





EXPERT IMPACT

In arbitration or court proceedings, the role of an
effective dredging expert witness can significantly
influence the outcome of a case by providing

clear, unbiased and well-supported testimony.
Read about the lessons learned from two notable
expert witness cases on page B.
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EDITORIAL

CHARTING THE
NEXT CHAPTER

Inaworld marked by rapid change, geopolitical uncertainty
and intensifying climate pressures, the work of the
dredging industry remains guietly foundational. Ports
must expand to support global trade, waterways must
adapttoshifting sediment dynamics and coastlines and
reservoirsrequire careful managementas climate
pressuresintensify. Asinfrastructure systems face new
challenges, the role of dredging in enabling resilient water
management and maritime access hasrarely been
clearer.Against this backdrop, this spring edition brings
togetherperspectives thatreflect both the technical
depth and evolving responsibilities of our sector.

Thisissue also marks a moment of transition for the
associationitself. We are pleased to welcome Arnold de
Bruijn asthe new Secretary General of IADC. Inthe

The role of dredging in
enabling resilient water
management has rarely
been clearer.

feature on page 16, Arnold reflects on the professional
path that broughthimtothisrole and the experiences
that shaped his perspective on the dredging industry.
With a career spanning operational and strategic
aspectsof the maritime industry, he shares his thoughts
onstrengthening collaboration within the sector and
ensuring thatthe industry continues to play a
constructiverolein addressing global water and
infrastructure challenges. Leadership transitions offer
achance tobothrecognise pastachievements and
look ahead, and thisinsight provides an engaging
introduction to the priorities that will help guide IADC
intheyearstocome.

Elsewherein thisissue,we explore several themes
that demonstrate the increasingly multidisciplinary
nature of dredging today.

Disputesincomplexmarine infrastructure projects are
notuncommon, and when they arise, clarity and objectivity
are essential. The article on the role of a dredging expert
witness examines the responsibilities and challenges
faced by specialists providing independent technical
evidence in arbitration andlitigation.

Climate adaptation and sustainability remain central
totheindustry's future. Winner of the IADC Young
Author Pitch Talk Award 2024, Lara Gehrmann explores
reservoir sedimentation anditsimpact onlong-term
water storage capacity. By examining continuous
sediment transfer as a potential solution, the article
highlights how effective sediment management can
contribute toenvironmental sustainability and
infrastructure resilience.

Environmental stewardshipis also at the heart of our
final feature, examining turbidity forecasting to support
adaptive dredging operations at the Port of Sohar.

The case study shows how predictive modelling enables
proactive decision-making, allowing dredging to proceed
efficiently while maintaining environmental compliance.

Together, the articlesin thisissueillustrate anindustry
that continues to evaolve while adapting to ever-changing
challenges,underscoring IADC’s commitment to guiding
itsmembers and strengthening the resilience and global
impact of the dredging sector.

Frank Verhoeven
President, IADC

#178-SPRING 2026 S






Photo @ Shutterstock

THEROLEOFA
DREDGING EXPERT
WITNESS

In arbitration or court proceedings, the role of an expert
witness s crucial, especially in a specialised field such as
marine infrastructure and dredging. An effective dredging
expert witness can significantly influence the outcome of
a case by providing clear, unbiased and well-supported
testimony. This article explores what makes an effective
dredging expert witness, their duties to the tribunal, what
to look for when selecting an expert, common mistakes
made by experts and lessons from two notable expert
witness cases.

Why use adredging expert witness?

Thereisnospecific definition of “expertise”, butitis demonstrated to the court by virtue of an
expert'sknowledge, skill, experience, training and education. Adredging expert witnessis a
professionalwith specialised knowledge and experience in all facets of dredging operations who
provides independent, unbiased testimony in arbitral or court proceedings. Theirroleis to assist
the tribunal orcourtinunderstanding technical aspectsrelated to dredging, such as
methodologies, equipment, estimates, environmental impacts and regulatory compliance.

Adredging expertwitness can be usedinvarious situations where specialised knowledge of
dredging operationsisrequiredto provide clarity ontechnical mattersin adispute that proceeds
toarbitration orthe courts.

Key characteristics of a dredging expert witness

Specialised knowledge: They possess in-depth expertise in dredging, including
technical, operational, and environmental aspects.

Impartiality: They provide objective and unbiased opinions, regardless of which party
engaged them.

Communication skills: They can explain complex technicalinformationin a clear,
concise and understandable manner.

Professionalism: They maintain a high level of professionalism and credibility
throughout the proceedings.

Inessence, adredging expertwitness plays acrucialrole in ensuring that technical aspects of
dredgingdisputes are accurately and clearly presented, aiding in the fairresolution of the case.
Oftenthereisaperceptionthat the dredging expert appointed by each partyisa “hired gun”and
isanswerable to the party thatengaged them. As will be discussed laterin the Lester case, the
experthasaprimary duty to the tribunal not to the party that engaged them.
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Below are some scenarios when and why to consider using a dredging
expertwitnessinacourtortribunal setting:

Contractdisputes:Incaseswhere there are disputes overthe terms,
performance, or completion of dredging contracts, an expert witness

canprovideinsightsintodredging process physics, industry standards,

bestpractices and whetherthe workwas performed according to the
contract specifications.

Environmental Impact Assessments: When there are disputes about
the environmental impact of dredging activities, an expert witness can
assess and testify onthe potential oractual environmental effects,
regulatory compliance, practical feasibility of imposed restrictions and
effectiveness of achievable mitigation measures.

Project delays and cost overruns: If a dredging project experiences
delaysorcostoverruns,anexpertwitness cananalyse the causes and
effects, estimate efficiency, productivity and costs, evaluate the
reasonableness of the delays or costs, and independently determine if
theywere avoidable orjustified. Theirindependent evaluation provides
clarity onwhetherinefficiencies, unforeseen conditions or contractual
misalignments contributed to the averruns.

Duties of adredging expert withess

Providing independent opinions: Offering unbiased analysis
and opinions based on evidence.

Assisting the tribunal: Helping the tribunal understand
technicalissuesrelated tothe case.

Preparing reports: Creating comprehensive, concise and clear
reports that outline their findings and opinions.

Testifying: Presenting their findings and answering questions
during tribunal or court proceedings.

Technical disputes:Incasesinvolving technical disputes, such as
the physical feasibility of dredging operations, adequacy of dredging
equipment, suitability of methodologies or the quality of the dredged
material, an expertwitness can provide impartial technical evaluations
and well-supported opinions.

Regulatory compliance: When there are allegations of non-
compliance with regulatory requirements, an expert witness can
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review the project's adherence torelevantlaws and regulations.
They provide an independent evaluation of compliance, identifying
potential breaches, theirimplications and whether corrective actions
were takeninaccordance with regulatory requirements and industry
best practices.

Specialised knowledge: Dredging is a highly specialised field that
requiresin-depth technical knowledge grounded in both scientific
principles and field experience. An expert witness brings this
combined knowledge to the tribunal, helping to clarify complex
issues, assess technical feasibility and provide well-informed
evidence-based opinions.

Objective analysis: An expertwitness provides anindependent and
objective analysis of the issues at hand. Theirimpartiality ensures that
theirtestimonyis credible and reliable.

Clarification of technical issues: Expert witnesses can explain
technical terms, methodologies and the implications of their findings in
away thatisunderstandable to non-experts,including arbitrators and
legal professionals.

Support forlegal arguments: The testimony of an expertwitness can
supportlegalarguments by providing evidence-based, objective
opinions that align with the technical facts of the case. Their
expertise ensures thatcomplexdredging-related matters are
accuratelyinterpreted.

Resolution of disputes: The insights and opinions of an expert
witness can help disputes resolution by providing a clearand
authoritative perspective ontheissues. Their objective analysis can
help partiesreach early settlements or supportinformed decision-
making by the tribunal.

Using adredging expertwitness inthese scenarios ensures that
the tribunalhas access tothe necessary expertise to make informed
decisions, ultimately contributing to a fairand just resolution

of disputes.

Characteristics of an effective dredging expert withess
Selecting theright dredging expertis crucial forensuring credible and
effective testimonyin courtorarbitral proceedings. Here are key
criteriatoconsider:

Expertise and experience: An effective dredging expert witness
must have extensive academic knowledge and experience in the field
of dredging and their knowledge should be current. This includes
understanding the technical aspects of dredging operations,
environmentalimpacts andregulatory requirements. Forexample,
an expertwithyears of hands-on experience in managing dredging
projects and a solid academic background in marine engineering or
arelated field would be highly valuable.

Trackrecord, professionalism and credibility: Review the expert's
history of praviding credible and reliable testimony in similar cases.
Conduct thorough researchinto their professionalism, ability to remain
impartial and preparedness for cross-examination. Not all experts are
suited fora tribunal setting, so selecting one with proven experience,
compasure under scrutiny and areputation for delivering well-
substantiated opinionsis essential.

Impartiality and independence: An expert witness must remain
impartialand independent, providing unbiased opinions based on
facts andevidence. Their primary duty is to the tribunal, not to the
party that engaged them. Thisimpartiality ensures that their
testimonyis credible andreliable.

Effective communication skills: The ability to communicate complex
technicalinformationin aclear,concise and understandable manneris
essential. Agood expertwitness can explain their findings and opinions
inaway thatisaccessible to non-experts, including arbitrators and
legal professionals.

