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BREAKING THE
DEADLOCKIN FINANCING
SUSTAINABLE PROJECTS

On 8 Febrary2023,|IADC hosted al-day conferencein
Dubaion “Financing Sustainable Marine and Freshwater
Infrastructure” Designed for professionalsin the fast
changingworld of finance, dredging andrelated sectors,
80 delegates came togethertoaddresswhatisneeded to
break the deadlockin the funding of sustainable projects.
Andmostimportantly, whoneeds todowhat.

While sustainable projects generally make use of nature-
basedsolutions (NbS), one of the main bottlenecks
identifiedin the financing process of such projectsis
obtaining the certainty of a project's cash flow. Projects
are oftenrelatively smalland as aresult, the start-up costs
arehigh.Apossible solutiontointerestinvestorsisthe
bundling of projects. At the same time, a case-by-case
approachisnecessarysincerisks,whichare arelevant
factorforinvestors, differ per project. NbS projects

are generally morerisky than traditional projects as

the effectivity of the solutionis sometimes uncertain.

Another problem
identified is the
difficulty of translating
social benefitsinto
financial benefits.

Caninvestorsbe tempted tohave a greaterrisk appetite
while accepting alower ROl asis often the case with
NbS projects?

The lack of a proper legal framework with a
clear definition of project and governance also
remains a challenge.

AnRQOlcanbeachieved from, forexample, carbon credits.
Projectswithan NbS design oftenhave alower ROland are
therefare less preferred by investars. More and more
pension funds however are willing to participate in NbS
projects, preparedto settle forlowerreturnsin favour of
sustainability. In addition,insurers canreduce claim costs
with NbS coastal pratection projects. By investing, thereby
reducing floodrisk, theyin turn canreduce their costs.

Itisparamountthatprojectsareviewedinanintegrated way
and thatall the costs and benefits, including externalities,
are assessed. Anotherproblemidentifiedis the difficulty of
translating social benefitsinto financial benefits. While there
are methods for this, they involve many assumptions and
discussions about the value of parameters.

Delegates suggestedideas forways to move forward
thatincluded organising regional symposia to showcase
examples of successfulnature-based solutions.
Consultants and contractors ta highlight existing

NbS projects atinfrastructure finance conferences.
Developersand autharities tointegrate NbSinlarge
commercialinfrastructure developments. Authorities
tofacilitate the implementation framework of sustainability
by bringing all stakeholders to the table at the early
stagesofaproject. Alongwith governmentsto create laws
toinclude sustainable solutions as partofaproject's
evaluation forapproval.

Overall, the conference provided a much-needed
springboard to move the topic of funding sustainable
projects forward. In keeping with the topic, check out

the sustainability article onpage 30 thatsharesresearch
onfindingmore cost effective and sustainable quay wall
structures forthe future. Alsointhisissue are articles
addressing theimportance of flocculationindredge
plume modelling and early contractor involvementin
maritime projects.

Frank Verhoeven
President, IADC
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APPLYING EARLY
CONTRACTOR
INVOLVEMENT
IN MARINE
INFRASTRUCTURE
PROCUREMENT

Complex construction projects that use traditional
procurement practices are often impacted by significant
cost overruns and delays. Early contractor involvement
(ECIl)is aconcept that strives to involve the contractor
collaboratively at an early stage of a project’s development
to mitigate or otherwise eliminate those risks. In August
2022, PIANC published the report “A framework for early
contractorinvolvement in infrastructure projects” to help
industry practitioners in choosing and best implementing
ECI. This article is intended to develop on key aspects of
the PIANC report and look at the factors that canlead to
a successful maritime ECI project.

A framework for early contractor
involvementininfrastructure projects
The PIANC report “Aframework forearly
contractorinvolvementininfrastructure
projects”andis available as a free download
for PIANC members (and 215 EUR for
non-members)onthe PIANC website.
Atsome 183 pages, it provides a detailed
introductioninto the understanding and the
application of early contractorinvolvement
(ECIHinwaterborne transportinfrastructure
projects. Itisthe anly comprehensive
guidance document available on the subject
of EClinthe constructionindustry.ltoffersa
practical approach to allindustry practitioners
toassistinthe application of EClinthe
waterbarne transportinfrastructure sector.

Thereportalsoidentifies the hallmarks
ofsuccessful EClprocess, which have been
established over many years, such as dealing
with good faith, transparency, equal treatment
of all parties, fairness, clarity through clear
rules of engagement, confidentiality and
protection of intellectual property. The stated
aim of thereportisto furtherpromote and
supportthe use of EClin the global
construction sector. It provides guidance to
industry practitioners so clients, consultants
andcontractorsinhow to successfully
implement ECl for the betterment of the
industryasawhole.

The PIANC report states that the definition
of early contractorinvalvementis a strategy
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initiated by infrastructure owners
(clients) towards main contractors and
optionally expanded to consultants,
stakeholders and subcontractors.

The purpose being to optimise valuesin
projectdelivery and objectives, through
their participation and knowledge sharing
instages of project planning and design
prior to project execution.

Whendrafting thereport, the authars noted
that there was nosingle dominantconcept
orapproach to ECI Diverseregions and
countries appear todealwith ECl differently.
The commaon denominatoridentified was that
EClisastrategyinitiated by infrastructure
owners (clients) towards main contractors
and optionally expanded to consultants,
stakeholders and subcontractors. The
purpose being to optimise valuesin project
delivery and objectives, through their
participation and knowledge sharingin
stages of project planning and design priar
to project execution.

Itisimportant tonote thatwhile the
principles of early contractarinvolvement
may be universal, the specific practices and
methods forimplementing EClcanvary
greatly depending on theregion and industry.
Toensure success, clientsand cantractors
should take into account the best practices
andlessonslearned from previous ECI

projectsintheirspecificregion andapply
them to their current project, while also
considering the unique local conditions and
challenges. This caninclude factors, such as
culturaldifferences, regulatory requirements
and market conditions such as the availability
ofresources. By taking a localised approach
to ECI, clients and contractaors can tailor their
projectto the specific needs and constraints
of theirregion, leading to a more efficient and
successfuloutcome.

A shift to more collaborative contracting
The "business as usual”model of procurement
isusuallydrivenonapure transactional basis
by theclient seeking the lowest price from
tenderers for theirproject—usingeithera
completeddesign or for tenderers toprice
theclient'srequirements on adesign and
construct basis. With design and construct,
using a traditional tender process there was
little scope forinnovation and cost savings
asusually theclient'srequirements were fixed.
Contractorswould bereluctant to propose
valuable innovative alternatives as there
isalways athreat that the tendercould be
cancelled andre-tendered on the basis

of their own alternative, now exposed to

the competition.

As Jon Davies, CEO Australian Constructors
Association stated in a social media post
(LinkedIn, January 2023):“Thereis

significant wastage of skilled resources
throughinefficient tender processes, but
the bigger problemis the myopic focus on
selecting the lowest price at the tender box
tothe detriment of all else. The practice of
accepting the lowest bid at the tender boxis
acompletely false economy andis the direct
cause of the adversarial contracting
environmentinwhichwe now find ourselves.”

The traditional procurement approach
invariablyleads to costand time averruns
during project execution. The causes of these
overruns have been studied extensively
(Arcadis, 2022 Global Construction Disputes
Report, Bent Flyvbjergand Gardner,2023).

Adetailed study by Flyvbjergand Gardner
ofsome 16,000 major projects fromlarge
buildings to bridges, dams, power stations,
rockets, railroads, information technology
systems and even the Olympic Games,
revealed amassive project management
prablem. Only 0.5% were completed on time
and on budget, and produced the expected
benefits.In otherwords, 99.5% of large
projects failed to deliver as promised.

Thehighlighted events and challenges
mentionedin Figurelare being felt post-
pandemic and construction industry parties
arelooking to alternatives to the business
asusualapproach for potential projects

Current events and challenges affecting the construction market

Social and economic factors
Russianinvasion of Ukraine
COVID-19 pandemic
Climate change
Inequality
Population growth
Naturalresource demands

Impacts to the constructionindustry
« Supplychainimpacts
« Materialcostincreases
« Delays
Labourshortages
Impact to bottomline
Increasein claims activity

Currenteventsandchallenges. Arcadis, 2022 Global Construction Bisputes Report

Mitigation techniques

» Proactiverisk management

» Alternative project delivery

- Contingency planning
Pre-purchasing materials
Constructability review
Willingness to compromise

8 TERRAETAQUA
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Causesofcostoveruns. Study carried outin Australia, 2022

Alternative projectdelivery using methods
suchasECIisincreasingly beingseenasa
valid alternative toensuring a projectis
delivered within budgetand completed on
time. The diagramin Figure 2 gives a typical
spreadof costoverrunevents and causes
(Kellyand Judd, 2022).

OfnoteinFigure 2 is the highincidence of
unfareseen physical conditions as a major
cause of costoverruns. A properassessment
of physical conditionsisvital forany marine
infrastructure project. Thisiswhere the
application of EClcanhave adirectand
positive impact.

ECIl contract models

One established ECImodelis the Bouwteam
approachinthe Netherlands, whichis a
non-competitive modelin which the client
hasanactive, centralrole. It particularly
aims at finding the right solution for the
project. Thisnon-competitive model
combines the strengths of established
contract models suchas DG2020 with
effective organisational methods outlined
inthe manual "Handreiking Bouwteams”
(Construction Handbook], resultingin a
robust framework. It has been successful

inthe Netherlands and its principles,
contractual framework and/or organisational
aspectscould be used quite easily outside
aDutchcaontext.

Anotherestablished modelis the Competitive
Dialoguein the EU, a competitive model
structuredasaprocurement framework.
Itparticularly aims at finding the right party
to deliver the project when the client does not
have a single, predetermined salution in mind.
Thisapproach has been successful applied
onnumerous demanding infrastructure
projectsinthe EU.Itcould be adapted to
otherregions with similarregulatory
environments and project Scopes.

Additionally, the NEC4 contract with clause
X22 [early contractorinvolvement])isawell-
established model for ECI projects. Itiswidely
usedinthe UK, Hong Kong andincreasingly in
othercountries, and specifically caters for
projectswhere the contractorisinvolved atan
earlystage. The NEC4 contractallows fora
collabarative relationship between the client
and contractor, with afocus on achieving
projectobjectives and delivering value for
money. The contractis flexible and adaptable to
different types of projects and procurement

methaods, andits focus oncollaboration andrisk
management makesitasuitable option for
clients and contractors looking ta implement
EClintheirprojects.

Bouwteam and Competitive Dialogue are
distinct EClI models each with theirown
defining characteristics and processes.
Ontheotherhand, the NEC4 contract madel
offers greater flexibility and customisation,
enabling the clientand contractor to adapt
the approach to the specific needs of their
project. The contract provides clear guidelines
and scope for the ECl phase, effectively
placing the contractarin the centre.

By studying and applying the best practices
andlessonslearned from previous ECI
projectsinaspecificregion, clients and
contractorscanimprove the chances of
success fortheir current project, while also
considering the unigue local conditions and
challenges. Models such as NEC4 contract,
Bouwteam and Competitive Dialogue each
have theirown specific characteristics and
processes, providing clients and contractors
with different approaches to tailor their ECI
framework to their specific project needs.

EClI during site investigation

The CEDAInformation paper ‘Site Investigation”
(Focusgrouponsailinvestigation, 2021),
identified thatinappropriate orinsufficient
sailinvestigationis widely acknowledged asone
ofthemostimportantfactorsleading to cost
increase, time averruns, claims and ultimately
disputes betweentheclientand contractor.
Surprisingly, projectsite investigationisa
phase where contractors havelittle tono
involvementwhatsoever.

