), v, Tare] £ UEhd
— g, W7o 7} giyEe] A
- T3 4% =9 CHECE THoE AFES 371 A7 U
- Tule] 79 ddizidoe]l HEHEAQ AlF Q] TSHD (Trailing Suction Hopper
Dredger) #oF AAl 79149 4 58S H{3 202 vepd

(BH 7

Owners Backhoe, Grab and f)ipper E)redgers
1 Royal Boskalis Westminster (Netherlands)

1%

2 Great Lakes Dredge & Dock (USA) 6%
3 CHEC (China) 5%
4 Jan de Nul NV (Belgium) 4%
4 DEME NV (Belgium) 4%
4 Van Oord NV (Netherlands) 4%
7 GIE Dragages - Ports 3%
7 Weeks Marine Inc (USA) 3%
9 Inai Kiara (Malaysia) 2%
9 UDL Marine Assets 2%
Y% of global capacity - top 10 44%

=€ AS SH

#2| — Backhoe, Grap, Dipper Dredger)

Jle N 71" 2aM |
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A =M ZH0E Tl ML 78S EuM 1

Owners Cutter Suction E)redgers

1 Royal Boskalis Westminster (Netheriands) 8%
2 CHEC (China) 7%
3 Van Oord NV (Netherlands) 6%
3 DEME NV (Belgium) 6%
3 Jan de Nul NV (Belgium) 6%
6 Great Lakes Dredge & Dock (USA) 5%
6 National Marine Dredging Company (UAE) 5%
8 Suez Canal Authority (Egypt) 4%
8 Penta Ocean Construction (Japan) 4%
# Mike Hooks Inc (USA) 3%
% of global capacity - top 10 55%
(=M 7|aY AZ s 22| - Cutter Suction Dredgers)

Owners Trailing Suction Hopper E)redgers

1 CHEC (China) 14%
2 Van Oord NV (Netherlands) 11%
3 Jan de Nul NV (Belgium) 9%
3 Royal Boskalis Westminster (Netherlands) 9%
3 DEME NV (Belgium) 9%
6 Dredging Corporation of India (India) 3%
7 Indonesian State 2%
7 Hyundai E&C (Korea) 2%
7 Inai Kiara (Malaysia) 2%
7 Great Lakes Dredge & Dock (USA) 2%
% of global capacity - top 10 63%

(=M 7|2Y N3 58 29 - Trailing Suction Hopper Dreders)
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AN dx IR IHC, Fo FHNER A" FAE3I(Central  Dredging
Association) & FAHoR 1007 ST 84 V&) /Mde A8slE F8ke] A Al
T8 AR AS AAstarl olom FHole FAE Ak Al Z1Estar Qi
Hse] #A 7)Ee v 3 #A4 22 I(DOTR, DOER) 7 A% (EPA), A=
=, G T =7t 71 Fiestel] A3, ddetal Slk TEXAS A&M thehe] 4 A
A3t AEFE, GIW 5] Az AT Great lakesTo] Y FHMTS BA3H 114 3
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v, A, 9 S8 A= S eSS Hat A 2.5%01H, ofroket tlEe]

5 oY e oF 8%= wEslal Qv AASL

® AlA SHEAES] dellM Aol EFHE o3t Bl Hddl sfdshs Consulting &
Engineering A& AA] A1 6%S AR5k, vid A4%e] A4S st o

® "= Consulting & Engineering A4S 1980\t o]3&2 F43] Z769om, 19995 ¢
20039704 mihd 8.0~8.4%9] 43745 ek

® ASFES] 74 2001 183.799E(2220)ol A 2003\ 194.69E(2420) 2 F718F%5 0
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11.1 9E= Z71819S.