Thoroughness and attention to detail: Agood expert witness applies
methaodical approach toanalysing all relevant data and documents.
They must be meticulousin theirwork, ensuring that theirassessments
are comprehensive, accurate and well-substantiated with evidence.
Credibility and professionalism: An expert witness must maintain a high
level of professianalism and credibility. Thisincludes being well-
prepared for cross-examination and presenting themselves
confidently and respectfully in tribunal proceedings.

Duties to the tribunal

The primary duty of an expertwitnessistoprovide independentand
unbiased opinions to the tribunal. They must base their testimony on
objective analysis and evidence, regardless of the interests of the party
thatengaged them.

Expertwitnesses help the tribunalunderstand complex technical issues
related tothe case. Thisinvolves explaining technical terms, physics,
methodolagies and the implications of their findings. They must prepare
detailedreports that outline theiranalysis, findings and all the reference
sources forany opinions. These reports should be clear, concise,
well-structured, methodical and supported by tangible evidence.

Expertwitnesses may be required to testify in tribunal proceedings,
presenting their findings and answering questions from the tribunal
and opposing counsel. They must be prepared to verbally defend their
opinions and withstand sometimes intense cross-examination by
legal counsel.

Common mistakes made by expert witnesses
Not all experts make effective expert witnesses. The followingis a
listing of some of the most common mistakes made.

Lack of impartiality: One of the most common and fundamental
mistakes made by expertsis failing to maintain impartiality. An expert
who appears biased or aligned with the interests of the party that
engaged them canundermine their credibility and the weight of their
testimony. Thisis acommon, yet basic mistake made by expert
witnesses. Experts are most oftenrecruited by one side of the
adversarial system and work within the team and objectives of that side.
This places many expertsinanon-neutral environmentand posture
and can subconsciously influence their perception and judgments.

Inadequate preparation: Failing to thoroughly prepare for the case,
including reviewing allrelevant documents and data, requesting for
missinginformation canlead toinaccuracies and weaknessesinthe
expert'stestimony. Ensure the expert has the availability to dedicate
sufficienttime to the case. They should be responsive and able to meet
deadlines forreport submissions and testimony.
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Overconfidence: Overconfidence orarrogance canlead to an expert
making unsupported assertions or failing to acknowledge the
limitations of theiranalysis. This can be extremely detrimental during
cross-examination. An expert should be prepared to admitwhen they
have made a mistake and adjust their submissions accordingly.

Poor communication: An expertwho cannot effectively communicate
their findings and opinions may struggle to convey the significance of
theirtestimony to the tribunal. This canresultin misunderstandings
andreducedimpact.

Failure to address counterarguments: Agood expertwitness
anticipates and addresses potential counterarguments. Failingtodo so

canleave theirtestimany vulnerable to challenges from oppasing counsel.

The Lester and Sullivan expert witness cases

The Lestercaseiswellknown andreported onandservesasa
cautionary tale forthe conduct of expert witnesses. Inthe case of the
English Technology and Construction Courtissued a judgment that
was highly critical of the claimant's quantum expert.

The caseinvolved the laying of a gas export pipeline for the Shetland
Gas Project. The project faced delays and the claimants sought
compensation fordisruption and prolongation costs. The guantum
expert forthe claimants valued the claims at GBP 10 million. However,
the court found Mr Lester the expert's evidence to be entirely
worthless for severalreasons:

Lackofindependent analysis: The expert took the claimants’
pleadings at face value withoutindependently verifying the underlying
documents.This lack of independent analysis undermined the
credibility of the expert's testimaony.

Ignoring actual costs: The expert disregarded actual costs
incurred by the claimants in favour of made-up or calculated rates.
This approach was not supported by evidence and was heavily
criticised by the court.

Fundamental errors and concessions: The expert made
fundamental errorsin theiranalysis and was forced to make multiple
concessions under cross-examination. This significantly weakened
the expert's testimaony.

Unhappiness withreports: The expertadmitted under cross-
examination that they were unhappy with theirownreports and found
them confusing and, inoneinstance, misleading. This admission further
damaged the expert’s credibility.

Failure to critically analyse claims: The expert failed to critically
analyse the claimants’'claims and did not consider alternative
assumptions orvaluations. This lack of critical analysis was a major
flawin the expert's approach.

Asaresultoftheseissues,the courtrelied wholly on the defendant’'s
expert,whowas found to be independentand clearin their testimony.

10 TERRAETAQUA



Inconsidering Lester's expert's evidence MrJustice Coulson did not
hold backin his criticism. Coulson J stated:

"[the expert's] abrupt departure from the witness box at a shart break
for the transcribers, never to return, was an indication of the stress he
was under. But I regret to say that | came to the conclusion that his
evidence was entirely worthless".

The Lestercaseisnotalone.Morerecentlyinthe UK's High Court

of Justice between lya Patarkatsishvili/Yevhen Hunyak and William
Woodward-Fisher,the High Court Judge Mr Justice Fancourt, inhisruling,
expressed concerns about the expert Mr Sullivan's approach. Sullivanis
the CEO of Royal Institution of Chartered Surveyors (RICS). The judge
notedthat Sullivan appearedtohave alimited grasp of case details and
demonstrated "flawed" judgement. Furthermore, the judge observed that
Sullivan seemed reluctant to make reasonable concessions orconsider
revising his opinions when challenged. Contrasting Sullivan's
performance, the judge praised the other expertwitness, Mr Daly, for

his sensible and helpful testimony, particularly on costs matters.

The apparent attitude of Sullivan as commented on by the judge is
allthe more surprising given that the experts' own supervisory body, the
RICS, provide practice notes and guidelines to ensure expert witnesses
meet the standards and expectations required of them. With all this
literature and guidelines in mind, itis surprising that cross-examination
disasterssuch asthese two highlighted cases continue to occur.

Both cases emphasise the importance of selecting, instructing and
supervising expertwitnesses carefully. It also underscores the need
forexpertstoconduct thorough and independent analyses, maintain
impartiality, be well-prepared for cross-examination and revise their
evidence if the need arises.

Protocol for the use of party-appointed expert witnesses
The Chartered Institute of Arbitrators' protocol for the use of
party-appointed expert witnesses ininternational arbitration (2015)
provides a structured framework for the use of expert witnesses
appointed by partiesin arbitration proceedings. Below are the key
points of the protocal:
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Purpose: The protocol aims to ensure the efficient and economical
preparation and presentation of expert evidence ininternational
arbitrations, especially those involving parties from different

legal traditions.

Scope:Itapplies specifically to party-appointed experts, not
tribunal-appointed or single-joint experts.

Flexibility: The protocol is designed to be adaptable. Parties and
arbitraltribunals can adoptitinwhole orin partoruseitasaguideline
to develop theirown procedures.

Key provisions:
Independence: Experts must be independent and impartial.

Expert meetings: Experts may meetbefore producing theirreports
toidentify and narrow down the issues.

Expertreports: Detailed guidance is provided on the content of
expertreports,including what should and should not be included.

Testing opinions: Procedures for testing the experts' opinions
through cross-examination or other means are outlined.

Alignment with IBA rules: The protocaolis structured similarly to
the International Bar Association (IBA) rules of evidence and expands
onthem by providing more detailed guidance on certain aspects.

The International Bar Association (IBA) publishes these rules.
The IBAis aglobal organisation of legal practitioners, bar
associations and law societies, which aims to influence the
development ofinternational law reform and shape the future
of the legal profession worldwide.

Phot Shutterstock

The IBArulesonthe taking of evidence ininternational arbitration
are a set of guidelines designed to provide an efficient, economical
and fair process for the taking of evidence ininternational arbitration.
Theserules covervarious aspects, including the presentation of
documents, witness testimony, expert evidence and the conduct of
evidentiary hearings.

The protocoland IBArules of evidence help streamline the process
of using expertwitnessesinarbitration, promoting clarity and
efficiency. An arbitral tribunal will likely adopt some guidelines such
asthe protocolorIBArules of evidence to assist the parties experts
inwhatisrequired of them.

Hot-tubbing —whatisit exactly?

Hot-tubbing, also known as concurrent evidence, is a practicein
arbitrationwhere expert witnesses provide their testimony
simultaneously ratherthan sequentially, so that they might engage in
discussion and address questionsin parallelinstead of being cross-
examined individually by counsel. The practice, firstintroduced in
Australia, has beenusedin Australian courts forover 20 years and has
since gained popularity in otherjurisdictions, including the United
Kingdom, Singapore and Canada. The method was developed to
address concerns about the efficiency and clarity of expert testimony
inlegal proceedings. The hot-tubbing method allows experts to discuss
issues directlywith each otherand the tribunal, fostering a more
interactive and efficient examination process.

Key advantages are:

Efficiency:

= Timesaving: By having experts present theirevidence concurrently,
the tribunalcan address allrelevantissuesinone session,
significantly reducing the overall time required for expert testimony.
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This avoids the repetitive questioning that can occurwhen experts
testify sequentially.

- Focuseddiscussions: Expertscandirectlyrespondtoeachother's
points, which helps to quickly clarify and resolve technical issues,
making the process mare streamlined.

- Clarity: The tribunal can hear competing expert opinions on the
same issue side-by-side, making differences and assumptions
immediately apparent.

« Directcomparison: The tribunal can directly compare the opinions
of different experts on the same issue, which helpsin understanding
the nuances anddifferencesin theirtestimonies.

< Interactive dialogue: The interactive nature of hot-tubbing
allows foramore dynamic exchange of ideas, which canlead to
aclearerand more comprehensive understanding of complex
technical matters.

Credibility:

- Real-time assessment: The tribunal can observe the demeanour
andreactions of expertsas theyinteract, which provides valuable
insightsinto their credibility and the robustness of their opinions.