Forthe contractor, havingreliable and
relevantsoilinformationintime is essential
tobe able toprovide awell-prepared tender.
The betterthe quality,and appropriateness
of theresults, the more accurately the
contractarcandetermine the mastefficient
dredging methodology, and corresponding
price, to the benefit of the projectand the
client."The earlier the consultants and
contractorareinvolved,in the preparation
and execution of the soilinvestigation, the
more guarantees the owner has thatlater
disputes and delays can be avoided” (CEDA
information paper, Site Investigation, 2021).

Having tendering contractorsinvolved atan
early stage as partofan EClprocess and
influencing the extent of any site investigation
and farmulating a targeted geophysical and
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* Input rates

e Design Development

e Programme

Request For Proposals Phasel Submission of Offer Phase2
(RFP)
- e Risk assessment « Design risk apportionment ¢ Detailed design
* Non-Price

* Risk adjusted price

e Land and Statutory approval

e Construction
e Lump sum schedule

The contractor continues the of rate
e Margin/Fee * Project plan contract to Phase2 if the offer is
e Prices accepted e OQutturn price risk
e Benchmark project OR adjusted
. OF_’e“ book The project is taken to a tender if
o Interviews reimbursable the offer is not accepted
Contractor Appointment Business case budget Approval to Phase2 Completion

Detailsof the two phases of an ECI Contract adopted from Swainston (2006)

geotechnical assessmentcanreap dividends
and a balancedrisk sharing approach can
ultimately lead tolower project cost.

An EClduring preliminary soilinvestigations,
i.e.preparation of scope, witnessing and
assessmentofscopeoftests(insituandin
laborataory) canbeveryuseful The contractor
needs toassureitselfthat the data collection
hasbeen prepared by acompetent soil
investigation contractor,inaccordance with
acceptedinternational standards. In this
regard, as partofthe EClapproach, the client
should considerinviting potential tenderers
toprovide inputtoand witness the execution
ofthe soilinvestigation.

Budgeting and open book pricing
Alsoanotherkey aspectis the way that ECI
canensure thattheclient'soriginalbudgetcan
be ‘reality checked”by potential contractors
without the time and expense of going to tender
with a complete design.Itis a misconceptionto
thinkthat EClis solely aone-on-one process
with a single bidding contractor. Having a
competitive EClprocessisstillachievable and
the PIANC report provides helpful guidance

onhowbesttodothis. The usualapproachis
foraPhaseland Phase 2 offer. The phases
are shownin Figure 3.

The Queensland Department of Main
Roads' “Standard contract provisions
roads, Volume B Early contractor invalvement
(ECI) Contract”identified anumber of
mechanisms usedinthe EClprocessto
encourage and demanstrate appropriate
attention toensure value formoney for the
clientthese being:

- OpenbookarrangementsinPhaseT,

- Selection of competent contractors and
designerswho have a proven successful
trackrecord;

- Theuseofanindependentestimatorto
analyse andreview target costs tovalidate
the Phaseloutputs;

- Ratesbasedonbenchmarkprojects
provided by the contractor;

- Awarking environmentthatencourages

innavative thinking;

Integrated teams working together to

achieve bestvalue whole-of-life solutions;

- Competitive pricing of supplier and sub-
contractcomponents;

- Afullunderstanding and allocation of
projectrisks;and

= Provision fartheclient to terminate the
contractifagreementisnotreachedon
the Phase 2 offer.

When considering a marine infrastructure
project, the clientwould be advised to emplay
anindependentdredging consultantand
production estimatorto analyse andreview
theinputratesandtarget coststovalidate the
EClcontractor's Phase1prices.

Withrespecttothe actualcosts of marine
equipment as these are capitalintensive the
discussion of how the ECl contractor has
arrived attheratesand prices often turnsaon
thevaluation of the ‘cost” of the vessel itself.
Thisiswhereinan ECIl process ofan ‘open-
book”evaluation comesinto the picture.
Tenderers generally are not obliged to provide
adetailed disclosure as to how theirrates and
pricesarederived.

With openbook pricing, the contractor will
share allinformation and documentation
of the financial caosts of the work under the

10 TERRAETAQUA

contractonatransparentand full disclosure
basis. In addition, revealing details of how
ithasdetermined how it will recoup the
costofthevesseloveritsoperationallife.
Suchinformation should be treated as
confidential by the client.

Thedredgingindustry hasformanyyears
used coststandards forvarious types of
dredgingvesselstocalculate the allowance
forDepreciationand Interest (D&I1), and
Maintenance and Repair (M&R) costs,
using apublication from CIRIA.CIRIAis the
United Kingdom's construction industry
research andinfarmationassociation. CIRIA
publishedits ‘Coststandards fordredging
equipment”’in 2005 with anupdatedissuein
2008 Eachyear, the International Association
of Dredging Companies (IADC]) publishes a
time-costfactorindexforvarious groupings
forupdating these costs.

CIRIA offersabenchmark forestimating a
contractorspricing butitisonly partofthe
picture as there are many otherpricing
variables to consider. Costs specifically
excludedin CIRIA are the costs of the
contractorstechnical services department
(overhead), crewcost, staffcost, lubricants,
fuelsandwater, laying up andidle time,
additional wear to dredging components,

spare parts, insurance, mobilisation and
demabilisation, general overhead and profit
among others. Therefore, thisiswhere a
dredging consultant can assisttobenchmark
the details disclosed by the EClcontractor.

Thetestingofthe EClcontractorsrates and
prices, and the basis of the valuationison the
premise ofareasonable “price”aswould be
derived under a competitive tender situation.
Therationaleisthattheratesandprices
identified by the ECl contractorwill form the
basis, eitherdirectly orindirectly, for the value
of thewarks to be carried out so should be as
market competitive as possible.

Theintentionofatwo-phase EClapproach
will normally be to maintain the competitive
elementinthe preparation of therates and
prices, and that open book pricing forms the
basis of the assessment.In thisrespect, the
use of CIRIAmay seem to be subjective as it
isnotthe contractor's ‘cost”butratheritis
an assessmentofthe partial allowable and
commercial price. It assists greatly however,
inarealitycheckof the ECl contractors
‘core’ pricing.

While CIRIAdealswith the dredging equipment
pricing,itneeds to berealised thatmarine
infrastructure projects have become more

Pricing of marine equipmentusing CIRIA tables provides benchmarkrates

complexand multiple disciplinary over the last
decades.Thatcomplexity hasled to other
activities becomingjustasimportantin the total
pricing of a project. Marine infrastructure
projectsrequire more design and engineering,
procurement, environmental and sustainable
solutions. Thase activities can benefit from the
use ofaspecialised dredging consultantwho
canreality checkpricing, review estimates,
prepare tailor-made cost models and canalsobe
involvedin the execution stage of the project.

Claims from contractors can arise when
thereisuncertainty. Adedicated dredging
consultantwhoisinvolved from the early
stagesofaprojectcanseektode-riska
project, avoid claims and mitigate risks
throughimplementing ECl technigues such
as open bookpricing. In the event of aclaim
situation arising, full history and invalvement
inthe early stages of aprojectcan prove tobe
invaluable for good project management and
disputeresolution.

Regulatory and permitting process
Clientsare continually facingincreasing
technicalcomplexities,increasing regulatory
and environmentalrestrictions coupled with
tremendous internal and external pressures to
deliver projects on time, within budget and with
unchanged scopes. With marine infrastructure,
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At a glance - Early Contractor Involvement

Guidelines for use

INFORMATION SHEET

An ECI model is attractive to contractors, due to the embedded relationship principles and overall
collaborative approach. ECI is suited to large scale, complex or medium to high-risk projects, because it allows
an integrated team time to gain an early understanding of requirements, which facilitates innovation and
value for money. Clients should also consider this model in circumstances where:

¢ the project risks are difficult to quantify fully, and innovative approaches are needed to manage this

e project delivery timeframes are constrained

e they are interested in moving away from a transactional model towards a collaborative model, where
there is insufficient capability or capacity to fully resource a relationship based model such as an

alliance

o there’s identified value in participating in a collaborative arrangement to drive innovative outcomes

and knowledge transfer

e there’s a need to obtain cost certainty while demonstrating transparency
e there are uncertain or complex design or construction interfaces, and flexibility in scheduling and

delivery is required.

New Zealand Governmentinfarmation sheet onearly contractorinvolvement

the permitting processisrecognised asbeinga
complexand time consuming constraint to get
aprojecttomarket.

The permitting process can take many
months orevenyears from the start of

the application process. Decisions atan
early stage as to how the projectisto be
constructedand the choice of equipment
and the mannerinwhich materialis dealt
with and any environmentalimpact, can have
significant time and costimpacts. Thisis
where the involvementof an ECl contractor
canhave directand tangible results.

So, forinstance, will the dredged material be
disposed offshore or brought onto land and will
ithave abeneficialreuse ornot? The choice of
one execution method overanathercan have
significantimpact on the costof construction
andthe EClcontractorcan advise the client of
these soinformed decisions can be made at

anearly stage. Environmental impactis alsoa

key partof the permitting processwithissues,

such as turbidity, noise and marine mammal
impacts beingakeyconcernofboth
regulators and stakeholders.

One author has beeninvaolved with a project
where a clientundertook an extensive
regulatary and permitting process invalving
addressing government bodies and key
stakehaolders concerns to allow drilling and
blasting as the client considered the material
toberemoved was too strong todredge

The contractorwhowas awarded the project
elected todredge the material using a
powerfulmega backacter negating any
needtodrilland blast. The operation of

the backacterwas ultimately successful
and any need todrilland blast the material
was avoided as the backacterworked
underexisting dredging permit approvals.
Inretrospect, theinvolvement of an

EClcontractorin the early stage of the
permitting application process would likely
haverevealed this and so avaoided a lengthy
and expensive permitting and approval
process basedondrilland blasting.

Constructability reviews
Constructabilityiswhere construction
knowledge is applied during the early stage
ofaprojectwhereerrorsand omissionsin
the permitting and contract specifications
canbeen minimised to enable the contractor
toconstructahigh-guality project thatis
biddable, buildable and executed using best
industry practices. Aswith theregulatory
process, thisiswhere the inputofan ECI
contractorcanhavedirectand tangibleresults.

Aconstructability review process carried
outbyan ECIcontractorisdesigned to help
improve the level of constructability ofa
project. The mostimportant benefits
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Early contractor
involvement is
especially important
in offshore wind
energy projects due
to the complex and
challenging nature
of construction.

expected fromthereview process are the
achievement of an efficient project
development process and therealisation
of acost-effective project.

The author'srecent experienceisthatofa
dredging project where the clientinsisted
thataonshore disposal of the dredged
material was the anly and preferred method.
Thiswouldinvolve a cutter suctiondredger
pumping materialashore using many booster
stations and kilometres of floating and
submerged pipeline. The logistics of such

an operation were significant and expensive
due tothe projectsrematelocation. The most
obvious and caost-effective methad was
using a backhoe dredger loading into barges
with offshore rather than land disposal.

Aconstructabilityreview by an ECI
contractor could have helpedin the decision-
makinginvolved atan early stage in the
clients permitting processrather than going
tomarketand the tenderers pointing this out.
While constructabilityreviews are effective
overabroadrange of project types and
provide the benefit of allowing multiple
functions toview the overall project asit
develops, itshould berealised that the ECI
contractorwillhave gone into same effart
andcostofconductingreviews, albeit for
both permitting and/or constructability and
documenting theirresults. This should be
compensated. Therefaore, the decision
regarding the number of reviews and the
period of involvement of an ECl contractoris
atrade-off between the expected benefits
andthe expected costofthesereviews.