® wj=re] A

2 gjEo} B4l Aze

A3k Felae] foks 2005 o]

=
=1

_I
M

(X|dY StZAA|E 752, 2000-2003)
Est Ann Gr
Region 2000 2001 2002 2003
2006-2010
USA 210.5 2152 2214 2274 2.4%
Western Europe 157.8 160.8 165.0 169.3 2.7%
Japan 93.7 93.3 924 93,5 2.6%
Rest of Asia 24.0 256 27.1 29.5 6.0%
Mexico 3.57 3.61 3.79 4.0 5.0%
Rest of Latin America 9.0 9.2 9.7 10.3 6.0%
Canada 15.0 15.2 15.7 16.2 2.0%
Australia/NZ 8.4 8.6 8.8 9.1 3.0%
Central&Eastern Europe 9.6 10.2 1.2 12.3 8.0%
Middle East 6.8 7.0 74 77 8.0%
Africa 3.4 3.6 3.8 4.1 12.0%
Total 542 552 566 584 3%
Source: Environmental Business International Inc. (San Diego, Calif.)
2ofe #A AR 72, 2000-2003)
Est Ann Gr
2000 2001 2002 2003
2007-2010
Equipment
Water Equipment & Chemicals | 42.0 429 437 453 3.5%
Air Pollution Control 35.2 35.3 35.7 36.6 2.5%
Instruments & Info System 6.5 6.6 6.8 7.0 3.0%
Waste Mgmt Equipment 317 32.6 33.2 33.5 1.0%
Process & Prevention Tech 2.9 3.0 3.2 3.3 4.0%
Services
Solid Waste Management 117.0 120.3 122.7 125.2 1.9%
Haz Waste Management 20,7 20.9 21.0 212 1.0%
Consulting & Engineering 30.2 314 32.1 33.3 4.0%
Remediation/Ind's Services 217 28.2 28.9 30.6 5.0%
Analytical Servieces 42 43 43 4.4 2.0%
Water Treatment Works 77.0 79.5 81.1 82.9 2.5%
Resources
Water Utilities 84.2 86.9 88.6 91.0 2.8%
Resource Recovery 40.6 36.6 38.8 40.3 3.0%
Clean Energy System & Power | 22,1 23.9 26.3 28.9 10.0%
Total 542 552 566 584

Source: Environmental Business International Inc. (San Diego, Calif.)
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i A& 72, 2001-2003)

2 s b B |
By media 2001 2002 2003 2002 2003 Ann GR
04-08
Hazardous waste 4,300 4,160 3,910 22% 20% —2%
Remediation 4,240 4,490 4,620 24% 24% 4%
Solid Waste 1,070 1,010 1,010 5% 5% —2%
Wastewater 3,430 3,660 3,850 19% 20% 6%
Water 2,280 2,400 2,890 13% 15% 5%
Energy 280 260 200 1% 1% 1%
Air Quality 1,250 1,290 1,190 7% 6% —4%
Natural Resource 980 1,000 1,110 5% 6% 8%
Multi-Media 540 510 680 3% 3% 6%
Total 18,370 18,780 19,460 100% 100% 2.9%

Source: Environmental Business International Inc. (San Diego, Calif.)
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- AZ PR 2T G- HAHE FAE BYshs 5 16,0000 (64.7kn) 2] H

Aot} Aok Coast 2050 project) B FZepPd(AHAN=F)S 2o 3
A9 7S K T FolA oy AME-Iol= 205013714 F13% = FAtl
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1972 - SANEE SSZH oA
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— B 2= HSOA % 100HA0A KRS
15008+ (H & H &)
1997 -HEO0| 22 HAHIIS HEXS 285t
BTN QTHES THEH0 TATHHZET,
a8, sz 22
— Zero - Emission 74, £ JI=8 HEHQ
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Double Fish Island, new artificial island starts construction in
Xiamen

Updated: 08 Feb 2010 Share this news?..Clickbox & SHARE o @3 87 _

Read more on Xiamen Bay artificial island Double Figh lsland

China Merchants group has formally started the construction of an arificial ecological island in
Kiamen Bay on February 5. Given a beautiful name of ‘Double Fish Island’, this island is the first
artificial ecological island in China.

With estimated delivery date in Movernber 2013, the island covers an area of 2.2 square
kilometres and involves an investment of 3 billion yuan.

Unlike other arificial island in the world, this one in Xiamen will be a floating island. According to
experiments conducted by Third Institute of Oceanography of State Oceanic Administration and
Manjing Hydraulic Research Institute, the floating island will not affect the marine current in
Xiamen Bay, cause sedimentation and destroy the habitat of Chinese white dolphins.