« Peerscrutiny: Expertsare more likely to provide accurate and well-
supported testimony when they know their peers willimmediately
scrutinise theirstatements.

Cost-effective:

- Reducedhearing duration: By shortening the time needed
forexpert testimony, hot-tubbing can lead to shorter hearings,
whichinturnreduces the costs associated with prolonged
arbitration proceedings.

- Lowerpreparation costs: Since experts prepare forasingle,
consolidated sessionratherthan multiple separate ones, the
preparation costs canbelower.

Comfort:

- Collaborative environment: Experts may feel more comfortable
andless adversarialin asettingwhere they can discussissues
collaboratively ratherthan being cross-examined inisolation.

» Enhancedtestimony quality: This comfort canlead to more candid
and precise testimony, as experts are able to explain their views
inamore relaxed and supportive environment.

The hot-tubbing approach when used effectively streamlines the
experts'submissions and evidence inthe arbitration processandis
provenasimproving the quality of expert evidence.

Professional negligence of an expert witness

Since the case of Jonesv Kaney (2011), expert witnesses can now
facelegal action for providing negligent expert evidence. Inthat case
inwhatwas seen as alandmarkruling, the Supreme Court-bya
majority of five to two —decided that expert witnesses were not
immune inthe law of England and Wales from claims in tort or contract
formatters connected with their participationinlegal proceedings.
Thisreversedaline of autharity of immunity dating back400 years.

Itiswidelyrecognised that a case often turns on expert opinion.
Straying beyond the expert's field of expertise or offering an
unsustainable opinion could resultin the court or arbitral tribunal
rejecting and dismissing the expert’'s evidence entirely or favouring
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the opposing party's expert opinion as happened in the Lesterand
Sullivan cases.

Conseguently, this could scupper the prospects of a party successfully
bringing or defending a claim that might otherwise have beenwon

with competent expert evidence. Insuch circumstances, if the expert
acts negligently it may deprive the party instructing the expertofa
successfulclaim ordefence, so the expert could find themselves facing
aprofessional negligence claim and payment of damages.

Anyexpertactinginacaseiswell advised to obtain adequate
professionalindemnity (Pl) insurance to avoid personal liability for any
costs,damages orclaims brought by an aggrieved instructing party.
Where an expertwitness already holds Pl insurance, the policy wording
should be checked carefully to ensure that expert witness work falls
within the scope of the cover.
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The most effective experts
combine academic with hands-on
field expertise, demonstrating
impartiality, effective
communication skills, thorough
analysis and professionalism.

Training for expert witnesses

Training is essential for expert witnesses to ensure they are well-
prepared to provide effective and credible testimony in legal and
arbitration proceedings. Listed below are key reasons why expert
witnesses should undergo training:

Understanding legal processes: Training helps expert witnesses
understand the legal framework and procedures of the judicial or
arbitration system. Each jurisdictionis differentin how expert
witness evidence is handled. This understanding includes knowledge
of courtroom etiquette, theroles of the expert and the stages of legal
proceedings. Familiarity with these processes enables experts to
navigate the system confidently and effectively.

Enhancing communication skills: Effective communicationis
crucial forexpertwitnesses and where having a knowledgeable
expertmay notbe enough. Training programs often focus on
improving the ability to convey complex technical informationina
clear,concise and understandable manner. This ensures that the
expert’stestimony is accessible to non-experts, including judges,
arbitrators andjurors.

Maintaining impartiality: Training emphasises the importance of
impartiality and independence. Expertwitnesses learnto provide
unbiased opinions based on evidence, regardless of which party
engaged them.This enhances their credibility and the reliability of
theirtestimaony.

Preparation for cross-examination: Cross-examinationinacourt
settingis onerous and can be extremely challenging and unnerving.
Training prepares expertwitnesses to handle it effectively. Theylearn
strategiestoremain composed, answer questions accurately and
defend their opinions under scrutiny.

Report writing skills: Expertwitnesses are oftenrequired to prepare
detailed reports. Training helps them develop the skills to create
comprehensive, well-organised and evidence-based reports that
clearly outline their findings and opinions.

Insummary, training equips expertwitnesses with the necessary
skillsand knowledge to provide credible, clear and unbiased
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testimony, ultimately contributing to the fairresolution of disputes.
Any personwhointends toactas anexpertiswell advised to follow
astructuredtraining course, such as those run by Unisearch, the
Academy of Experts orthe Resolution Institute. Training is well worth
theinvestmentasthe Lestercase shows.

Conclusion

An effective dredging expert witness plays avitalrole in arbitral or
court proceedings by providing independent, unbiased and well-
supported testimony. The most effective experts combine academic
with hands-on field expertise, demaonstrating impartiality, effective
communication skills, thorough analysis and professionalism.
Theirduties to the tribunalinclude providing independent opinions,
assisting in understanding technical issues, preparing clear, concise
andreadablereports, and clearly testifying in proceedings.

Common mistakes made by expert witnesses include insufficient
analysis, lack of expertise, failure to maintain impartiality,inadequate
preparation, overconfidence, poor communication and failure to
address counterarguments. The Lestercase serves as astark
reminder of the serious consequences of these mistakes and the
importance of selecting and instructing expert witnesses with care.
By adhering to these principles, a dredging expert witness can
significantly contribute to the fairandjustresolution of disputes
inarbitral orcourt proceedings.
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MEET ARNOLD DE BRUIJN,
IADC’S NEW SECRETARY

GENERAL

On1November 2025, | stepped into the role of Secretary General of the International
Association of Dredging Companies (IADC). In many ways, it felt like the natural
continuation of a journey that started long before | ever imagined a career in dredging.
My fascination with water, the maritime world, engineering and, above all, teamwork has
shaped every decision | have made, from my earliest days in the Sea Scouts to becoming
a naval architect and, later, an association professional. Looking back, each chapter
prepared me for this new responsibility: helping guide an industry that shapes coastlines,
protects communities and keeps global trade moving. This article reflects on that
journey and shares my perspective on where our industry is headed. It is also the story of
how | found myself “stuck in the mud,” why | am grateful forit and why | believe dredging

is more essential than ever.

Early currents: Discovering the
maritime world

My maritime story began long before my
professionallife, duringweekends spent with
the Sea Scouts. | spentcountless daysonthe
water, learning to read wind and weather,
navigatingwith acrew and developing not just
the practical skills of sailing but also a deep
connectionwith the sea. Oddly enough, I have
never enjoyed swimming, but sailing a ship,
adjusting the sailsto squeeze out every bit of
speed,or beating acourse against the wind
made me feel asif | could command the world.

Thenwintercame and the ships were hauled
ashore. Maintenance was not optional;itwas
part of the culture. Warking on ropes, wood,
paintand hulls shaped an early and lasting
interestin shipbuilding. When the time came to
choose afield of study, naval architecture was
the obviousdirection. During my studies, |
developed astrong foundation in ship design
and construction, while gaining a growing
appreciation forthe practical realities of the
maritime industry.

Into the mud: My introduction to dredging
My firstjob at Royal IHC opened the doorto
the dredging sector,though I had noidea that
itwould define my career. Onmy very first day,

acolleague nearingretirementgave mea
friendly warning: “Once you getstuckinthe
mud, you'llnever get out.” I laughed, thinking it
was ajoke. It turned out to be absolutely true.

Dredging captured me instantly. The
complexity of the equipment, the scale of
the projects, the fusion of engineering with
geology, hydraulics and nature, it was unlike
anything else. Compared to adredger, a
containervessel suddenly felt like a shoebox
with anengine. Adredgerisawaorldinitself:
its designisdriven by sail properties,
hydraulic transport, excavation forces and
constantinteraction with the seabed.

Duringmy years at Royal IHC, | learned
about sediment behaviour, soil excavation,
hydraulic transport, cutting forces and the
challenge of translating all of thatinto
reliable onboard systems. | worked with
nearly every IADC member and experienced
almost every phase of avessel'slifecycle,
from R&D and design to commissioning, sea
trials and dredgers in operation.

Eveninthoseearlyyears,| gained adeep
respect forthe practicalities of production,
therealities of operationand the need to
design equipment that createsreal value for

the end user.Overthe course of 12 years, |
progressed fromtechnicalroles to leadership
positions, ultimately managing an engineering
departmentof 350 professionals.

Cutters,rock andreallessons

Some of the mostinfluential experiences
of my engineering careerinvolved cutter
suctiondredgers (CSDs), by farmy favourite
type of dredger. CSDs concentrate
technology, precisionandraw forceintoa
single vessel. Their seamless integration of
mechanical cutting and hydraulic suction
creates acontinuous operation capable of
handling everything from soft sediments to
hard rock - capabilities unmatched by other
dredgertypes.

What fascinated
me most was the
power of the

collective voice.
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Asaboyinthe Sea Scouts, |wasdrawn to the seawithout knowing that one day, like my grandfather,

I'dbedrawnintodredging. The Poseidon was part of his story —proof that some tides runin the blood

One of the highlights of my careerwas
contributing to the development of simulation
software that combined vessel maotionsin
waves with therock cutting process. This
allowed us to betterunderstand and predict
forces onthe hulland spud carriage, and
provided crucial input for tuning the flexible
spud carriage system during commissioning
of alarge self-propelled CSD.

Yetitwasinthe field, duringameasurement
campaign tovalidate these predicted farces,
thatllearned the most.|spenttwo and a half
weeks on board that CSD workingin rocky
soil, expanding a harbourin the Middle East.
There, theory metreality. The seabed pushed
back.Thevesselvibrated under full load. Hard
spotssheared off cutterteeth ortriggereda
suddenroll that could throw you off balance.
The calculationswere correct, but the biggest
lessonwas human. We discovered thatthe
crew needed more training and clearer
instructions to harness the new system’s full
potential. Even as automation advances,
peopleremain atthe heart of every operation.
Theirexpertise,intuition and adaptability are
—andwillremain—irreplaceable.