Construction risk assessment
Thereisnoshartage ofriskpresentona
marine infrastructure project. Aconstruction
riskassessment atanearly stage of a project
helpsdetermine at-risk parties, create
awareness around therisks present onsite,
assesscurrentloss prevention measuresin
situ, ensure contractrequirements are
upheld and decide if additional controls need
to be applied. Contractars are generally
aware of most financialrisks, environmental
risks, safetyrisks, productivity risks, as well
ascontractrisks, however, thisinformationis
generally not fully exchanged as part of the
normal procurement process. Aconstruction
riskassessmentbyan EClcontractorcan
help the client think ‘out of the box” and
become aware of such potential risks and the
possible mitigation actions or measures that
canbe applied.

Of theinternational forms of contracts
available, only the NEC4 form of contract
implements an Early Warning Register.
Thisincludes adescription of the matter
and the way inwhich the effects of the
matter are to be avoided orreduced.

The NEC4 Early Warning Registeris not for
division of risk allocation butis adocument to
help promoterisk management, after award
ofcontract. Asitanly comesinto existence
atthe award ofcontractitis helpful ifan ECI
contractor cancontribute topreparation
ofapre-caontract Early Warning Register
tohighlight to the clientwhat potential risk
matters the contractor perceives.

An Early Warning Register’'s clear procedures
also supparteffective risk management after
contractaward. Early warning identification
atthe EClstage and the Early Warning
Registerare simple but effectiverisk
management tools. Bath encourage and
reqguire the ongoing assessmentand
management of risk throughout the period

of the contract.

New frontiers: offshore wind

The pastdecade has seen exponential
growthinthe amount of offshore wind
energy projects globally and with itcame
the creation of a new supply industry and
specialisedinstallation vesselstoserveit.

The expansion of the number of projects
willcontinue as four North Sea countries
(excluding the UK) envisage a 20-fold
increaseincapacity. The EU member states
of Denmark, Germany, Belgium and the

Netherlands willcreate offshore energy hubs
andislands, and build 300 GW of offshore
wind energy by 2050 (the Esbjerg Offshore
Wind Declaration, May 2022). Atremendous
increase from the present 15 GW of capacity.
Offshore wind farms are multi-billion euro
projects andsuch investmentsrequire
extensive and careful planning throughout
the entire supply chain Fairly early onin the
development of this new market, offshore
wind energy developersrealised that they
hadtoworkhandinhandwith theinstallation
contractortogettofinalinvestment decision
(FID)and therealisation of acommercially
viable project.

The sectorcontinues to develop bigger
wind turbines, with 15 MW turbines forecast
toenter the marketin the nextdecade.
These largerand heavierwind turbines
require strongerinstallationvessels and
cranes. The existinginstallation vessels
are unable toinstall the designed 15 MW
turbines and are either being upgraded or
biggerinstallationvessels are being built
and commissioned. Innovative concepts
and designs are needed to develaop
nextgenerationvessels able taliftaver
1,500 tonnes

The offshore environment poses unique
technical andlogistical challenges that
require specialised knowledge and expertise.
By involving contractors early, developers
canleverage theirexpertise to mitigate these
challenges anddrive the balance of plant
costsdown.

The balance of plant (BOP) costconsists

of offshore foundations, cabling and
transformer platforms andis the one of the
maost challenging of problems in the offshore
wind industry at the moment. In addition, itis
linked to the development of support ports
and fitfor purpase installation and cabling
vessels. Balance of plantcan account foras
much as 50% of the offshore wind farm cost
andisone of the mostcomplexandripe areas
forthe contractorandits supply chain to
produce costsavings.

Anotheradvantage of early contractor
involvementis thatitallows formare
innovation and creativity in the design

and construction process. Contractors
canbringnewideas and technologies to
the table, which canlead to a more efficient
offshorewind farm thatis able to generate
cheaperelectricity without the need for
government subsidies.
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Early contractorinvolvementin offshore
wind energy construction does notjust
generate costsavings butitleads tobetter
communication and caollabaration, innovation
andcreativity,and positive relationships
between all parties. Itis apractice thatis
becomingincreasingly popularand is seen as
akeywaytoimprove the supply chainrisk as
wellas the construction process and mitigate
the unigue challenges that the offshare wind
energyindustry faces.

Allthese matters fit well with the application
of alternative procurement techniquesin
the entire supply chainand indeed in the
past EClwasinstigatedinvarious forms.
Now with a predicted “hot” market with wind
turbine manufacturersramping up output
exponentially forthe years ahead there
islimited availability of installation vessels.
Thereislikely to be aworldwide installation
vesselshortage, whichis arisk toplanned
projectexecution and some project
developments may have insufficientor
inaworst case scenariono installation
assetattheirdisposal (H-Blix,2022].
Early contractorinvolvement and vessel
schedulingis therefore seen asvital.

Vessels are being booked many yearsin
advance. Coupled withreducing the BOP as
much as possible, this means that offshaore
wind clients are increasingly turning to work
with preferred contractors and using ECI
toafargreaterextentaswell asseeking to
develop mare long-termrelational and
collaborative contracts.

Indeed the FIDIC (The International
Federation of Consulting Engineers)
contractscommittee are in the process of
drafting a specialised contract drafted
specifically to serve the offshore wind energy
market. Itisunclearat this stage towhat
extentthe FIDIC contractdrafters will
address theclearneed foracollaborative

ECI process.

Establishing trust and rapport

with your ECI contractor

In1848, Johan Thorbecke (a Dutch politician)
said, “Trustcomes on foot, butleaveson
harseback.”Itisinteresting to consider
hiswords and how it succinctly describes
the essence oftrustanditsvulnerability
Trustinbusinessisnotjustimportant, it
isessential.

Tobuild trust takes time and itcan be
gone quickly, and perhaps foreverifitis

The sector continues
to develop bigger
wind turbines, with
15 MW turbines
forecast to enter

the marketin the
next decade.

violated. Trustis essential forany kind of
businessrelationship and the need for it
inaconstruction projectisnodifferent.
Perhapsitappliestoalesserextent for
aone-offrelationship than fora more
collaborative relationship that ECl tends
to offer.

Incollabarative EClrelationships, you need
tobe able torely onwhatyourchosen partner
issaying andyour partner mustbe able torely
onyou. Trustin acollaborative relationship is
always two ways:itisimpaossible foryou to
trustyour partnerwhile your partner does not
trustyou. Without this mutual vulnerability,
trustisimpossible to build onand can thwart
asuccessful collaborative partnership

Building trust takes time and requires
constant positivereinfarcement. Earlierin
this article, open book pricing was touched
upon thatreinforces awillingness from the
contractortobe open forcriticalinspection.
However, from the client side italso invalves
accepting that the cantractor should have
the ability to make areasonable margin on the
projectandhaving abalanced projectrisk
profile. EClcontractors have valid concerns
about confidentiality of such critical
inspection and can feelvulnerable with
complete exposure of sensitive commercial
pricing information.

The commercial challenge with a client
takingan EClcontractoronboardona
one-to-one basisis obvious;how to ensure
competitive pricing? Although nothing will
completely mitigate thatchallenge, building
openness and freedom of cammunication
between the partners atanearly stageis
vital. Generally the core means toreduce
thatrisk/concernis using competitive

dialogue with more contractorsin the
Phaselstage Thiswilllead to selecting
the contractarwithwhom the clientfeels
mostcomfortable.

Unlock ECl success: an ECI

advisor matters

Clientswhoregularly undertake construction
projectsonarepetitive basis arelikely ta
have built up relationships with consultants,
constructors and suppliers and will often
turnto them firstwhen embarking on a new
project. These relationships may be loose or
farmalised in specific ECl arrangements or
framewaork agreements.

However, the majority of clients who are new
to EClandare considering applyingit,can
benefit from the expertise of a consultant
knowledgeable in ECl practices. Whatis
essentialisthat the ECl selection process
issystematic.

Therole of the ECl adviser can broadly cover

the following:

« Evaluate the potential forenhancing the

project'svalue through ECI;

Guide inthe selection and setup of the

mosteffective ECI framework, such as the

contract model, regulatory compliance,
selection pracess, EClorganisation, scaope
and schedule;

« Assistincoaching, training, team building
andrunning workshops with parties,
intended to facilitate communication and
collaboration;

+ Recordanddocument the projectteam
relationships, the commitments made
by each party and their expectationsin a
multi-party ECl contract; and

- Toprovide afirstportofcallinthe event
of misunderstandings or disagreements
between project team members.

The precise selection process chosen
byan ECladvisarmay vary according to
circumstances, such as the level of
experience and knowledge of the client,
the nature of the projectand the
specialisation of the ECl contractors being
sought. The strongestrecommendation
and takeawayistohave an ECladvisorthat
hasindepth experience and can build the
bestproject partnering team for the client
Itisunwise to skimponcostswhen building
the EClteam. These costsrepresenta
small part of the overall project expenditure
and will directly influence how therest of
the moneyis spentover the whole life of
the project.
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|t should be noted that lawyers and law
firms may offer ECl consulting services,
butalegal background alone may notbe the
most appropriate for ECland collaborative
contracting aslegaltrainingislargely based
onanadversarial approach and contract
enfarcement. Arealchange in mindset
isneeded

The key to making the ECl and collaborative
contracting processworkliesin the ECI
advisor building and maintaining strong
teams. A good team produces farmore than
the sum of the efforts of its individual
members; poor teams mare often than not
produce less. Right from the outset, itis
essential that team building and maintenance
are inthe minds of the ECl advisarwhao is
charged with bringing the team together.
Getting the team right will be at the forefront
from the first stepsinthe EClprocess

Conclusions

Early contractorinvolvementcomesinmany
shapesandsizes, andwhen applied properly
andwithjointcommitmentithas caonsistently
showntoresultinamore positive and
productive relationship between the clientor
developerand contractorand theirsupply
chain. By working together from the start,
parties can develop a better understanding and
trustforeach other,which canleadtoamore
collaborative and ultimately successful project.

The PIANC report “Aframework forearly
contractorinvolvementininfrastructure
projects’isaninvaluable tool to assistindustry
practitioners and provide hands on advice asto
howtoapply early contractorinvolvement to
the benefitof any potential project.

Insummary, early contractaorinvolvement
inconstruction projects, whetheronshore
or offshore, brings many direct benefits,
suchascostsavings, bettercommunication
and collaboration, innavation and creativity,
and positive relationships between all
partieswith adecreasedrisk of disputes and
claims.Itisbecomingincreasingly popular
asanalternative procurement method
andisseenasakeywaytoimprove the
construction process, de-risk patential
issues and mitigate the unigue challenges
ofany project.

TERRAETAQUA

Summary

The PIANC report “Aframework for early contractorinvolvementin
infrastructure projects” provides a detailed introductioninto the
understanding and the application of early contractorinvolvement (ECI)
inwaterbarne transportinfrastructure projects. Itisat presentthe only
comprehensive guidance document available on the subject of EClin
the constructionindustry.

Early contractorinvolvementin construction projects, whether onshore
oroffshaore, brings many direct benefits such as cost savings, better
communication and collaboration, innovation and creativity, and positive
relationships between all parties with a decreased risk of disputes and claims.

Inmarineinfrastructure projects, EClcan achieve direct benefits during
the siteinvestigation stage and when developing project budgets using

open boaok pricing as well as when preparing constructability reviews and
constructionrisk assessments. It has also been used effectively during

theregulatory and permitting stage of a project.