Itis reported that five famous architectural companies, including WWCOT, Scott Wilson, Taiwan
Kaishin, China Academy of Urban Planning & Design and CSCEC International were invited to
design projects for the arificial island. At last, the ‘Double Dolphin Project’ of SCEC International
was adopted.

According to the constructor, the island will be forged into a modern, leisure and upscale
ecological resort.

Translated by WOXnews.com
SOURCE Link: Xiamen Daily

(Z£329] Double Fish Island EE 7|A})
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I MEta <A =401E 7l AL 7|8E7 2uM |

A =
o V& H A 7|9 Es vy 19 2k Ve dHE A 7PEE B S & AT
eg AEetal 7ew HE FHEA] G 7195E Adste] IPC I=H s} 3 OR,
AND, NEAR, ADJ 9IRS &85l 71928 43190tk
(ESIZEZAM 7|9E - X2ty ZME SH J|1&8d)
22| ARE ZAA|

(Sea, Sea(near/1)side, Marine, Offshore, Shore, Coast, Ocean, River, Lake,
deep{near/1)water) AND (Surface, Seabed, (river, Ocean, sea){near/2)(Floor,
bottom), Crater, Stratum, Strata, Ground, Soil, Clay, Sand, Silt, Rock, (fine,
Coarse){near/1)soil, ~ Sediment,  sediment*(near/2)rock) =~ AND  (Magnetic*,
Electromagnetic*, gravimetric*, prospecting, elastic*(near/1)wav*, seismic{(near/1)
XAl |exploration, Drilling, Boring, Exploration, Penetration, geophysi*(near/1)prospect®,
Sounding){near/5)(measur®, estimat*, survey, sound®, level*, detect*, sens*
test*, inspect®, monit*, supervis*, evaluat*, GSIS, GIS, GPS, DGPS,
Soil{near/1yamount, Dredge*, Ground{near/1)profile, Scanning, Laser{(near/1)
scan®, Tomograp®, Visualizat*, Electric{near/1)marine{near/1)chart) AND (GO1*,
E0*, GO6*, HO4*, GO8* G02%)

(reclaim®, dredge®, contaminant*){near/9)(Soil, Clay, Sand, Sediment, sediment®,
rock, sludge, mud, contaminant*, metal*, sewage*, sediment*, Separation®,
Bypass®) AND (leachat, eutrophicat®, transport®, pathway®, diffusion®, settling,
consolidation,  fluidiz*, clarifi*) AND (risk, hazard*, evaluat*, Visuali*,

i _E_A‘I ) ) ) : ;

ety = |Environment*(near/3effect*, ecology, Biota*, Bioecology, Investigation,
FEME Interpretation and Impact; Methods and Mitigation) AND (monitoring, management,
st Dredge*(near/2)(Payloads, increas*, Technology, hybrid*), (area*, site*){(near/2)

(design®, selection, disposal®), investigation, simulation, modelling, prediction)

(soil*, mud, contaminat*({near/1)soil, metal*, Sewage*, Sediment®, Estuary*) AND
(cement*, light{near/2)weight*(near/2)foam, lightweight*, curing®, pipe*(near/1)
mixing, solidifi*(near/2)process*, deep{near/1)soil*, DSM){near/5)(stir*, —mix*,
agitat®, blend*) AND (cement, blast{near/1)furnace*, slag*, Oyster*(near/2) Shell,
fiber, fishnet, harden*(near/2)agent, hardener, flyash, bottomash, lime, air
{near/2)bubble) AND (backfill*, reclaim*, embankment, (soil*, farmland*){near/2)
improvement, landfill*, Underground{near/2)lay*, civil{near/2) material, CLSM,
3tH  |ecology{near/2)site, park, amusement®, hydro*(near/3)cultivat*, (construction*,
industrial®){near/2)development, habitat* {near/2)restor*, beach {near/3)clean®)
AND (flocculant, float, flocculation, settle, diffusion, absorption, heavy{near/1)
metal, leachate, Acidificat®, dehydrat*, Washing, separation, classifier, Recycl*
{near/2)sand*, centrifug*, electrophores*, mobile(near/3)plant, Solubilizat*,
Plasma{near/4ydecontaminat*, capping, Thermal®{near/3)(Desorption, treatment),
Kiln*, Sediment*(near/2)dewater*, chemical®{near/3)extract*, lightweight
aggregate processing, integrated sediment®(near/2)decontaminat®)