Standing on acutterunderload teaches
youmore than any simulation evercan. It
teachesrespect, forthe forces of nature, for
technologicalingenuity and for the teamwark
that makes dredging possible.

From engineering to advocacy:

A new chapter

Overtheyears, | found myselfincreasingly
drawntorolesthatconnect people,ideas
and disciplines. Whether through complex
engineering projects orindustry-wide
collaborations, | discovered that | enjoy
building bridges justas much as | do
building systems.

Even as automation
advances, people
remain at the heart
of every operation.

In20186, I joined the Dutch Association of
Shipyards and Maritime Equipment Suppliers,
now Maritime & Offshore NL. There, | helped
shape the conditions enabling members to
excel—advocating foralevelinternational
playing field, contributing to soundrules
andregulations, supporting sectorwide
innovation projects, securing appropriate
subsidy programmes and promoting the
industry through guest lectures and
conference presentations.

| eventually became responsible for
organising the association’s advocacy

on national, European and international
levels, covering awide spectrum of topics.
What fascinated me most was the power
of the collective voice. As the saying goes,
“If youwantto go fast,go alone. If you want
togo far,gotogether.”In an association,
competitaors collaborate for the greater
good because meaningful impactrequires
shared commitment.

Speaking atthe Bth Hemispheric Conference on Sustainable Paort Managementin Lima, Peru

(Sept2025),onhowdredging supports long-term port sustainability.”
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Life between flights

Travellingto share the work of IADC
isavitalpartof myrole as Secretary
General. Visiting members, attending
conferences and meeting partners
around the world helps ensure our
industry’'s voiceis heard and our
knowledge is shared. Those
conversations spark collaboration
and supportinnovation across the
dredging community. | find the
constant exchange of ideas,
cultures and perspectives both
energising and inspiring. Outside
work, | enjoy travelling just as much,
taking time to explore new places
at aslower pace, experience local
cultures and connect with family and
friends along the way.

Coming full circle: Joining |IADC
Inearly 2025, the opportunity arose to apply
fortherole of Secretary Generalat|ADC, a
position thatdrew together my passion for
dredging, my technical background and my
experienceinassociation leadership. When
the Board offered me the position, | felt
honoured and deeply motivated.

Thedredgingindustry plays an essential,
ofteninvisible role in society: keeping ports
open and global trade flowing; protecting
coastlines from erosion andrising sealevels;
creatingnew land for growing populations;

restoringwetlands and natural environments;

and enabling the infrastructure of energy and
criticalraw materials.

In an association,
competitors
collaborate for the
greater good
because meaningful
impact requires
shared commitment.

These activities shape economies, protect
communities and create opportunities for
future generations.As an engineer, | was
always driven by designing solutions. As
Secretary General,lamdriven by enabling
theindustry totackleits greatestchallenges
and createimpactonalarge scale.

Key themes forthe years ahead

Asltake onthisrale, several priorities guide
my focus. Above all,l aim to strengthen the
dredging industry by working with and for our
members, ensuring the sector thrives through
collaboration and shared expertise.

1.Climate adaptation and resilience

The shift from climate mitigation to adaptation
isaccelerating. Rising sealevels demand maore
coastal protection. Geopaolitical shifts make
energyinfrastructure and access to ports
strategic priorities. Every country should have
aNational Adaptation Plan and dredging
activities should be a central component.
Cleaner,quieterand more responsible dredging
technologies must continue to evolve, not only
becauseregulationsrequireit, but because our
respaonsibility to future generations demandsiit.

2.Innovation and digital transformation
Digitalisation, monitoring, real time data and
automation are transforming many industries.
Artificialintelligence (Al) willaccelerate this
shifteven further. Yettechnologyisonly an
enabler, potentially increasing efficiency and
reducing costs, but people remain the heart
of dredging operations.

3.Knowledge sharing and next generation
engagement

Justaslarge maritime structures once
inspired me, we mustinspire future
engineers, sailors and technicians. Their
talentand creativity are essential for the
industry’s future.

4.Global collaboration

Climate challenges are international by nature.
Oursolutions must be too. With members
across the globe, IADC is uniquely positioned
tobring together stakeholders across borders,
fostering sharedinsights and promating best
practices worldwide.

Firststepsintherole

During my firstmonths, | focused on

strengthening visibility, collaboration and

knowledge sharing by:

- presenting the Dredging for Sustainable

Infrastructure philosophy and the

Sand as a Resource paper at the 24th

World Dredging Congress & Expasition

(WODCON XXIV)in San Diego;

awarding the IADC Young Author Award

toencourage freshinsights from the

next generation;

= inviting external speakersto|IADC
Committees tostimulate discussion and
supportthe formation of industry paositions;

= increasing the association's visibility among

stakeholders through targeted social media

outreach;and

adapting the Young Management

Programme toinclude reflectionsonthe

opportunities and threats of digitalisation

andAl.

These actions are just the beginning,
reflecting |ADC’s outward-looking, future-
focused approach andits commitment to
strengthening the global dredging community.

Grateful to be stuckinthe mud

More than 20 years after hearing that
memarable warning on my very first day, | can
confidently say, “l did get stuckin the mud
and I'mvery grateful | did!" Those muddy
boots are areminder of the hands-on
experience, challenges andlessaons that
shaped my understanding of dredging-an
extraordinary industry thatisdriven by
purpose,innovation and peaople.

lamhonoured to serve as |IADC's Secretary
Generaland am committed to guiding the
sector, strengthening the global community
around it and helping shape the resilient
coasts and waterways of tomorrow.
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SEDIMENT: THE
SILENT THREAT
TO RESERVOIR
SUSTAINABILITY

Reservaoirs are critical elements of global water
infrastructure, supporting water supply, flood
protection, hydropower generation and ecological
functions. Their long-term performance, however,
is increasingly undermined by sedimentation —a
slow and often overlooked process that reduces
storage capacity and disrupts natural sediment
continuity along river systems. This article
examines sedimentation as a key sustainability
challenge for reservoirs and impounded waters.

It outlines the causes and impacts of sediment
trapping, from declining reservoir capacity to
downstream river and delta erosion, and explains
why proactive sediment management is essential.
The article concludes by presenting continuous
sediment transfer as a sustainable approach to
maintaining reservoir functionality while restoring
sediment continuity.

Sedimentation and the silent loss of water storage
Whilereservoirs are vital forwatermanagement, their greatestlong-term challenge
issedimentation,which threatens bothinfrastructure and ecosystems.

Dams andreservoirs are crucial infrastructure. They secure drinking water
supplies, provide retention volume for flood protection, enable hydropower
generation and allow far the regulation of water levels. Beyond these primary
functions, reservoirs often serve as habitats for fish, birds and other species,
and are frequently used for recreation.

However, the impoundment of rivers fundamentally alters natural flow and sediment
dynamics.When ariverisdammed, flow velocities decrease significantly as the
water body widens upon entering the reservoir. Sediment that was previously
transported downstream begins to settle, with depasition typically starting at the
head of thereservoir. Asaresult, reservoirs actas sediment traps, interrupting the
natural sediment continuity of the river system.
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SUSTAINABILITY

Reservoirs are a cornerstone of global water
infrastructure, providing reliable water supply,
hydropower generation and flood mitigation.

Theretention of sediment has far-reaching
consequences downstream. Adeficit of
sedimentinthe tailwatercanalterriver
marphology, degrade wetlands and delta
regions,and compromise the stability of
riverbanks, hydraulic structures and other
infrastructure. At the same time, ongoing
sedimentation within the reservair
progressively reducesits useful storage
capacity.Qvertime, thisloss of volume can
severelylimitthereservoir's ability to fulfilits
core functions,including water supply, flood
controland energy generation.

Intheinitial years following dam construction,
sedimentation generally haslittleimpacton
operation. As depaosition continues, however,
the available storage volume decreases
rapidly and operational constraints become
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increasingly severe. Once a critical threshold
isreached, the reservoir's functionality can be
fundamentally impaired.

Sedimentationisaglobalchallenge that has
largely been postponed rather than
systematically addressed. Itis estimated that,
onaverage, 1-2% of global reservoir storage
capacityislosteachyearduetosiltation. This
loss exceeds the storage capacity added by
newly constructedreservoirs,resultingina
netglobaldecline.In Europe, projections
suggestthatupto70% of existing reservair
capacity could be silted up by 2060, while in
parts of Asia similar conditions are expected
asearlyas 2025 (Pereraetal,2023).

According to the World Bank, the 20th
centurywasthe eraoflarge dam

1940

1960 1980 1988

= nominal capacity
year

Globalloss of capacity due to sedimentation (edited, Jenzeretal, 2008).

construction,whereas the 21stcentury
must focus on preserving the functionality
of existing reservoirs. Preventing and
managing sedimentation will therefore be
one of the key challenges for the waterand
hydropower sectorifreservoirs are toremain
operational and economically viable in the
longterm (see Figure1).

Why sediment management is key to
reservoir longevity.

Reservoirsare acornerstone of global water
infrastructure, providing reliable water supply,
hydropower generation and flood mitigation.
Theirimportance is particularly pronounced in
regions with high hydrological variability, where
river flows fluctuate strongly on seasonal and
interannual timescales. In such settings, large
storage volumes arerequired to bridge dry
periods and multi-year droughts, ensuring
continuity of waterand energy supply.