Parties need to be open and mutual trust needs to be builtin a collaborative
relationship. With it comes vulnerability. Without acceptance of this trustis
impossible to build on and lack of trust can thwart a successful collaborative
partnership. EClisbecomingincreasingly popularas an alternative
procurement method andis seen as a key way toimprove the construction
process and mitigate the unique challenges of any project.

David Kinlan
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THE IMPORTANCE
OF FLOCCULATION
IN DREDGE PLUME
MODELLING

Numerical models are often used to predict the
magnitude and behaviour of dredge plumes to help
assess and manage any environmental risks. To provide
arealistic prediction of plumes resulting from dredging,
numerical models require information on the rate at
which sediment is suspended by the dredging, along
with the characteristics of the suspended sediment.
Previous investigations have shown that in the marine
environment, fine-grained sediment suspended by
natural processes and dredge-related activities are
typically present as aggregated particles known as flocs.
This article considers the importance of including the
process of flocculation in dredge plume models.

Field measurements have shown thatin the
marine environment, fine-grained sediment
thatisnaturally in suspension and fine-
grained sediment suspended by dredging are
typically present as aggregated particles
known as flocs (Manning, 2004; Smith

and Friedrichs,2011; Beecroftetal,2013).
The process of flocculation in marine
environmentsis mostlikely to occurdue to
particle collisions from turbulent motions
meaning thatincreased flocculation occurs
when suspended sediment concentrations
(SSCs) are higherand moderate turbulence
ispresent (Winterwerp and van Kesteren,
2004). Therefore, thelocalised elevated
SSCandincreased turbulence thatcanoccur
during dredging has the potential toresultin
flocculation. However, aspects of dredging
thatresultinvery high turbulence such as
pumping sediment through pipelines, have
the potential to break up existing flocs either
down tosmaller flocs orindividual particles.

Measured data collected in the Port of
Gladstone have shown that flocs were present
inaplume generated by a trailing suction
hopperdredger (TSHD) dredging silt and
clay-sized sedimentbut that theywere
smallerthan the flocs naturally in suspension
(Symondsetal,2022) Thisindicates thatthe
turbulence caused by the TSHD did not break
up allthe flocs presentin the dredge sediment,
butitdidreduce the size of the flocs resulting
inthelargerflocs>100 micrans (um) being
broken up.However, the size of the flocsin the
dredge plume were found toincrease over time
after the plume was generated, demonstrating
thatongoing flocculation occurred within the
dredge plume. The ongoing flocculationis
likely to have been due to flocculation with
both sediment suspended by the dredging
aswellas sediment thatis naturallyin
suspension. These findings indicate that
flocculationisanimportant process that
influences how dredge plumes behave, while
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interactions between dredged and natural
suspended sediment could alsoinfluence
both the behaviour of dredge plumes and of
natural suspended sediment.

Port of Gladstone

The Portof Gladstone (the Port)islocated
within Port Curtis onthe east coast of
QueenslandinAustralia (Figure1). Port Curtis
isamacro-tidalembaymentwith amean spring
tidalrange of 3.2 metres. Itisanaturally turbid
environmentand the sediment transport
processes are influenced by strong tidal flows,
localwind waves andlocalriverdischarges.
The Portwaterscover Port Curtisand the
areas offshore extending to the portlimits as
showninFigureT

The Portismade up of approximately

S50 kilometres (km) of shipping channels, which
utilise the natural deeperchannelsin Port
Curtisand offshore wherever possible. Despite
this,ongoing natural sedimentation accurs
within sections of the shipping channels and
annualmaintenance dredgingisrequired to
maintain depthsinthese sections. The annual
maintenance dredgingisundertaken by a
TSHD,whichdredges sediment from the
channelsand placesitatanapproved offshore
placementsite (East Banks Sea Disposal Site
(EBSDS)). The highest sedimentationrates
occuratthenorth-westernend of the Port,
including Jacobs Channel, with the deposited
sediment predominantly made up of fine-
grainedsiltandclay (Figure1). The average
natural SSCin the Jacobs Channelregion
is14 milligrams perlitre (mg/1], with the S9th
percentilereaching 64 mg/I.

Approach

Asuite of coupled hydrodynamic, spectral
wave and sediment transport numerical
models were applied toensure all key
processesthatinfluence the transport of
natural sedimentand sediment suspended by
dredging and placementwererepresented.
The modellingwas undertaken using MIKE
software, which has beendevelopedby the
Danish Hydraulics Institute (OHI) and is one of
anumberafinternationally recognised state
of the art software packages.

The sediment transport modellingwas
undertaken using the Mud Transport (M T)
madule, whichis able to describe the erosion,
transportand deposition of mud (silt and
clay-sized particles) or sand and mud mixtures
duetocurrents andwaves. The module can be
adopted forsediment transport studiesin
estuaries and coastal areas, dredging

investigations and sedimentation studies, and
canrepresentthe process of flocculation.

The spatial discretisation of MIKE's flexible
mesh enabled the modelmeshresalution tobe
varied within the model domain, with higher
resolutioninareas ofinterest, such as within
the Portwaters and channels and lower

.
MH10

resolutioninoffshore areas. This approach
assistswith optimising the model simulation
times without compromising onrepresenting
important physical processes withinareas
ofinterest. The model extent covered an
area of approximately 180 km by 80 km and
theresolution of the triangularelements
varied fromaround 2 kmin the offshore area

Locationmap showing the Port of Gladstone anditslocationrelative to Australia (inset)
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tolessthan100 metresinthe Portchannels
(Figure 2).

Qutputs from the hydrodynamic, spectral
wave and sediment transport models were
comparedtoin-situmeasured data as part of
the model calibration and validation process.
The calibration and validation demonstrated
that the models were able to provide a good
representation of the natural hydrodynamic,
wave and sediment transport conditions in
theregion.Example plots comparing the
measured and modelled SSC at sites close to
Jacobs Channeland the northern entrance
toPort Curtis are shown in Figure 3.

Thedifferent model setups adoptedto
represent the natural sediment transport, the
dredgingrelated sediment transportand the
combined natural and dredging sediment
transportwere as follows:

= Natural sediment transport: the modelwas
setupwith aspatially varying thickness
of natural sedimentonthe seabed at the
startof the simulation (defined as part of
the model calibration process), with no

sedimentinsuspension at the startof the
simulation and with no suspended sediment
inputat the boundaries;

» Dredging sediment transpart: the model
was setuptorepresent the sediment
transportof the excess sediment
suspended by maintenance dredging
usinga TSHD in Jacobs Channel and
the subsequent placement of dredged
sedimentatEBSDS. The source terms for
the mass of suspended sedimentreleased
by the dredging activity and placement
were determined based on comparison
with measured data in combination with
information from the literature (Becker
etal,2015). The modeldid notinclude
anynatural sediment on the seabedorin
suspension, with the anly sediment present
inthe model being the excess sediment
suspended by the dredging. It was assumed
thatthe dredgerwasdredgingin Jacobs
Channeland placingwithin EBSBS non-
stop over the model simulation period.
Inthe model, the dredge vesselwas
assumed ta spend the majority of the
time sailing toand from EBSDS where the
dredged sedimentwas placed, with the
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Modelled and measured SSC at WB50 and MH10 (see Figure 1forlocations)

vesselassumed tospendlessthan 30%
of the time dredging at Jacobs Channel.
Typically, the -2 weeks of dredgingin
Jacobs Channelrequired as partofan
annual maintenance dredging campaign
would be split over the entire dredging
campaign (1month), so continuous dredging
in Jacobs Channelis considered unlikely to
actuallyoccurandtherefore, aworstcase
scenario for potential plume intensity; and

= Naturalincluding dredging sediment
transport: the modelwas setup toinclude
both the natural sedimentand the sediment
suspended by dredginginasingle simulation
tohelpunderstand therelative importance
ofinteractions between the natural and
dredged sediment. The model was set
up toinclude both the natural sediment
and dredged sediment as detailedin
the previous two paints. In addition, the
modelincluded a second bedlayer above
the natural sedimentlayer. This surface
bedlayerhadnosedimentinitatthe start
of the simulation, but any sediment
deposited during the simulation (natural
ordredged) would be placed in thislayer
andresuspension of sedimentin thislayer
would occurbefore the resuspension of
the layerof natural sediment below.

Three different particle sizes were used to
represent the natural sediment transported
insuspension, clay, fine to medium silt and
medium to coarse silt. Model simulations
were set up with and without flocculation

of the fine-grained sedimentincluded.
When flocculation was excluded, a constant
settling velocity representative of the
individual particle sizes was adopted foreach
and when flocculation was included, the
settling velocity varied depending on the
SSC,with the minimum settling velocity being
representative of the individual particles.
Forallthe simulations thatincluded
flocculation, the process of flocculation was
assumedtooccurwhenthe SSC was above
10 mg/l. Far the dredge plume simulations,
asingle particle size of fine silt was adopted
as thiswasrepresentative of the modal
peakinthe particle size distribution (PSD)
forsediment suspended by the dredging
based on measured data. For the dredge
plume simulations, the fine silt settling
velocity without flocculation included
wasrepresentative of theindividual fine

silt particles and the with flocculation
simulations wererepresentative of the
minimum size of the measuredin-situ flocs
(30 um, with the peakin measured flocsin
the plume being between 30 and 200 pm).
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The minimum settling velocity for the dredge
plume when modelled with flocculation
includedwas settorepresentasmall floc
rather than the individual particle size.
Thisisbecause the spatialresalution of the
madel meshresultsinaninstantaneous
dilution of the plume from the dredger, which
will limit flocculation. As the measured data
have shown that the majority of the sediment
insuspensionin the dredge plume close to
the dredgeris presentasflocs, thisapproach
was considered to provide the mostaccurate
conceptualisation of the sedimentin the
dredge plume.

Results

Influence of flocculation

The modelled natural SSC in Portwaters was
processed to calculate the SSC percentiles
overthe 5S-weekmaodel simulation period. The
percentiles are duration-based and show the
value by which the SSC was below fara given

percentage of time over the entire model
simulation period. The 50th percentile
madelled natural SSC with and without
flocculationincluded in the model are shown in
Figure4 Comparison between the with and
without flocculation plots shows that the
mastsignificantdifferenceswere within Port
waters andinthe nearshore areaswhere

higher SSC occurs. With flocculation included,

the 50th percentile SSCwithin Port Curtis
was predominantly less than 40 mg/l, while
without flocculationincluded all of Port Curtis
hadan SSC of more than40 mg/l The spatial
extentof the SSC, with higherconcentrations
within Port Curtis and lower concentrations
offshore, highlights haw Port Curtisis a
semi-enclosed bay which acts as anatural
sink of sediment. The measured SSC data
shownin Figure 3 shows that the SSC at
WBS50 (within Port Curtis) remains below

40 mg/l for the majarity of the time, indicating
that the model results with flocculation

included provide abetterrepresentation of
the actual conditions.

Spatial plotsofthe SSCduetothe
maintenance dredgingbya TSHD are anly
shown forthe 85th percentile as the 50th
percentile shows limited elevated SSC.The
95th percentile SSCresulting from the
maintenance dredging at Jacobs Channel and
placementat EBSDS by the TSHD is shown
with and without flocculationin Figure 5. The
resultswith flocculationincluded show that
the SSC of mare than Smg/lextends from
Jacobs Channelto the southern entrance to
Port Curtis. It also shows that a higher
concentration plume of more than15mg/|
occurswithin Jacobs Channel, butremains
confinedwithin the channel. Theresults
predictalocalisedlow concentration plume at
and adjacentto EBSDS, with a peakin SSC of
justover10 mg/lbut concentrations of
generallyless than Smg/I.