123



(ESIEEHM 7|9E - §8X FHE 018 & 2 J|l&d)

(Sea, marine, ocean, coast®, shore*, (off, on){near/1)shore*, river, reservoir, lake,
marshe®, underwater®) AND (Soil, water{near/1)content, concentration, particle, clay,
silt, sand, rock, gravel, (friction, slope){near/2)angle, cohesion, volume*(near/2)
chang®, unit*(near/1)weight, specific{near/1)gravity, soil{near/1) water{near/2)
mixture) AND (measur®, density*, densitymeter®, flow*(near/1)(quantity, velocity),
pressure®, pressure{near/1)gaug®, vacuum, vacuum{near/1)pressure®, rpm*, swing,
water*(near/1)depth*) AND (data, management, wireless, ubiquitous®, monitoring,
logger, computer®, image{near/transmit*, internet, CDMA, GPS, PDA, IT) AND
(auto*, productivity*, efficien®, optimaz*, management®, simulator*, warning*,
HEM cyclednear/IHtime, design®, specification®, globalization®) AND (dredg*(near/1)(ship*,
barge®, float*), dredger®, pump*, gearbox, gear{near/1)box*, fuel*, diesel*, bunker*
energy®, specific{near/2)(energy, consumption), NPSH, dredg®(near/2)(depth,
thickness®), reclamation, pipe, board{near/2)pipe, ladder, cutter) AND (hopper,
jetting, weir*, sedmentation, drag{near/1)head, anchor, barge, transport, vessel,
draft, side{near/1)arm, swelling, rainbow*, cycle*, bottom{near/1)door) AND
(water{near/1)quality, (aqua®, environmental){near/2)condition, turbidity, suspension,
settle, ecology, ecologicalsystem, heavy{near/1)metal, contaminant, essory{near/1)
foodsubstance, numerical{near/1)analysis, dredg*(near/1)water, organic{near/1)
contaminan®, cleaning®, silt{near/1)curtain, resuspension, residual®, release®)

Ho
r

5Sx

_,'j,; (Sea, marine, ocean, coast*, shore*, (off, on){near/1)shore*, river, reservoir, lake,

'_EA marshe®, underwater*) AND (Soil, water{near/1)content, concentration, particle, clay,
0I5 silt, sand, rock, gravel, (friction, slope){near/2)angle, cohesion, volume*(near/2)
e chang®,  unit*{near/1)weight,  specific{near/1)gravity,  soil{near/1)water{near/2)
out mixture) AND (dredging, dredger®, fleet*, dredg*(near/1)fleet, pump, centrifugal

(near/1)pump, gear{near/1)box, gearbox,  hydraulic{near/3)valve, fuel, diesel,
bunker, energy or specific energy consumption or NPSH or dredging depth or
dredging thickness or reclamation or pipe or board{near/1)pipe, ladder, cutter,
boat, tug{near/1)boat, buoy*, measur®, density*, densitymeter*, flow*(near/1)
(quantity, velocity), pressure®, pressure{near/1)gaug®, vacuum, vacuum{near/1)
pressure®, rpm*, swing, water*(near/1)depth*) AND (data, management, wireless,
ubiquitous™, monitoring, logger, computer®, image{near/)transmit*, internet, CDMA,
GPS, PDA, IT, auto*, productivity®, efficien*, optimaz*, management®, simulator®,
warning®, cycle{near/1)time, design®, specification®, globalization*) AND (dredg*
{near/1)(ship*, barge®, float*), dredger*, pump*, gearbox, gear{near/1)box*, fuel*,
diesel®, bunker®, energy*, specific{near/2)(energy, consumption), NPSH, dredg*
{near/2)(depth, thickness*), reclamation, pipe, board{near/2)pipe, ladder, cutter)
AND (hopper, jetting, weir*, sedmentation, drag{near/1)head, anchor, barge,
transport, vessel, draft, side{near/1)arm, swelling, rainbow*, cycle*, bottom{near/1)
door) AND (water{near/1)quality, (aqua®, environmental){near/2) condition, turbidity,
suspension, settle, ecology, ecologicalsystem, heavy{near/1)metal, contaminant,
essory{near/1)foodsubstance, numerical{near/1)analysis, dredg*(near/1)water,
organic {near/1)contaminan®, cleaning®, silt{near/1)curtain, resuspension, residual®,
release®) AND (GO6*, B63*, GO8*, CO2F*, BO1*, E02*, HO04*)