Sedimentaccumulation progressively
reduces effective storage inreservairs,
directly impairing hydropower production,
water supply reliability,irrigation capacity and
flood control functions. In addition, altered
flow and sediment regimes degrade aquatic
habitats.In Run-of-River projects, sediment

2000 2020 2040

mresidual volume
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doesnot primarily reduce storage but causes
abrasion and damage to turbines and
hydraulic structures, leading to efficiency
losses, increased maintenance and high
repaircosts.Across allimpounded systems,
sedimentationis therefare a key limiting
factor for operationallongevity.

Historically,dams have been designed
according to a fixed “design life”" concept.
This approach estimates sedimentinflow and
trap efficiency and allocates a finite sediment
storage volume, typically corresponding to
500r100years of operation. Impacts beyond
thisharizon are often not considered,
implicitly accepting reservoir capacity loss
and eventualdecommissioning. Today, this
paradigmisincreasingly inadequate. Suitable
dam sites are scarce, construction costs are
rising and social and environmental
constraints strongly limit the feasibility of
newreservoirs. Atthe same time,dam remaoval
ordecommissioning can be technically
complexand economically prohibitive.

Beyondreservoirboundaries, sediment
trapping has downstream conseguences.
Retention of sediment disrupts sediment
continuity, oftenleading toriverbed erosion,
bankinstability and ecological degradation
downstream. These effects furtherunderline
the needtorethink sediment management not
only atthereservoirscale butacross the
entireriver system.

As manyreservoirs approach orexceed their
original designlife, operators and owners are
increasingly focused on extending functionality
ratherthanreplacinginfrastructure. This shift
requires a transition from passive sediment
storage toward active sediment management.
The central objective istomanage reservairs
andtheircatchmentsinaway thatbalances
sedimentinflowand outflow as faras
practicable, thereby stabilising storage
capacity and enabling a greatly extended-
potentially indefinite-operationallife.

Climate changereinforces the urgency of this
transition. Projectionsindicateincreasing
hydrological variability in many regions, with
more intense floods and more frequent or
prolonged droughts. These trendsincrease
dependence onreservair storage while
simultaneously raising sedimentyields due
toenhanced erosion. Without effective
sediment management, the reliability of
reservoirs under future climate conditions
will be fundamentally compromised.
Ensuring the long-term sustainability of

reservoirs andimpounded waters therefore
requires that sediment management be
treated asacore designand operational
criterion. New projects must explicitly
incorporate long-term sediment strategies,
and existing infrastructure should be adapted

wherever feasible. This perspective aligns
withinternational efforts such as those
promoted by the World Bank tointegrate
climateresilience and long-term performance
intowaterinfrastructure planning and
operation. (Annandale etal., 2016)

Mediterranean Sea

Mediterranean Sea

Erosion of the Ebro Delta (Spain) between1985and 2023.
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SediMover®

suction
head

reservoir floor

Working principle continuous sediment transfer.

Consequences of sediment trapping

for downstream environments
Fine-grained sediments are a fundamental
component ofriversystems and play akeyrole
in maintaining ecological and hydraulic
functions. Organic particlesin suspension
readily attach to fine sedimentand are
transported with the flow. In this way, fine
sediments actascarriers of nutrients that
supportaqguatic flora and fauna. During flood
events, these sediments are deposited onto
floodplains andriparian forests, supplying
nutrients that sustain alluvial ecosystems and
contribute significantly to biodiversity.

Fine sedimentalso has animportant
water-cleansing function. Suspended
particles can bind pollutants and residual
substances from wastewater treatment
plant discharges, facilitating their transport
and gradual removal from the water column.
In naturalrivers, adynamic equilibrium exists
between erosion and sedimentation,
governed by channel morphology and the
sediment transport capacity of the flow.
When sediment availability isreduced, this
balanceisdisrupted.

Asedimentdeficitin tailwaterareasleads
directly toincreased erosion of theriverbed
and banks. This poses aseriousriskto

winch system

sediment

Drop Zone

reservoir

hydraulic structures and infrastructure
such as bridge foundations, bank protections
and water level gauges.Inthe absence of
sufficient sediment, flow velocities and
erosive forces around these structures
increase, oftenresulting inlocal scour.
Overtime, thiscancompromise structural
stability and safety.

The effects of sediment deficit are already
evidentin many large Europeanrivers,
including the Elbe, Danube and Ebro (Figure
2),where progressive riverbed incision has
beenobserved. Erosional processes
propagate downstream, extending as far as
riverdeltas. Under natural conditions, land
subsidence and coastal erosion caused by
waves and tides are counterbalanced by the
continuous supply of fluvial sediment,
particularly fine material. Where this sediment
supplyisinterrupted, however, these
compensating processes fail, leading to
ongoinglandloss and deltaretreat.

Riverbed structure also strongly influences
oxygen and nutrient exchange. A
heterogeneous bed with interstitial voids
promotes hyporheic exchange, supporting
oxygenation and nutrientcycling.In contrast,
anarmouredriverbed limits this exchange,
creating undersupply conditions that

erosive transport

negatively affect benthic habitats and overall
biodiversity. As such, sediment deficitin
tailwaterareasrepresentsnotonlya
geomorphological and structural challenge,
butalsoacritical ecological issue that

must be addressed in sustainableriverand
reservoirmanagement strategies.

Erosion of river deltas — lessons from
the Ebro and Mississippi
Riverdeltas formwhereriversdischargeinto
standing bodies of water,such as seas, lakes
orreservoirs. These transition zones are
among the most productive and valuable
landscapes worldwide, providing high

The effects of
sediment deficit
are already evident
in many large
Europeanrivers.
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SediMover-130 at a projectin Italy during continuous sediment transfer.

biodiversity, fertile sails for agriculture,
carbonstorage, natural coastal protection
and space forsettlementandrecreation.
The stabilityand evolution of river deltas are
primarily governed by sediment dynamics.

Deltagrowth orretreat depends onthe
balance between fluvial sediment supply and
sedimentremoval by waves, tides and marine
currents. Where sediment input exceeds
removal, deltas prograde. Where sediment
supplyisinsufficient, deltasretreat. This
balance has beenincreasingly disturbed by
human activities, such as dam construction,
riverregulation, water abstraction, sediment
mining, land-use change and climate-
induced sea-levelrise. These pressures
reduce sedimentdelivery while simultaneously
increasing erosive forces, resulting in
widespread delta degradation (Pereraet
al,2022;Edmondsetal,2023;Speerliet
al.,2020).

Aprominent European exampleis the
Ebro Deltain Spain. As the largest wetland
inthe western Mediterranean, it supports
extensiverice cultivation, fisheries and

diverse bird populations. However, more
than100 damsin the Ebro catchment
havereduced fluvial sediment supply by
approximately 98%, triggering severe
coastal erosion and the loss of roughly

20% of the delta’s original area. Without
intervention, rising sea levels and continued
sediment starvation are expectedto
accelerate landloss. Currentresearch
emphasises the urgent need for sediment
reintroduction, hydrologicalrestoration and
adaptive land-use strategies to stabilise the
delta (Speerlietal,2020).

Similar processes can be observed atamuch
larger scale in the Mississippi Delta. Once
one of the most dynamic and sediment-rich
deltas globally, it now suffers fram extensive
land loss due toriverregulation, levee
construction and more than 6,000 dams in
the basin. These interventions have reduced
sedimentdelivery by approximately 80%,
resultinginthe loss of around 5,000 km? of
land since the 1930s. Projectionsindicate
that an additional 4,000 km?® could be lost
by the year 2100 if sediment supply is not
restored. Large-scale sediment diversions,

wetlandrestoration and controlled delta
building are therefore considered essential
countermeasures (Edmonds etal.,2023).

These examplesillustrate that sediment
deficits originating farupstream propagate
throughriversystems, affecting tailwater
reaches, coastalzones and deltas alike. Delta
erosionisthusnotanisolated coastalissue,
butadownstream symptom of disrupted
sediment continuity at the basin scale. Given
these escalatingrisks,innovative sediment
managementis essential.

A new approach to address

two challenges: continuous
sediment transfer

Sustainable sediment managementin
reservoirs must go beyond the mere removal
of deposited material. Its primary objective
should be therestoration of sediment
continuity withinthe river system. Sediment
is afundamental component of aguatic
environments and theirassociated
ecosystems. It mustremain available to the
natural system to sustain ecological
processes. Re-establishing sediment

#178-SPRING 2026 25



continuity helps compensate for sediment
deficits downstream and can significantly
reduce oreven preventadverse impactson
river morphology and ecology.

Apromising solution to thischallengeis
continuous sediment transfer. Hulskens
Sediments hasdevelopedthe ConSedTrans®
(Continuous Sediment Transfer) system,
operatedincombinationwith the SediMover®
floating dredging platform. Together, they form
afully monitored, controlled and largely
autonomous process thatrelocates sediment
fromupstreamreservoirareas todownstream
reaches, keeping the sedimentwithin the
aquatic systemratherthanremovingit
entirely. Figure 3 shows the working principle
of ConSedTrans. Afully automated small
dredging systemisinstalledinthereservair,
where dense sediments are loosened at the
bed using mechanical or hydraulic tools,
directly suctioned and conveyed downstream.

During operation, key transport parameters,
such as sedimentdensity, mass flow and
volumetric discharge are continuously
measured and evaluated inreal time. These
dataare usedtoactively control the dredging
and pumping process. This parameter-based
controlensures thatonlyas much sedimentis
released downstreamastheriver'scurrent
transportcapacity allows. As aresult,
excessive colmation or siltationis avoided,
while environmental thresholds and hydraulic
constraints arerespected.