Modelled 50th percentile natural SSCin the Portregion with flocculation

(top) and without flocculation (bottom).
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Modelled 85th percentile excess SSC resulting from maintenance
dredgingbyaTSHD inthe Jacobs Channeland placementat EBSDS with
flocculation (top) and without flocculation (bottom)
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Theresultswithout flocculation included
show a significantly larger area with higher
concentrations of above 15 mg/l, extending
fromthe north of Jacobs Channel to the
southernentrance of Port Curtis. Theresults
alsoshowan SSC of up to10 mg/Ibeing
exported through the north-easternentrance
toPortCurtis. The plume around EBSDS is
alsolargerwithout flocculation thanitwas
with flocculation, withan SSC of up ta S mg/I
extending from EBSDS to the eastern
shoreline of the adjacent Facing Island.

Time series plots of the water level and natural
SSCwith andwithout flocculation included
atthe waterguality monitoring site WB50
(see Figurelforlocation) are shownin Figure
B.Theresults show that the natural SSCis
controlled by the tidalrange, with higher SSC
during spring tides and lower SSC duringneap
tides. The modelled natural SSCis predicted
tobefivetotentimeshigherat WB50 when

flocculation is excluded compared to when
itisincluded.

Time seriesresultsat WB50 for the excess
SSC frommaintenance dredging using a
TSHD in Jacobs Channelwith and without
flocculation included are shaown in Figure B.
WBS0 is the closestlong-term monitoring
site tothe dredging at Jacabs Channel.
Theresultsshow that the predicted SSCin
the plume from the maintenance dredgingis
up to five times higherwithout flocculation
compared towith flocculation.

Tohelpunderstand the fate of sediment
released by the dredging and how flocculation
influencesit, the spatial distribution of
sedimentthickness atthe end of the model
simulationsis shown for both with and without
flocculationin Figure 7.Both the with and
without flocculationresults generally show a
similar spatial pattern, but sedimentation

depthsare generally higherwhen flacculation
was included. Without flocculation, the results
show the potential forincreased sedimentation
inthe mostquiescentlocations,suchasthe
sheltered creeksandintertidalareas upstream
of Jacaobs Channel. With flocculation included
the sedimentationdepthsatEBSDSare
predictedtobe up to10 mm, while without
flocculation they remain below 0.5 mm. Thisis
mare than an arder of magnitude difference
and suggests that flocculationcould be avery
important process for the settling of sediment
to the seabed and subsequentretention of
deposited sediment from the placement
activity at EBSDS.

Influence of natural sediment

Natural SSCis sometimes modelled aswell as
excess SSC fromdredging to allow any
potentialimpacts from the dredging to be
related to the natural conditions. However,
theyare often modelledin separate
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Modelledwaterlevel (top), natural SSC at WB50 with and without flocculation
(middle) and excess SSC at WB50 resulting from maintenance dredgingby a
TSHD at Jacobs Channelwith and without flocculation (bottom)

Modelled sedimentation depth after 5 weeks of maintenance
dredging at Jacobs Channelbya TSHD with flocculation (top) and
without flocculation (bottom)
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simulations orwith limited interaction
between the different sediments far
efficiency andtoensure theresults from the
differentsedimentsourcesremain separate
However, in a semi-enclosed bay environment
suchas Port Curtiswhere naturally high
resuspension accurs due to the astronomical
tide andlocalwind waves, only including the
excesssedimentreleased by dredginginthe
model simulation has the potential to

overestimate the ongoing transport and
ultimate fate of the sediment. There are two
reasons far this:

- the SSC controls the flocculation that
canoccur,with flocsize increasing as the
SSCincreases. Therefore, when the natural
SSCisincludedinthe model aswell as
the excess SSC from dredging, it will allow
the sedimentreleased by the dredging

SSC (mgh)

50

Modelled 85th percentile excess SSC resulting from maintenance dredgingbya TSHD inthe
Jacobs Channeland placementat EBSDS when flocculationis notincluded (top), whenitis
included (middle) and when flocculation and natural sediment transport are included (bottom)

tomixwith the natural sedimentas well.
Thisincreases the tatal SSC and allows
larger flocs to form thatwillhave a higher
settling velocity; and

- whenthesedimentsuspended by dredging
isdeposited, itislikely that natural sediment
will also be deposited and the two sediments
willmixinthe surface layeron the seabed
with the potential for some particles to
be buried under other natural ordredged
sediment. When the depasited sediment
issubsequently resuspended, some of the
resuspended sedimentwill be the recently
deposited natural sediment and some
will be the recently deposited dredged
sediment. As aresult, the total mass of
dredged sedimentresuspended will be lower
compared towhen natural sedimentwas
notincluded in the model. Similarly, the total
mass of natural sedimentresuspended
inareaswhere dredged sedimentwas
depositedwill be slightly lower compared
towhen the excess dredged sedimentwas
notincludedin the model.

To assess therelative influence of the natural
sedimentonthe SSC and fate of sediment
suspended by maintenance dredgingin Port
waters, the numericalmodelwas setup to
simulate both natural sediment transport and
the transport of sediment suspended by
dredging togetherin the same simulation
alongwith flocculation. The madelled 85th
percentile excess SSC from the TSHD
undertaking maintenance dredgingin Jacobs
Channeland placementat EBSDS without
flocculation, with flocculation and with
flocculation and natural sediment transport
included are shown in Figure 8.

Comparison between theresultswith
flocculation and the results with flocculation
and naturalsediment transport shows that
including natural sediment transportin the
modelresultsinasignificantreductioninthe
plume extentand SSC within Portwaters, but
doesnotresultinsuchasignificantchange
around EBSDS (where Figure 4 shows the
natural SSCismuchlower thanwithin Paort
waters). The extent of the higherconcentration
area of plume above 15 mg/lin Jacobs Channel
isreduced by around 30% when natural
sedimenttransportisalsoincluded. Inaddition,
the extentwhere the SSCisbetweenland
15mg/Ifor the 95th percentile is significantly
reduced when natural sediment transportis
alsoincludedin the model.

Thereductionin SSC from the maintenance
dredgingbya TSHD in Jacobs Channel at

WBS0 due ta theinclusion of natural sediment
transportin the modelis shownin Figure 9.
The plotshows that the SSCisreduced by
betweentwoand five times depending on the
tidalrange due to theinclusion of natural
sediment transport (up to five times during
spring tides and around twa times during
smallneap tides).

Percentileresults show that forthe 50th
percentile and below the natural SSC when
flocculationisincluded and when flocculation
and the maintenance dredging at Jacobs
Channel areincluded are almostidentical.
Plots showing the 80th percentile natural
SSCwhenflocculationisincluded and when

12
—Dredging

Dredging (inc Natural)

SSC (mgll)
{11

. .}.hﬁ

24 Jun 29 Jun 04 Jul 09 Jul

flocculation and the maintenance dredging at
Jacobs Channel are included are shown in
Figure10.The plot shows that the natural
SSCissimilarbetween the two simulations,
exceptthatthe extentofthe40to 50 mg/I
contourisreduced within Jacobs Channel
andinthe adjacent Clinton Channelwhen

Modelled excess SSC at WBSO0 resulting from maintenance dredging by a

TSHD at Jacobs Channelwith flocculation (blue) and with flocculation and

natural sediment transport (yellow)

The SSCisreduced
by between two and
five times due to the
inclusion of natural

maintenance dredging is included. sediment transport.
Therelative influence of including the
SSC released by the maintenance dredging
at Jacobs Channelbya TSHD on the
natural SSC at WBS0 isshownin Figure 11.
The plot shows that thereis predicted to
be areductioninthenatural SSC at WBS0
of upto 2 mg/lwhen the maintenance
14 Jul 19 Jul 24 Jul 29 Jul
Date
SSC (mg/l) SSC (mgll)
50 50
40 i
30
20 T
10
0
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Modelled 80th percentile natural SSC inthe Portregion over a S-week period with flocculation (left)
andwith flocculation and TSHD dredging (right)
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dredgingisincluded in the model simulation
compared towhen the model is simulating
justnatural sediment transport. For the
simulationwith both naturaland dredged
sedimentwhen the excess SSC due to
maintenance dredgingis added to the natural
SSC, theresultant total SSCatWBS50 is
almostidentical to the natural SSC when the
model excludes maintenance dredging.

Therate oferasion of sediment from the
seabedis controlled by the sediment
properties and bed shearstresses fromlocal
currentsandwaves.In Partwaters, erasion
generally only occurs over alimited period,
typically the 2-3 hours when peak flood and
ebbcurrentsoccur. Thismeans thatalimited
mass of sediment can beresuspended during
each flood and ebb stage of the tide. As aresult,
the massofrecently deposited natural and
dredged sedimentthatcanberesuspended
could bereduced foreach of the two sediment
types compared towhen the bed sedimentwas
justasingle type. This could occurwhen the
mass of recently deposited naturaland
dredged sedimenton the seabed exceeds the
totalmassthatcanberesuspendedduring a
single flood or ebb stage of the tide. This will be
mare significantinanatural sedimentsink such
asthe Portwaterswhere widespread natural
depositionoccurs. Inaddition, as the SSC close
tothedredgerwill be higherwhenthe SSC
released by dredgingisincluded comparedto
justthenatural SSC, there willbeincreased
flocculation of both the natural and dredged
sediment, which canresultinlargerflocs
forming. These larger flocs willresultin aslight
increase insedimentation of both the natural
and dredged sediment, and therefore a slight
reductionin SSC forboth.

The potentiallong-term fate of both naturally
suspended fine-grained sediment and
sedimentsuspended by dredgingisimportant
tounderstand. Theresults from the numerical
modelling have been processed to predict
the cumulative mass of sediment exported
through the twa entrances of Port Curtis
(southernandnorth-eastern) overthe
duration of the simulations. Qver the model
period, the north-eastern entrance was found
to be where the majarity of both the natural
and dredged sedimentwas exported. Time
series plots showing the cumulative export of
sediment through this entrance fornatural
and dredged sediment are therefore shown
inFigure12. Theresults predict that the mass
of both naturally and dredged suspended
sedimentexparted from Port Curtis would

be approximately three times largerifno

60

Natural
—NMatural {inc Dredging)
—Matural Plus Dredging

SSC (mgll)

12 Jul 13 Jul

14 Jul 15 Jul
Date

Comparison between SSC at WB50 for simulations of justnatural SSC and natural plus

maintenance dredging SSC

flocculation occurred. When flocculation
was included in the model, approximately 3%
of the sediment suspended by dredgingwas
predicted to be exported from Port Curtis,
butifflocculation was natincluded thisvalue
increasedto11%.

When both flocculation and natural sediment
transportwere included in the model, the
mass of sediment suspended by the TSHD
predicted to be exparted from Port Curtis
was almostan arder of magnitude lower
thanjustwith flocculation (see Figure 13),
with 0.3% of the sedimentreleased within
Port Curtis by the maintenance dredging
predicted to be exported from Port Curtis.
Theresults therefore indicate that the fate
of the majority of the sediment suspended
by the maintenance dredging activity
(>99%)istobedepositedwithin Port Curtis,
with very little sediment predicted to be
exported from the embayment.