Ho
02
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nx
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(sea, seaside, marine, offshore, shore, coast, ocean) AND (reclaim*, dredg*) AND
(soil, clay, sand, fine soil, sediment) AND (sedimentation, surface{near/2)elevat®,
height{near/2)(soil*,  particle),  volume{near/2)ratioc*,  (radial*,  sedimenta,
coefficient, degree){near/3)consolid*, selfweight, self{near/1)weight*,
consolidation, finite{near/2)strain, void{near/1)ratio*, initial{near/2)void*, water
{near/1)content, initial{near/2)(water*, content*), pore{near/2)(water*, pressure),
viscosity, pumpability, movability, rheological, rheology, double{near/1)layer,
vertical{near/2)drain,  evaporation, desiccation, unsaturated, crust{near/2)
thickness,  dry*(near/2)depth, shrinkage, volume{near/2)reduction,  crack,
contaminant, contamin*(near/2)transport, penetrat(near/2)test, nondestructive*,
(cone, penetrat*, non{near/1)destruct*}near/2)test, cone{near/2)penetration*,
undrain*{near/2)(shear*, strength)) AND (ecosystem, species)

M
nx
m

(sea, seaside, marine, offshore, shore, coast, ocean) AND (reclaim®, dredg®, soil,
clay, sand, fine soil, sediment) AND (leachate®, contaminant®, heavy{near/1)metal,
organic{near/1)pollutant, eutrophication) AND (rheological, rheology, transport,
simulation, numerical{near/2)analysis, PSDDF, Craney{near/3)island*, modeling,
prediction, verifcation, selfweight, self{near/1)weight*, consolidation®,
finite{near/2)strain*, (coefficient*, degree*, radial*, sediment*){near/3)consolid*,
void{near/1)ratio, initial*(near/2)(void*, ratio), vertical{near/2)drain, evaporation,
desiccation, unsaturated, crust{near/2)thickness, dry*{near/2)depth, contaminant,
contaminant{near/2)transport, window, risk, GPS, CDMA, laser, scanning,
tomography,  visualization, monitoring, field{near/3)measur*, (multifunctional,
functional®, multi{near/1)function*){near/3)(penetrat*, facility), (penetrat®,
nondestructive, non{near/1)destructive*){near/2)test) AND (CO2F*, B63* FE02*
B09*, GO1*, GO6*, GO8*, H04*, B02*%)

OHEIX|

(sea, seaside, marine, offshore, shore, coast, ocean) AND (reclaim*, dredg*) AND
(soil, clay, sand, fine soil, sediment) AND (rheology, numerical{near/1)analysis,
pilot, fieldtest, field*(near/3)test*, monitoring, laser*, scanning*, CDMA, GPS ,
(total*, phase*, restrict*){near/2)placement, subsection, circulational, rotational)
AND (recycl®, reus®, regener*, reutiliz*, recover®, re{near/1)(us*, utiliz*, gener*
cycl®), dewater*, reus®, multi{near/1)function®, multifunction*®, stabiliz*, solidif*)
AND (leachate®, contaminant, heavy{near/1)metal, organic{near/2)pollutant,
eutrophication,  saline{near/3)tolerance, reformer, stabilization, solidification,
remediation, degradation, remov*, adsorption, reaction, surface{near/3)modifi*)
AND (solar, energy, photovoltaic, (wind*, power*){near/4)generat*, energy{near/2)
pile, (sunlight*, seawater*, sea{near/1)water*){near/2)(heat*, energy*), geothermal,
heatexchang®, heat*(near/2)exchang®)

Al
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