Severaltransfer pathways are available.
Sediment-ladenwater can be introduced
upstream of the turbine intake ordirectly into
theintakeitself. In this configuration,the water
used forsediment transport simultaneously
contributestopowergeneration,ensuring that
hydropower productionis notreduced.
Alternatively, sediment can be conveyed

directly into the tailwaterviaa bypass system
or,where site conditions allow, pumped over
the dam crest. These options provide flexibility
toadapt the systemtosite-specific hydraulic,
operationalandregulatory constraints.

The key advantage of continuous sediment
transferliesinits adaptive control. The
process can be adjusted dynamically to
changing hydrological conditions, allowing
operatorstointervenedirectly andregulate
sedimentrelease asneeded. Thisensures that
sedimentistransported downstreamina
natural manner,remaining available farriverine
processes such as bedload transport, channel
self-cleansing and the mitigation of erosion.

Compared to conventional sediment
managementapproaches, which often
interrupt sediment continuity and exacerbate
downstream deficits, continuous sediment
transferrepresents anactive, sustainable and
ecosystem-oriented solution. By restoring
sediment connectivity, it supports the
long-term ecological functionality of rivers
while maintaining reservoir starage capacity
and hydropower operations.

Onaprojectinltaly 22,000 m®in total of
sediment (solids) could be transferred from an
artificial upperbasin through the turbine
intake and into the downstreamreaches.In
this case, the SediMover (Figure 4) was
operated around the clock atan average
delivery rate 0f 130 m*/h of mixed sediment

and water. This parameter-controlled
operation continued around the clock and
yielded very good results. Before and after the
projectwe conducted a bathymetric survey.
With theresults of the massdifferences, we
could testify our monitored sediment
transportrates. Usingin-between
bathymetric survey data,we can update the
basin model to optimise the sediment transfer.

Inasmall pilot project at a pond in southern
Germany, we tested the combinationofa
SediMover-130 to adewatering system.
The MUD unit from Amodes GmbH -a
mobile belt filter system for dewatering fine
sediments -was fed with material by the
fullyautomated SediMover.

During the project, the SediMoverwas
operatedin asemi-manual mode and
controlled according to the solids demand
ofthe MUD dewatering unit. In the future,
theinterface between the dewatering
technology and the SediMover will be
furtherdeveloped andincreasingly
automated,toenable operation with
reduced personnelrequirements.

Sediment managementis one of the major
challenges of the 21st century in dam and
reservoir operation, asitis essential for
prolonging the lifespan and functionality of
theseinfrastructures.Incontrastto
conventional dredging methods, which
remove sediment from theriver ecosystem,

Lara Gehrmannreceiving the IADC Young Author Pitch Talk Award from René Kolman (former
|IADC Secretary General), during the CEDA Dredging Days in Rotterdam, the Netherlands (May 2024)
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continuous sediment transfer supports both
the preservation of reservoir starage
capacity and the ecological integrity of
downstreamrivers. This approach employs
fully automated, small-scale dredging
systems thatloosen consolidated sediments
from thereservoirbed and transport them
downstreamin acontrolled and parameter-
based manner.

To ensure the long-term sustainability of
damandreservoirinfrastructure, sediment
management must be made a strategic
priarity in design and operation of dams.
Sediment management strategies that
restore and maintain sediment continuity
are a key enabling technology and must be
integrated more widely.
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TURBIDITY
FORECASTING
TO SUPPORT
ADAPTIVE
DREDGING
OPERATIONS

The Port of Sohar, located in the Gulf

of Oman, is constructing a jetty close
to acritical industrial seawater intake.
The project includes capital dredging of
a navigation channel, turning circle and
berth pocket, where turbidity control is
essential to protect water supply
operations. A pre-tender assessment
identified potential exceedance of turbidity
limits under unfavourable conditions,
leading to strict permit requirements.
To address this, a turbidity forecasting
model was developed to support daily
operational decisions. Using wind, tides,
dredging plans and soil properties, the
model enabled proactive, adaptive
dredging while maintaining compliance
and optimising productivity.

The Portof Soharisadeep-seaportatthe coast of Oman,whichisa
jointventure between the Government of Oman and the Port of
Rotterdaminthe Netherlands. The portis currently expanding through
the development of a new exposed jetty for LNG bunkering and export,
servingan LNG facility being constructed onlandreclaimedin 2018.This
projectincludes capitaldredging to create a navigation channel, turning
circle and berth pocket, with atotal dredging volume of nearly 4 million
cubicmeters. The dredged material willbe transported to a designated
offshore disposal site located 12 kilometres away, as instructed by the
environmental authority. Bathymetry surveys were undertaken at the
dredging and offshore disposal site before starting the dredging
operation.Anoverview of the projectlocationis givenin Figure 1.

#178-SPRING 2026 29




ENVIRONMENT

Thedredging areais situated near the includedintherequired permitsand No exploratory dredging scenarios were
seawaterintake of the port'sindustrial water Objection Certificates (NOCs). developed and assessed, starting with
service provider. This company supplies conservative assumptions of high spill rates
essentialwaterservices, such as cooling, The objectives of the turbidity modeling study and continuous discharges. Based onthe
potable and process water, to key operations were as follows: outcomes of these initial scenarios, more
within Sohar Part's various industries. These - Todetermine the extent of fine sediment realistic scenarios were defined, incorporating
services ensure a steady and sustainable plumes resulting from dredging activities; atypicaldredging cycle of a trailing suction
water supply forthe port's tenants, bolstering - Toassesstheincreaseinsuspended hopperdredger (TSHD) and its accompanying
theiroperational reliability. Increased sedimentconcentrations above ambient overflow spills. Additionally, a scenario without
suspended sediment concentrations at the levels caused by dredging operations; and overflow was considered, representing an
seawaterintake, particularly nearthe pumping - Topropose mitigation measurestominimise  adaptive dredging method that the dredging
station, pose acritical risk to the reliability of theimpact of fine sediment plumes contractor could implementif necessary.
bothindustrialtenants and desalination generated during the works.
facilities. Conseguently, turbidity monitoring The simulationswere run overa one-month
and control are crucial for the project. If Atthe time of the study, the exact details of period, factoring in 18 differentrelevant
turbidity levels exceed specified limits, the how the dredging operations would be carried ambientwind conditions. The model also
contractormustimmediately haltdredging outwerenotyetdetermined. Aconservative incorporated the operation of the seawater
activities untilthelevelsreturntowithin butrealistic approach was taken,as described intake and outfall to ensure anaccurate
acceptablelimits. inthe following section. representation of the ambient flow conditions,
including thermal effluent dispersion. All
Pre-tender turbidity assessment Model approach and input parameters model scenarios included a weekly-averaged
Toevaluate the potentialimpact of dredging Adetailed Delft3D-FLOW (http://oss. intake and outfall discharge of 540,000 cubic
nearthe seawaterintake facility, SoharPort,in  deltares.nl/web/delft3d/home) model was metres per hour (m*/h).
collaboration with a specialised consultant, usedtosimulate the far-field dispersion of
conductedan early pre-tender turbidity sediment spillsresulting from dredging The pre-tender turbidity model only calculates
assessment. The aimwas todetermine the operations. The main location of interest for the excess turbidity caused by sediment spills
sensitivity of the intake to the turbidity the computed suspended sediment from the dredging operation, excluding
generated by on-site dredging operations. concentrationisdirectlyinfront of the background turbidity. Foreach scenario, the
Thisstepwascritical to demonstrate the pumping station,whichis asheltered area sedimentconcentrations attheintake
feasibility of dredging near the seawater withinthe breakwaters of the seawaterintake.  locationwere converted to turbidity, measured
intake. It also provided a foundation foropen Thiswas considered the critical point, as from innephelometric turbidity units (NTU). There
discussionswithrelevant stakeholders here the water flows into the pipeline system isnogenericrelationship between in-situ
regarding realistic turbidity limits to be andisdistributed toindustrial users. Various turbidity (NTU) and suspended sediment
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Left: Summerland-sea breeze conditions maximum —989th percentile. Right: Summer Eastern wind conditions maximum —99th percentile for the dredging
Scenario Awitha TSHD with typical dredging cycle and overflow conditions.

concentration (SSC), ascomputed by the
model. This conversion depends on the type
and size of sediment particles and is site-
specific. The conversion factorwas derived
from a site-specific laboratory experiment
that established the relationship between
suspended sediment concentrations
(milligrams perlitre (mg/1)) and NTU turbidity
levels by analysing soil bottom samples
collectedinthe dredging footprintin
combination with samples of seawater.

Fine sediment composition

The spills as fine sediment (4 micrometre (um)
to63um) arerepresented by three
characteristic fine sediment fractions: 10pm,
20pmand 50pm, each withits associated fall
velocities. These fractionsillustrate an
average distribution of 45%,20% and 35% of
the spillcomposition, based on data from
geotechnical factualinvestigations conducted
by a specialised geotechnical investigation
company. The schematisationwith three
fractionsis based on optimising computational
efficiency while maintaining a sufficiently
accuraterepresentation of sediment
dynamics, thereby avoiding the complexities
thatcanarise from overly detailed modelling.

Maodelled ambient wind conditions
Windis a keyfactorinthe coastalareas of Oman
and plays acrucialrole in the turbidity model.