As previously noted, the inclusion of

dredged sediment along with natural
sediment also had the potential toresult
inincreased flocculation (and therefore
deposition) aswellas a smallreductionin
theresuspension of natural sediment.
Figure13 shows thatthese two processes
haveresulted inasmallreductionin the mass
of natural sediment exported from Port
Curtis. Including the sediment suspended

by the annual maintenance dredging resulted
inasmallreduction of natural sediment being
expaorted from Port Curtis. The predicted
reductioninmass of natural sediment being
exparted was slightly higher than the mass

of sedimentreleased by the maintenance
dredging predicted to be exparted.
Therefore, forthe scenario considered

tobe mostrepresentative of actual
conditions (flocculation included and
dredged and natural sediment modelled
together), the modelling predicted that

the total combined mass of natural and
dredged sediment expaorted from Part Curtis
was similar, but slightly lower than the mass
of natural sediment predicted to be exported
when justnatural sediment transportwas
modelled onits own.

Conclusions

Numerical modelling has been undertaken
todetermine howimportant the process of
flocculationisin Paortwaters forboth natural
and dredging-related sediment transport.
The modelling predicted that the natural SSC

The mass of both
naturally and dredged
suspended sediment
exported from Port
Curtis would be
approximately three
times largerifno
flocculation occurred.
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Cumulative mass of naturally suspended
sediment (top) and sediment suspended by a
TSHD undertaking maintenance dredgingin
Jacobs Channel (bottom) exported through
thenorthentrance to Port Curtiswith and
without flocculation

Cumulative mass of sediment suspendedby a
TSHD undertaking maintenance dredgingin
Jacobs Channel (top) and naturally suspended
sediment (bottom) exported through the north
entrance to Port Curtiswhen the modelisrun
with justnatural orjustdredged sedimentand
natural sedimentplus sedimentreleased by
TSHD dredgingin Jacobs Channel
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would be five to ten times higherif flocculation
did not occur, while the SSC of plumes
resulting from annual maintenance dredging
could alsobeincreasedbyuptofive timesif
flocculation did not occur. In addition, the
madelling results predicted that the pracess
of flocculation reduces the mass of fine-
grained sediment suspended by maintenance
dredging thatis exported from Port Curtis

by afactorof four.

The modelling showed thatwhen natural
sedimenttransportisincludedin the same
simulation as excess SSC from dredging,
thereisafurtherreductioninbaoththe
predicted SSC due todredging and the mass
of dredged sedimentexported from Port
Curtis. Thisisbecause ofanincreasein
flocculation due to the highercombined SSC
resulting from including both naturaland
dredged sediment, and because the sediment
depositedon the seabedisacombination of

both naturaland dredged sediment. Therefore,

whennatural sediment transportisincluded
aswellas dredged sediment, the eroded

sedimentwillbe a combination of natural

and dredged sediment, while when natural
sedimenttransportis excluded the sediment
will be entirely composed of dredged sediment.
Asaresult, inareaswhere both naturaland
dredged sediment are deposited the amount
ofdredged sedimentresuspended will be
lowerwhen natural sediment transportis
alsoincluded.

The modellingresults also predicted thatdue
toincreased flocculation of natural sediment
close tothe dredgerand some dredged
sedimentbeingresuspendedratherthan
natural sediment, there was a smallreduction
inthe natural SSCinsome areaswhen
dredged sedimentwasalsoincluded in the
maodel at the same time. Thisreductionin
natural SSC meantthatthe mass of natural
sedimentexported from Port Curtiswas also
reduced. As aresult, the totalcombined mass
of naturaland dredged sediment exported
from Port Curtiswas predicted to be similar
(slightly lower) to the mass of natural sediment
predicted to be exported whenjust natural

Summary

Sediment can be suspended into the water column during dredging and placement activities.
This suspended sediment has the potential to be transported away from the dredge and
placementlocations by currents and therefore could resultin environmental impacts.
Previous investigations have shown thatin the marine environment, fine-grained sediment
suspended naturally and by dredging are typically present as aggregated particles known

as flocs. Toreliably represent the behaviour of dredged sediment in a numerical model and
predict potential environmental impacts it may be necessary toinclude the process of

flocculationinthe model.

This article presentsresults from numerical modelling of maintenance dredgingin the
Port of Gladstone, on the east coast of Queensland in Australia, to assess the impartance
of flocculation. The model was set up to simulate sediment transport both with and without
flocculation for natural sediment and sediment suspended by maintenance dredging.
Theimportance of interactions between the dredged suspended sediment and natural
suspended sediment on flocculation was also investigated.

Theresults from the study highlight the importance of including flocculation in numerical
modelling related to dredging fine-grained sedimentin a marine environment. Without the
inclusion of flocculation, the modelling has shown thatthe SSCin the dredge plume can

be overestimated up to five-fold compared to observations. The results also showed that
modelling the sediment suspended by dredging without including natural suspended
sedimentcanresultinasignificant overestimation of ongoing resuspension of the dredged
sedimentand therefore an overestimate of the transportrates, aswell as the distance the

dredged sedimentis transported.

sedimenttransportwas modelled onits own. Andrew Symonds
Asthenaturaland dredged suspended
sedimenthave asimilar PSDO, itis likely that
the suspended sediment from dredging

will be deposited inlocations where similar
compasition natural sediment has been
deposited. It cantherefore be inferred
thatonce the sediment suspended by the
maintenance dredgingis deposited,itis
unlikely toresultinany additionalimpactsin
terms of SSC or depasition compared to
whatwould naturally occur (assuming that
the dredged sedimentis not contaminated).

Andrewis a founding directorat Portand
Coastal Solutions having set up the company
in2017.He completed a PhD at the National
Oceanography Centre, Southampton,in
the UK, focusing on the hydrodynamics

and sediment dynamics associated with
managed realignment. With over 20 years
of experiencein portand coastal projects,
he specialisesin numerical modelling and
marine data analysis, and has extensive
experience in sediment transportand
dredging projects.

Results from this study highlight how
importantitis forany numerical modelling
related to dredging fine-grained sedimentin
amarine environment toinclude flocculation.
The study has also shown thatinareas with
high natural SSC modellingjustexcess SSC
fromdredging canresultin asignificant
overestimation of the SSC and ongoing
resuspension of the sediment, which could
influence potentialimpactsaswellas the
ultimate fate of dredged sediment.

Rachel White

Rachel has worked as a marine consultant
inthe portsector formore than15 years
aftergaininga PhD at the National
Oceanography Centre, Southampton,inthe
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Portand Coastal Solutions, aregistered
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assessments and numerical modelling and
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SUSTAINABILITY

REINFORCED SOIL -
THE QUAY WALL
STRUCTURE FOR
THE FUTURE®?

Steel and concrete are the most common materials used
in quay wall structures. The application of these materials
contributes to a high emission of greenhouse gasses
such as CO2 and the materials make up a large part of
the construction costs. This graduate research examines
whether alternative quay wall structures have the potential
to be more cost effective and more sustainable compared
to conventional structures forinland ports. An innovative
quay wall of reinforced soil was designed and quay
elements implemented to make a quay wall structure.

A comparison was then made based on the criteria costs
and sustainability between the innovative quay design
and two conventional quays.
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Fortheirthesis, the authars conducted number of transported containersresults

research onmore sustainable and cost- inaneed forextratransshipment ports that

effective quay wall structures forinland ports require heavier portequipmentand bigger
Iim_. inthe Netherlands. Thereis stillademand for storageloads.
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differences canbereached.Usinga
reinforced soil structure as aquayrequires
adjustments and implementations to
withstand a combination of variable
unfavourable loads caused by heavy port

equipment, ships and water level fluctuations.

Conventional quay wall structures allow
bollardstobe anchoredinaconcrete
substructure. Since thereisno option for the
bollardtobe anchoredin the structure itself,
alternatives mustbe consideredtobe able to

integrate abollardinto the body of the
structure. Designing an L-shaped capping
beam makesitpossible to spread and transfer
mooring forcesinthereinforced soil structure
with theleastamount of concrete and the most
favourable load transfer Avesselclassified in
CEMT-Va/Vbhasalinepullforce of 250 kN,
multiplied by a safety factor1.5givesaline pull
force of 375 kN.The cappingbeamis able to
spread thisload overthe trackdistance of the
ballards, whichis15 metres. Thisresultsina
spreadtensileload of 25 kN/m. Tensile forces

T
[ Remountable panel !_ ______________________
—— Anchor rods B i e e . o O R R R P T
— Geotextile "
--. Geogrid s s e e e e e e e
—— Steel mesh i
1= r R e
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Quaywallelementsreinforced sail structure

Loadsonaquaywallstructure

Fbollard;vert‘lcal

due tomoaoringlines occurineitherharizontal
orverticaldirection. The verticalload and
momentare carried by the self-weightand
the favourground pressure onthe feet of the
beam.The harizontal tensile forceis carried
by a horizontalanchorage of geogrids
consistingofa 5.8mlongstrip fixed in the
concrete capping beam. When designing
mooring facilities itisimportant that the bollard
anchorage be afactor15strongerthanthe
occurringline pull force. Thisresultsina
geogridwith atensile strength of atleast
37.5kN/m

Removable concrete panels as afacing of

the structureimproves the quays appearance
and are a solution fortherobustnessof the
structure. The concentratedload caused by

a ship collision, which may occur, will be spread
by the paneland prevents damage on the
geatextile. Besides collision, the soil structure
isprotected against friction between a
maoared ship and the retaining wall, the polymer
geogrids are protected against UV radiation
and from the mounting of fendering systems
ontheretaining wall.
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Designs

Forequal circumstances, all three quay wall
structures are computedinthe situation of the
Flevokusthaven,located near Lelystad,inthe
Netherlands. The mainreason forchoaosing the
Flevokusthavenascaselocationisduetoits
representative characteristics forinland ports
with deltaic sails. The soil consists of non-
loadbearing sailtypes, there arelimited water
level fluctuations and thisinland portis
accessible toarepresentative number of
vessels. Inaddition, thisportisusedasa

+2,95m NAP

containerterminalthat causeslarge surface
loads, whichisalsorepresentative forother
inland portsdue toatrendin the transshipment
ofcontainers.

Thethreedifferent quay wall structures are
designed with atotalretaining heightof 8.25
metres.Incase of any settlement, anextra
height can be added to maintain the total
retaining height. The topside of the
constructionsmustbeonalevel 0f2.45
metres+N.A P.With the current water level of

-0,50m NAP
P16-125
<5,00m NAP
Sand
mﬁ-usl ‘em_us 232125 -6,00m NAP
-6,30m NAP 4 . I Peat
7,88m NAP bid
$40-125 $16-125
I | lay with peat
f 7.2m L & i P
~10,00m NAP
sand
Cross-sectionconcrete cantileverwall
+2,45mm NAP '
Leauwanker 1400
Length anchor rod: 49-52m
H Length grout body: 20m
-0,50m NAP b B
i;mwou—m:s—m
-5,00m NAP
i Sand
6,80 NAP = 1! Feat
i -7.50m NAR
o Clay m;‘q m AP
-
i sand
-19,30m NAP

Cross-section sheetpile wallwith anchor.

0.5metres-N.A P.thereis2 95 metres above
the watersurface. Theremaining 8.3 metres
of the totalretaining heightis below the water
surface Thiswaterdepth provides the
accessibility tovessels classified to CEMT-
Va/Vb. The transshipment of containers
requires heavy portequipmentand storage of
the containersresulting in high surface loads
thateffect the quay wall Figure 2 includes all
horizontal and vertical forces in the situation
of the Flevokust haven.