Theregion'swindclimateis characterised by
acombination ofland-seabreezes (LSB),
lowwind speeds, storms/cyclones and more
persistentwind events thatcanlast for
extended periods. Wind was analysed based on
long-term Climate Forecast System Reanalysis
wind data. The typical ambient wind conditions
throughout the yearwere modelledin 18
one-month scenarios (eight forsummerand
eight forwinter),accounting for the frequency
of differentwind conditionsineach season to
ensure the scenarios collectively represent
the annualwind pattern.In each modelling
simulation, the wind condition remained
constant throughout the computation.

Dredging scenarios considered

To assess the sensitivity of the seawater

intake tothe turbidity generated by the

dredging activities on site above the natural

background levels the following dredging

scenarios were considered:

- Scenario A-typical TSHD operationwith
overflow, considering a dredging cycle of
2 hoursand 45 minutes (min), including
90 minloading with 80 min overflow.
Conservative values were applied for
the draghead and overflow spill rate,
respectively 10 kilograms per second (kg/
sec)and 300 kg/sec.

- Scenario B —-typical TSHD operation
with overflow equal to Scenario A, but

additionally, a standing silt screen was
considered in the model.

- Scenario C-continuous operation (no
dredging cycle implemented) of TSHD
without overflow and cutter suction dredger
(CSD).Thisdredging scenariorepresents
an alternative temporary dredging method
thatcould be applied as part of an adaptive
dredging approach whenrequired.

Results: turbidity assessment and

permit acquisition

The pre-tender modellingwas conducted as a
feasibility assessment. Based on thisinitial
modelling, itwas concluded thatdredging near
the seawaterintake would be feasible forall
considered wind and tide conditions, provided
that only the excess sediment concentrations
from the dredging operations are considered.

However, distinct effects of different ambient
wind conditions were observed, resultingin
varying plume dispersion patterns. Winds such
asthe more frequentland-seabreeze and
westerly winds are generally favorable for the
plume dispersion, while winds blowing from
the Eastleadto higherturbidity levels at the
intake. In addition to the computed excess
turbidity because of the dredging activity,

the natural background turbidity must also

be considered at the seawaterintake.In
scenarios with unfavorable combinations of
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Summary of the maximum excess suspended sediment concentration (SSC) at the seawaterintake

during the differentdredging scenarios.

dredging activities, wind conditions and
elevated background turbidity, the resulting
turbidity levels could exceed acceptable limits.
InFigure 2,the model outcome is presented
for maximum (98th percentile) depth-
averaged suspended sediment concentration
(SSC)forthetypicalland-seabreeze and the
mare severe Easternwind during the summer.

Each scenariois modeled independently,
butinreality combinations of operations
with different equipment and methods may
occur, particularly in projects with ambitious
timelines. These factors highlight theimportance
of adopting an adaptive dredging method,
onethatis basedonreal-time monitaring
and forecasting. This approach allows for the
optimisation of dredging operations while
minimising environmentalimpact.

The outcome of the modelling exerciseis
presentedin Figure 3.1t shows the maximum
computed excess suspended sediment
concentration averthe simulation period at the
intake location for the different scenarios
considered. The highest values experienced do
notexceed 70 mg/l (equal toapprox. 20 NTU)
and arerelated to dredging scenario under
Easternwind conditions. Further, the dredging
operations as modelledin Scenario C (no
overflow) clearly show lowervalues across most
of the differentwind conditions, which can be
helpful as a turbidity control mitigation measure.

The modellingassessmentalso highlighted
that, under certain unfavorable ambient
conditions the turbidity value of 20 NTU for the
seawaterintake could be exceeded because

the background turbidity is notincludedin
the model. The same was discussed with
stakeholdersinordertoobtaintherelevant
permitsand NOC's and to set turbidity limits
forthe project. Turbidity limits must both
preventdisturbance of the seawaterintake
and enable an economically feasible dredging
project. The outcome of the pre-tender
modelling (as presentedin Figure 3) was helpful
forthe authorities to define the allowable
turbidity limits for the projectin the permits.

Following the turbidity assessment and

Environmental Impact Assessment, a permit

was granted by the seawaterintake operator

forthe dredging activities incorporating strict

turbidity limits. The not-to-exceed turbidity

limits (including background value), as

defined, are:

« Maximum allowed weekly average of 15
NTU;and

« Maximum allowed peak turbidity of 20 NTU
fornomore than a period of 1S minutesin
one hour.

Tender and execution turbidity

plume modelling

Afterthe tender process, the project was
awarded to Boskalis. The turbidity challenge
transferred from the tender stage through to
the successful completion of the project.
Pre-tender turbidity studiesrely on general
infarmation on dredging vessels and their
source terms,which are crucial fora project
toprogresstoexecution. Fordredging
contractors, these studies provide a
foundation towork from, but the assumptions
need calibration and modification to develop

project-specific work methods. Sharing
information from the models developed during
the pre-tender stage significantly enhances
the contractor's ability to implement tailored
work methods that benefit the project.

Turbidity model application during tender
stage

Forthe project, Boskalisrecreated a Delft3D
Flexible Mesh (Delft3D-FM) model. Model
assumptions from the pre-tender modelling
assessment by Deltareswere adopted, such as:
- Fallvelocity of fine soil fractions.

- Model extents.

- Tidalboundary conditions.

» Wind scenarios.

= NTUtomg/lrelationship.

- Average weather caonditions.

Assumptions onthe source termswere
re-evaluated based onthe source term
assumptions of (Becker,2015) and IADC
(Labaoyrie, 2018). Using the work methads and
production estimates from the tender stage,
therecreated modelwas utilised to estimate
the impact of turbidity during operations.
Average weather statistics estimated during
the pre-tender phase were employed to
identify the most stringent scenarios that
required adaptation to preventexceeding the
intake NTU limits.

Operations causing turbidity
Theworkmethod planned during the tender
stage involved dredging the majority of the
material with a trailing suction hopperdredger
(TSHD).Anexisting hard layerrequired the use
ofabackhoe dredger (BHD) toremove the
material. The primary causes of turbidity include
boththedragheadand overflowof the TSHD.

Dredgingwith the BHD, filling barges, and
ploughing activities were expected to have a
much smallerimpact compared to the TSHD
and were therefore not considered to be
governing. Depending on the soil conditions,
the source terms were calculated using
Becker's methodology (Becker,2015),
resultingin the source terms provided in Table
1. These source terms are significantly lower
comparedtothe pre-tenderestimated source
terms,whichwere too conservative. The
numbersindicate the effect of ashorter
overflowtime when dredging in sand.
Dredging silt was assumed to be carried out
without overflow, as overflow losses were
expectedtobelarge; however, duetothe
abundance of fines, the source termwas
expectedtoremain high. The source term for
dredgingrock was expectedtobelimited due
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tolowerproductionrates and the trapped DESCRIPTION OF ACTIVITY SOURCE TERM (KG/S)
fines withinthe rock.

TSHD dredging sand with overflow 122.5
Operational measures for turbidity control
The highest contributortothe source termis TSHD dredging sand without overflow 145
the overflow from the TSHDs. This factarcan
be easily adjusted to mitigate turbidity in TSHD dredging silt without overflow 622
adverse weather conditions. Consequently,
the decision was made to allow for lower TSHD dredging rockwith overflow o5 8
production by limiting the averflow time in
situationswhere the weather necessitatesiit.
Table 2 shows the turbidity plume modelling TABLE1
conducted forvarious weather scenarios. By Source terms of the mast critical activities.

combining the percentage of occurrence for
eachweatherscenario, a total overflow
reduction has been determined forthe project.

WIND DIRECTION WIND SPEED (M/S) AVERAGED YEAR-ROUND
Pre-defined dredging scenarioslistedin Table 3 OCCURRENCE (%)
have been modelled with wind scenarios. This
resultsinanexpectedreductioninthe source Land-sea breeze 45 445
term.If areduction of the source termsis
required,adaptive management must be applied North S 45
by reducingthe overflowtime of the TSHDs.
Northwest 6 7.5
Intotal,itis expected thatthe NTU limits will be
) o . -
exceeded during 15% of the project duration if Waest 10 105
no adaptive managementis applied, assuming
a3 NTU background turbidity and based on East 5 85
unrestricted overflow times. The goal of
proactive adaptive management during project
executionistomitigate these exceedances TABLE 2
andremainwithinthe NTU limits. Modelled wind scenariosin tender phase.

DESCRIPTION WIND CONDITION

Wind direction and percentage of occurrence LSB N NW w E
44% 4.5% 7.5% 10.5% 8.5%

TSHD inberth pocket, nooverflow,
dredging sand

TSHD inberth pocketwith unrestricted overflow,
dredging sand

TSHDinturning basinwith unrestricted overflow,
dredging sand

TSHDinaccesschannelwith unrestricted overflow,
dredging sand

TSHDinberth pocketwith unrestricted overflow,
dredging rock

TSHD1dredgingrockinberth pocket, unrestricted overflow
TSHD 2 dredgingsiltin turning basin, unrestricted overflow

TSHD1dredgingsiltin berth pocket, unrestricted overflow
TSHD 2 dredgingsiltinturning basin,unrestricted overflow

TSHD1dredgingsiltinberth pocket, unrestricted overflow
TSHD 2dredgingsiltin berth pocket, unrestricted overflow

Compliance of turbidity at the intake. Agreen cell indicates turbidity at the intake is below the limit. For orange cells, areduction of upto 20% is sufficient to

comply.Forredcells,areduction of more than 20% is needed to comply with the limits.

#178-SPRING 2026 33



ENVIRONMENT

Due tothecritical turbidity levels significantly
affecting the productionrates of thevessels, a
proactive adaptive management dredging
approach, as proposed by CEDA (CEDA,
2024) hasbeendeveloped forimplementation
during the execution phase.