Developmentsin the future thatcould affect
the quays'safety or functionality were
considered, resulting in the following being
takenintoaccountin the designof a future-
proof quay.In Europe, regulation states that
inland waterways must be able toreceive
vesselswith anormative draft of 3 metres
(CEMTVI). As the pasthas shown, ships are
expectedtoincreaseinsize;thenextstepin
the modernisation of the inland waterway
networkisanupgrade toclass CEMT-V.This
hasledtoadesignthatisabletoreceive
vesselswith anormative draft of 3.5 metres
(CEMTVa/Vh). Alogical conseguence is
largermooring forces, therefore instead of a
line pull farce of 200 kN forclass VI, 250 kN
faorclass Vistakenintoaccount.

Moreover, anticipating the transshipment of
containersresultsinaquaythatendures
higherloads from both starage and heavy port
equipment. Finally, approximately one metre
willbe added to theretaining height to protect
the quay fromweather conditions such as
extremely high water causing wave
overtapping forexample.

Cantilever wall

Thereinforced concrete cantilever wall
representsone of two traditional quay wall
structures thatis usedfor the comparison
with theinnovative guay wall. The designis the
basis for the bill of quantities with which the
material costs can be estimated. Generalrules
are used forthe dimensions and proportions
of the wall. The dimensions of the design are as
shown inFigure 3.

Afterdesigning the construction, all forces on
thewallare determined. Thisisnecessaryin
orderto calculate the moments of force
including safety factors. Checking the design
ongeotechnical failure mechanisms according
to the Dutch guideline for geatechnical
designs, the KIVI-reader provides the following
calculations: tilt stability, verticalloadbearing
capacity (drained and undrained situation)

and horizontal sliding of the structure.
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Assuming the cantileverwallis arigid
construction, aneutralearth pressureKn
onthewallisappliedinthe calculations.

Onthe bottom-leftside of Figure 3, the soil
structure of the caseis presented, which has
beenused forthe calculations. Areinforcement
calculationis made to gaininsightinthe
internal forcesin theretainingwalland to
determine the steel quantities.

The cantileverwallis on top of compressible
layers of soil Alayer of 2.5 metres of clay
with peatcauses asettlementof 0.5 metres,
whichis compensated to add extra height
totheretainingwall. Adding 0.5 metres to
theinitially required retaining height gives a
retainingwall height of 9.75 metres. The quay
isinvarying contactwith water; therefore,
the concrete structureisclassifiedin
environmental class XC4.

Various types of reinforcement carry the
tensile stressesin the concrete. The main
reinforcementis appliedin the wallwhere
the biggest bendingmaments occur,inthe
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innercorner between the wall and the flaar,
andin the toe of the floor. The bending
momentin the wall decreases once the cut
inthe wallis made higherto determine the
forces At the top of the wall, the bending
momentis 0. By dividing the height of the wall
and determining the required reinforcement
persegment, alotofreinforcement can be
saved Besides, compressionreinforcement,
distributionreinforcementand ballard
reinforcement are needed to carry and
distribute loads properly

Aconstruction pitof temporary sheet piles
with astrut frame makes it possible to
excavate approximately 2.5 metres of the sail
and lower the water level After excavating
severalteams canworkin shiftstoapply the
formwork, processing the reinforcement bars
and to pourconcrete. Once the construction
and backfillhave been finished, the temporary
sheet piles can beremoved.

Anchored sheet pile wall

The steelanchored sheet pile wallis the
second traditional quay wall structure that
isused forthe comparison. The design as
showninFigure4isinreality designed

and constructed for the Flevokust haven.
Becauseitconcernsavalidated design,no
constructive calculations have been made.

The construction consists of permanent
sheetpileswith anaverage length of 21
metres. Twa grout anchars per 3-metre quay
wall carries the bending momentsin the sheet
pileresultingin shorter sheet piles

Construction starts with the installation
of sheetpilesinto aload-bearing layer.
Lowering the waterlevel and backfilling
sand on the existing soil including preload
speeds up the settlement process

When soilis sufficiently settled, the grout
anchors canbeinstalled

Reinforced soil structure

The third designis the innovative reinforced
soil structure. Theretaining function of the
designisderived from the use of ahigh
density polyethylene (HDPE] reinfarcement,
geotextile and sand. Uniaxial geagrids such
asHDPEreinforcementcancarry high tensile
loads appliedin onedirection. The elongated
perforated structure allows the backfill
materialtointeractwith thereinforcement
through frictional resistance. Meanwhile the
aperture structure of geogrids could cause
the backfillmaterial to washout. Geotextile
provides a barrier to confine the backfill

Uniaxial geogrids such as HDPE reinforcement
can carry high tensile loads applied in one direction.

material. Open graded sandis desired to
ensure adrained effect of the backfill.

The designis checked forinternal and
external stability in accordance with the
CUR-198 guidelines.In order to ensure
thelocalinternal stability, itisimportant
toknow thatareinforced sail structure
caninternally fail due to tworeasons.
Thefirstbeing that the tensile strength
of thereinforcementis exceeded causing
thereinforcement to break. The second
isthatthereinforcement can be pulled
outdue tainsufficient bandingwhen the
reinforcementlengthis notsufficient to
transfer the tensile force to the backfill
material. Acheckon pulling outis disregarded
because thisis only decisive in situations
where very shortreinforcementlengths
are used.

Initially, the tensile force must be determined
foreachreinforcementlayer There are four
types ofloads thatdirectly affect the tensile
force, takinginto account the self-weight,
surcharge loads, concentrated horizontal and
verticalloads. The self-weight of sand and
surcharge loads causes avertical force inthe
construction. Thisvertical forceresultsina
horizontal force due to the active ground
pressure because the sandis enclosed by
the geotextile. Concentrated vertical loads
duetoabearingarenotappliedto this design

Thetotaltensile force Tjqis the sum of all the
tensile forces due to self-weight, surcharge
loads Ty;;¢ and concentrated horizontal loads
Th;i;a. Simplified, the equation is as follows:

T{':d = Ty:i:d + Th:i',d [1]

Calculating the tensile forces due to self-
weightandsurchargeloads Ty,i;q is done

by multiplying the active ground pressure
factorKgqwith thereinforcementlayer height
h; (0.6 metres) andthevertical effective
stressa'y;id.

Tyia = Kya X hy X 0'y59 (2)

Theverticaleffective stress a'y;i;,q is derived by
the sum of the vertical forces divided by the
effective width

Fov1id*Fo-g1:i-
r — Twyibd T eglid
O yid = o (3)

Determining the influence of the
concentrated horizontalload of the
bearinginthe considered layer, gives the
following equation. Basically, the load is
spread linearly on the depth z; depending
ontheactive shearwedge # = 45° —¢'/2

and the distance between the point of
engagement (centre bearing) to the facing

of the reinfarced soil structure.
Th;i;aZZthxﬂ‘%:mx(l_:_:) (3)
AsshowninFigure 5,varied geogrid types are
usedthatdifferintensile strength. The tensile
forceinthe geogridsincreasesoncetheyare
lowerinthestructure due totheincreasing
ground pressure. The unfavourable horizontal
loads are carried by the toplayersof the
reinforcementresultingin higherrequired
tensile strengths. Adeviationin geogrid type can
also be found below the water level where the
active earth pressure on the geogridsisreduced
duetothe saturated conditions,resultingina
lower effective weight of the soil fill.

The globalinternal stability can be calculated
with the compound method. Ashearwedge
with afixed angle 8 = 45°- /2 produces a load
thatneedstobecaried by theintersected
reinforcementlayers. The glabalinternal
stability check has notled toanormative
loadcase.

Checking the design for external stability
resultedinananalysis of consalidation,
settlements, tilt stability, vertical load bearing
andharizontal sliding. Ageogrid length of
13.6 metres pravided enoughresistance
againstall these failure mechanisms.
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The globalcircular shear failure mechanism
asafinalcheckshowed tobenormativein
determining the geogrid lengths, resulting
inal5-metre-longreinforcement.

The constructionconsists of 17 layers of
soil,each 0.6 metres high; two layers for the
embedding depth and 15 for the required
retaining height, including settlement
compensation. Settlement calculations
showed thatasettlementof 0.72 metres
occurs, resultinginanextralayer of
reinfarced soilof 0.6 metres to meetthe
settlementrequirement.

The construction of areinforced soil structure
inthis caseis as following. Aconstruction pit
of temporary sheet pileswith a strut frame
makes it possible to excavate approximately
3 metres of the soiland lower the water level.
Thenthereinforced sail structure can be built
layerbylayer Asteelmesh formworkis
repeatedly applied followed by ralling out and
extracting geogrids and geotextile, and
applying and compacting the backfillmaterial.
Finally, the geogrids and geotextile are folded
backtoenclose the backfillmaterial.

Costs

The totalcosts forall three designsi.e

the concrete, steel and reinforced soil
structure canbedivided into two categories,
construction costs and material costs.
Focussing on the material costs, the limited
use of steelwithinthe reinforced sail
structureresultsinasolutionwith the
lowest material costs (total material costs
1950 000 EUR).Inthecase of boththe
conventional structures, only the costs of
steel are more expensive (cantilever wall:

The material costs
of the reinforced
soil structure are
considerably lower
compared to both
the cantilever wall
and the sheet pile
wall quays.

1871000 EUR and sheet pile wall: 2.010.000
EUR)than the total material costs of the
reinforced soil structure. Foreach
canstruction, the backfill material costs

are approximately Tmillion EUR.

Compared to the material costs, the
canstruction costs are somewhat different.
Therespectively high construction costs
of the cantilever (1.720.000 EUR) and
reinfarced soil structures (1106.000 EUR)
are caused by using temporary sheet piles
tocreate aconstruction pit. Therefore, the
sheetpile wallisalesslabour-intensive
construction methodresulting in lower
construction costs.

Nevertheless, the totalinvestment cost of
the geogridreinforced sail structure is still
significantly lower than the total investment
costsof eitherconventional structures

The materialand construction costs show
that the totalinvestment cost for the solil
structureis approximately 3.1million EUR
compared to 5.8 million EUR and 4 1million
EUR forthe cantilever wall and sheet pile
wall respectively

Environmental effects

During the total lifetime of a project, for
eachmaterial orconstruction processitis
possible todetermine the societal cost to
compensate the environmental effects.
Using the Environmental Cost Indicatar
(ECI), the effects can be determined by
multiplying the quantified emissions of a
material or process per functional unit
with the totalamount. The outcome of this
calculationis foreach material or process
anenvironmentalimpactexpressedin euros.
Itisimportanttonote thatall materials

are calculated with alife span of 100 years.

The EClcanbedivided into differentsystem
phasesorimpact categories. The dividing
bylifecycle phaseis shownin Figure 8.

The production phase of the materials has
the highest contributionin the tatal ECI.
Sand mining and transportationis for all
three constructions the main cause of
thishigh ECI. Thisis due to the relatively
high density and the large valumes of sand
used, and thelarge number of transport
movementsrequired. Both conventional
structures furtherincrease these ECls
within this phase due to the large amount of
steel. During the production of steel, avast
amountofheatisnecessarytodeformthe
material, whichin turn effects the Global
Warming Potential (GWP)

Theenvironmentalimpactduring construction
isalmostequaltoeachother The three
structuresinclude almost the same amount
ofsand. Processing the sandhasinallcases
the highestimpactand effects the Global
Warming Potential (GWP), Acidification (AP)
and Human Toxicity (HT) the most.

Thelastphase assesses towhatextentthe
materials can bereusedorrecycled forthe
next production system. Sand and concrete
caneasilybereusedorrecycled. Sandis an
extremely circular product and mining of new
sandcan be avoided by reusing the product.
Meanwhile, accaording to the Dutch National
Environmental Database, 45% of steelin
the sheet pile willbelost during its lifetime
duetocorrosion. Thisnegative fundis taken
into accountbyreproducing the lost steel.
The environmental costs of reproducing the
corroded steeldonotoutweigh the positive
funds of reusing sand.

Theconstruction processes otherthan

the application of the materials, such as
excavating the soil, water extraction and the
temporary sheet piles coveraround 50,000
EUR forthe cantileverwall and the reinfarced
sailstructure. In case of the sheet pile wall,
these costsareonly 25000 EUR by not
applying temporary sheet piles.

Instead of using concrete and steel as

main materials, the retaining function of
thereinforced soil structure is derived from
the use of polymers. However, like steel

and concrete, polymers also have major
environmental impact. High density
polyethylene (HDPE) and polyethylene
(PE)-the palymersthatareused —are
mainly obtained from petroleum, yet the
reinforced soil structure has significantly
lower environmental costs. The low ECl of
these polymers originatesinthe very limited
volume thatisused Thinlayers of stretched
HDPE collectively have alow volume.

The environmental effects can also be
expressedin13impactcategories as
shawnin Figure 9. Global Warming Potential
(GWP], Human Toxicity (HT) and Acidification
(APJ)arethe mostnotable categories
indicated in shades of blue. GWP is caused
by greenhouse gasses, suchas CO2,
methane and nitrous oxide. This category
isexpressedinanequivalentwith CO2 as
reference. Greenhouse gasses hold warmth
thatresultsina (faster)rising temperature
onearth.Human toxicity includes the
emissions of toxic substances thatare
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The study showed
itis technically
feasible to design
areinforced soil
structure quay.

exposed to human beings. Thisexposure
findsitsway by breathing orconsuming
productslike meatand fish. Acidification
arises afterreleasing sulphur oxides.

The acidification of soiland waterhasa
negative influence on ecosystems.

Conclusions

The purpose of thisresearchwas todesigna
future-proof, inland quay wallstructureina
deltaareathathasthe potentialtobe more
casteffective and more sustainable than
conventional quay walls. Initially the study
showeditistechnically feasible to design a
reinforced soilstructure quay. Solutions to
implement guay elements,suchasthe
L-shaped capping beam and the anchored
facing panelswere necessarytoexpecta
reinforced soilstructure to perform properly
asaquay. Howmuchthedesignisinfact
future-proofisderived from the following three
developments:upgrading the quay wall to
receive CEMT-class Vvessels, including those
withincreasing loads andload conditions, and
finally by adding Tmetre to the retaining height
forextreme weatherconditions.

Thematerial costs of the reinforced soil
structure are considerably lower compared to
both the cantileverwalland the sheet pile wall
quays. The combined materialand construction
costsare 25% lower than the most favourable
quay wallstructure. The sameis true for the
environmentalcosts, which are 35% cheaper
with thereinforced soil structure.
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Summary

Nowadays, mostinland quay walls mainly consist of concrete or steel

materials. As aresult of ongoing climate change and rising costs of materials
aninvestigationinto more sustainable and more cost-effective structures
forinland quay walls has been carried out. Various innovative quay wall

structures have been designed after which a Multi Criteria Analysis (MCA)]

concluded thatareinforced sail structure has the highest overall value for
implementation as aninland quay wall. Various sc nstoimplement quay
elements such as bollards were necessary to use areinforced soil structure as

aquay. Designing three quay wall structures under equal circumstances

including the innovative quay and two reference quays of steeland concrete

made it possible to compare the criteria nd sustainability. By calculating

the material and construction costs, a cost estimation could be made

Determining the environmental effects on so-called impact categories was
ysis (LCA). Theresultisthatareductiono
sandreductionof35%ontheen S

.

completedusing a Life Cycle Ana

25%oninvestmentc
indicatoris achievable with areinforced sail structure

LarsvanRouwendaal receiving the award from Dirk-Jan Walstra, chairman of
the Butch hydraulic engineering prize jury (Waterbouwprijs), for best hydraulic
engineering graduationresearch 2022

TERRAETAQUA

Berend Schmidt

Berend graduatedin 2022 with a degree

in Civil Engineering from Windesheim
University,in the Netherlands. Throughout
his studies, hisinterestin hydraulic and
future-proof solutions has grown. Berend's
internship at Arcadis gave himinsights

into the world of port and waterway designs.
These experiences provided him with
better knowledge about these topics
during his thesis oninnovative quay wall
structures.Berend's jointresearch was
awarded the Waterbouwprijs — the prize
forbest hydraulic engineering graduation
research of 2022 inthe Netherlands.
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EVENTS

UPCOMING COURSES
AND CONFERENCES

Dredging for Sustainable
Infrastructure Course
20-22 June 2023

Venue to be confirmed
Beveren, Belgium

How to achieve dredging projects that
fulfil primary functional requirements,
while adding value to the natural and
socio-econamic systems. Thisisjust
one of the questions addressed during
the 3-day course thatis basedonthe
philosophy of the book, Oredging for
Sustainable Infrastructure.

Experienced lecturerswill describe the
latest thinking and approaches, explain
methodologies and technigues, and
demonstrate through engaging warkshops
and case studies, how toimplement the
information in practice.

During the course, participants will learn

how toimplement the sustainability principles

intodredging project practice, through

answers to the following guestions:

- Whatistherole of dredgingin the globaldrive
towards more sustainable development”?

« Howcanwaterinfrastructure be designed

andimplementedinamore sustainable and
resilientway”?

- Howcanthe potential positive effects of
infrastructure developmentbe assessed
and stimulated aswellas compared with
potentialnegative effects?

» Whatequipmentandwhich sediment

management options are available today?

Abriefintroduction to the question, “What

knowledge and tools are available to make

sound choices and control a project?”

Register forthe course at
https://bitly/DfSI-dJune2023.
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Dredging and Reclamation Seminar
3-7 July 2023

IHE Delft Institute for Water Education
Delft, The Netherlands

About the seminar

Since 1893, the IADC hasregularly held a
week-long seminar developed especially
farprofessionalsindredging-related
industries. These intensive courses have
beensuccessfully presentedin the
Netherlands, Singapare, Dubai, Argentina,
Abu Dhabi, Bahrain and Brazil. With these
seminars, IADC reflectsits commitment
to education, encouraging young people
toenterthe field of dredging and impraving
knowledge about dredging throughout
the world.

Forwhom

The seminarhasbeendeveloped for both
technicaland non-technical professionalsin
dredging-related industries. From students
and newcaomersin the field of dredging to
higher-lever consultants, advisors at part
and harbour autharities, offshore companies
andotherorganisations thatcarry out
dredging projects. Attendees will gain a wealth
of knowledge and a betterunderstanding of
the fascinating andvital dredging industry.

Inthe classroom
Thereisnootherdredging seminar that
includes aworkshop coveringacomplete
tendering process from start to finish.
Thein-depthlectures are presentedby
experienced dredging prafessionals from
IADC member companies. Their practical

2nd Seminar

9-13 October2023
Venue to be confirmed
Manila, Philippines

knowledge and professional expertise are

invaluable forin the classroom-based

lessons. Amang the subjects covered are:

» thedevelopmentofnew portsand
maintenance of existing ports;

= projectdevelopment: from preparation
torealisation;

- descriptions of types afdredging
equipment;

- costingofprojects;

« typesofdredgingprojects; and

= environmental aspects of dredging.

Site visit: seeingis believing

Practical experienceis pricelessand it
sets aside this seminar from all others.
There willbe asitevisitto adredgingyard
oradredgingprojectofan|ADC memberto
allow participants toview and experience
dredging equipment first-hand to gain
betterinsightsinto the multi-faceted field
of dredging operations.

Networking

Networking is invaluable. Adinner where
participants, lecturers and other dredging
employees caninteract, network, and discuss
thereal hands-onworld of dredging provides
anotherdimension to this stimulating week.

Certificate of achievement
Each participantwillreceive a set of
comprehensive proceedings and at the

Submissions for

IADC Safety Awards 2023
Conceivedtoencourage the
development of safety skills on the
job aswell as heighten safety
awareness, the awards recognise
the exceptional safety performance
of a particular project, product,
vessel, team oremployee.

Two safety awards will be presented
in2023:0ne toadredging organisation

and a secondtoasupply chain
organisation active in the dredging or
offshore industry. Thisconcerns
subcontractors and suppliers of goods
andservices.

Thereisnolimittothe number of
submissions that can be submitted
and the awards are open to both
IADC members and all other dredging
contractors. Summit your
submissions before 31May 2023

via https://bit.ly/SafetyAward2023.

end of the week, a certificate of achievement
inrecognition of the completion of the
coursework. Fullattendance isrequired

to attain the certificate.

Formoreinformation and how toregister
visithttps://bit.ly/IADC-events.
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BOOKREVIEW

ENERGY EFFICIENCY

CONSIDERATIONS FOR
DREDGING PROJECTS
AND EQUIPMENT

The information paper by CEDA's Working Group
on Energy Efficiency (WGEE) aims at raising
awareness and supporting informed decision-
making by members. The paper promotes
sustainable and cost-effective measures in

support of energy efficiency.

The questtoimprove the energy efficiency of
dredging projects and equipment has been a
constant goalwithin the industry, particularly
as fuel pricesrise and the IMO's greenhouse
gas emissions strategy comes underrevision
thisyear

Through the exploration of concepts, such
asthelife cycle of infrastructure projects,
alternative fuels and technical improvements,
the paperdetermines that farenergy
efficiency to be sustainable, it needs to
factorin both environmental practices

and the economy. This creates a business
case forowners of dredging equipment to

be early adopters of new technologies for
their fleet to keep pace with market trends

The paperisdividedinto five sections.
Sectionldefines the drivers behind the
quest forenergy efficiency and benchmarks
the CO2 emissions of the dredging industry.
Section 2 summarises actual global,
interregional and national palicies, and
legislation with a focus on Greenhouse

Gas (GHG) emissions. Section 3 considers
the topic from the perspective of a dredging
project and section 4 with a focus on the
dredging equipment. A final section provides
practical examplesin the form of three

case studies

TERRAETAQUA

The authorsargue thatinvestingin new
technology to optimise energy efficiency can
helpreduce inefficiencies within operational
procedures, ensure regulatory compliance and
reduce operational costs by using less fuel.
Thus, dredging companies making these
investments will see benefits to theirbusiness

The paperalso highlights the importance of
reducing a dredging project'simpact on air
quality (localimpact) and climate (global
impact) Toimplement this, project managers
must take into account the phases of life cycle
infrastructure projects to address the energy
efficiency of dredging campaigns

As emission legislation becomes stricter, itis
imperative thatdecisions are made early onin
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A CEDA Information Paper

=NERGY EFFICIENCY
CONSIDERATIONS
FOR DREDGING
PROJECTS AND
cQUIPMENT

the projectinitiation phase to ensure that
energy cansumptionis managedin a
sustainable manner throughout all
subsequentlifetime phases of the project

Author: Members of the CEDA Working Group
on Energy Efficiency Considerations (WGEE)
fordredging projects and equipment

Publisher: Central Dredging Association (CEDA]
Published: January2023

Language: English

Price: free to download

Available from
https://dredging.org/resources/ceda-
publications-online/position-and-
information-papers
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IADC stands for International Association of Dredging
Companies’andis the global umbrella organisation

for contractorsin the private dredging industry.

IADC is dedicated to promoting the skills, integrity
andreliability of its members as well as the dredging
industry in general. IADC has over one hundred main
and associated members. Togetherthey represent

the forefront of the dredging industry.
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