Automated turbidity model development

and use during execution

During the execution of the project, average

occurrences of weathereventsare nolonger

valuable because they do not provide the

necessary details forimmediate decision-

making and risk management. Instead,

accurate weather predictions and associated

mitigation measures arerequired forthe

foreseeable future. Thisrequires additional

sources of information, including:

- Waterlevel forecasts;

« Wind forecasts;

« Production forecasts;and

« Intake volume forecasts for the seawater
intake.

Of thislist,the waterlevel forecastisrelatively
straightforward, as the waterlevels are
primarily caused by the tide, which can be
predicted forany momentin time using tidal
constituents. The wind forecast, being the
main driver of the currents, is procured from
expertweatherforecasters. The production
forecastis made internally based on optimal
desired averflow times to achieve maximum
productioninadredging cycle. Fluctuationsin
intake volumes and potential forecasts have
beeninvestigated; however,due to alack of

Wind
forecast

Tide
forecast

Prepare

model input

Production
forecast

Intake
forecast

information and seemingly stable intake
volumes, this factorwas kept constant
throughout the project.

To automatically run the Delft30 FM+WAQ
model on a daily basis, the Microsoft Azure
platform (Microsoft, n.d.) was utilised.
Containerised processes and anin-house
developedorchestrator perform multiple tasks
eitherin sequence or simultaneously,ina
so-called model train. This model train, in
simplified form,can be schematised as shown
inFigure4.Theinput datais automatically
downloaded via APl calls or framinternal
networklocations. Following this, the datais
processed into suitable Delft3D0 input files for
the hydrodynamic model. The production
forecastis thenusedtocalculate source
terms for the Delft30 WAQ maodel. The
outcomes of thisrun are automatically
analysed againstthe NTU limits specified by
the project. If the unmitigated resultsindicate
an exceedance of the limits, the source terms
are adjusted accordingly and the WAQ modelis
restarted. Model results are post-processed;
hourly spatial plots are generated,and data
isexportedintographsforuseinaforecast
dashboard. The output from the mitigated
WAQ modelrun afterone dayisusedasthe
input for the model run on the following day.

As the plumeremains suspendedforito 3
days,cumulative errors are short-lived and
can be addressed by calibrating the model.

This final step of reusing model output for the
nextday's model runis crucial because the

Delft3DFM
hydrodynamic
model

Delft3D WAQ
turbidity model

Simplified workflow of the automated daily model train.

Analyse WAQ
results

history of the plume is a significant factorin
estimating the impact of turbidity. Depending
on the settling velocity of the fine material,
sediment plumes canremainin suspension for
hours orevendays. Therefore, the turbidity
plume from the previous day can greatly
influence the following day's concentration
results; hence, the model should start with an
existing plume each day.

Automated daily forecasting based on
dredging and weather forecast

Since wind predictionis the main uncertainty
amang the environmental drivers of the maodel
andthe prediction becomes lessreliable
furtherintothe future,itisimportant tolimit
the amount of time the model forecasts.
However,because the impact of dredging on
measured turbidity has atime lag of hours to
days,itisessentialto model atleast the
lifespan of the plume.In otherwaords, the
source termatmoment Awillinfluence the
measurementatmoment B. To mitigate a
potential exceedance at moment B, the
source termatmoment Amustbe lowered. To
provide flexibility in how far the model needs
toforecast, three days are modelled. This
means that,intotal,the modelwilllook4to S
daysintothe future, depending onwhen the
modelisinitiated.

Since the weather forecastcanbecomeless
reliable over such time frames, the interval
between startinga model and implementing
itsresults mustbe asshaortas possible.Ifa
modelwere 100% reliable, this period could be

Delft30 WAQ
turbidity model
with mitigation

measures

Forecast
dashboard
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Overview of model timing and implementation of results as the project progresses. The modelusesthe  because model results can be uncertain,
restart file from the previous runto account for the historical plume additional timeisreserved forinterpretation
andrerunning if necessary. Daily reanalysis of
the forward-lookingwindow is performed to
Buoy 1 minimize wind forecast uncertainty. The model
timings are schematized in Figure 5.

Pro-active adaptive dredging approach
When the model results become available,
theywillbeinterpreted. Thisinterpretationis
crucial because the model is an approximation
of reality. Therefore, the interpretation must
considerthe differences and their potential
implications. Examples of differences
between the model andreality include:

- Variability inweather predictions or
deviationsin measured conditions;

- Re-suspensionorreduced settling
velocities due towave action not accounted
forinthe model;

< Variationsindredging productions;

< Equipmentbreakdowns;

- Changesinsoil conditions;

- Alterationsindredginglocations;and

- Updatestobathymetry.

Oncetheinterpretation has been completed,
mitigation measures canbe determined. The
primary mitigation measure is adjusting the
overflow time, but the dredginglocationis often
N e " also consideredwhen critical situations arise.
y Wall§tation (QWS) Buoy4 Mitigation measures canbeimplementedona
day-to-day basis orimmediately inresponse to
rapid changesinweather conditions.

.Buoy 2

" Buoy 3
oB y

Continuous turbidity monitoring

Continuous live turbidity monitoring with buoys

has beenimplemented for multiple reasons:

- Toshowcontractual compliance to the
NTU limitations;

- Tocheckmodelresults versusreality;

- Toactasanearlywarningsystemincase
the modelresults are deemed unreliableg;

Real-time measurement buoy locations. « Tomeasure background turbidity in the
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event of natural high turbidity events; and

- Tomeasure otherimportant parameters,
such as chlorophyll, dissolved oxygen and
current speeds.

The measurement buoys'locations are shown
inFigure B.

Buoylandbuoy 4 are designated as
background buoys, buoy 2 servesastheearly
warning buoy and buoy 3 along with the quay
wall station are buoys used todemonstrate
compliance with contractual limits. Buoy
measurements started priorto project
execution fora baseline study on the
background turbidity values. During project
execution additionally spatialhandheld NTU
profiles overdepth are measured multiple times
perweek at fixed locations withinthe dredging
area for model calibration and validation.
Figure 7 shows an example of handheld turbidity
readings on the measurement grid. These

Handheld Measurment
02/03/2025

St 50,1102 usﬂér’mm,oerf\,o’
S R AN\

handheld measurements provide valuable
informationtoverify the concentrationsinthe
forecasted plume and indicate the level of
conservatism. If modelled levels are deemed
tooconservative, amanual calibration of
forecasted NTU levelsis performed. Handheld
readings generally show lower values within
500 metres of the dredging area, which can be
explained by the conservative settling velocity
used inthe model, accounting forthereduced
settling caused by propellerwash.

Stakeholderinvolvement

Thelive buoy measurements are shared with
relevant stakehaolders through anonline
dashboard. Additionally, stakeholders are
informed about the daily turbidity model and
itsinterpretation. Adaily turbidity forecast
reportisdistributed, whichincludes the
generaloutcomes of the model runs, the
interpretation andits consequences onthe
mitigation measures.

Example of handheld measurements during project execution.

Implementation and validation

During theinitial stages of the project, a
softstarttothedredging activitieswas
implemented to account forassumptions
inthe model and to build confidence in the
model results. During thisramp-up period,
the modelwas calibrated by taking soil
samples, analysing satellite imagery and
conducting NTU measurements. Afterthe
ramp-up period, the conservativeness of the
initialmodel was reduced by lowering the
overflow source term fraction with afactor 2,
linearly impactingthe SSCinthe plume.The
forecasted productionrates and dredging
cycletimes are adjusted to betterreflect
actual conditions.

Periodic validation and model update with
on-site measured data

Asthe project progressed, both the soiland
bathymetry changed. When it was determined
thatthese changes significantly altered

Legend
Turbidity Measurment
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model outcomes, a model update was
implemented. Thiswas deemed necessary
afterapproximately 50% of the project was
completed and harder soil had been dredged.
The harder soilrequiredlongeroverflow times
duetolessefficientdredging. However, this
did not necessarily lead to a higheraverage
source termsince the percentage of fines
was lower and the fines were trapped in lumps
of material.

Asthe project progresses and parameters
change, decidingwhetherto update the
interpretation or the model can be challenging.
Updating the interpretationworks wellin the
shortterm, but postponing a model update can
resultinthe model becomingincreasingly
divergent fromreality. However, updating the
model comes with the downside that the
interpretation of the model may change again.
Toaddress this,atestanda production model
trainarerun separately. Model updates are

IUW
5

24/02/2025 00:00 25/02/2025 00:00 26/02/2025 00:00

firstimplementedinthe testenvironment.
When the testresults are deemed reliable and
the differences with the main production
maodel train are understood, the model train is
updated. This approach helps avoid errorsin

running the model trainorin the interpretation.

Results and discussion
Accuracy of turbidity forecasting model
Anexample of model output from 25 February
to3MarchisshowninFigure 8. Thiseventis
usedtoillustrate how the model functions and
whytheinterpretation phaseisimportant.
Trendsinthe plume are predictedrelatively
well. The graphs show examples of events
where the model predicted high turbidity and
the measurements also showed spikes. The
timing and level of turbidity events occasiaonally
isinaccurate,which canbe explained by
differencesin:
- Theactualvs.modelled dredgingcycle: A
theoretical dredging cycleisimplemented

NTU Buoy 3

27/02/2025 00:00 28/02/2025 00:00 01/03/2025 00:00

inthe forecast model, whichis unlikely to

align exactly with therealdredging cycle. It
is challenging to predict the exact timings
whenavesselisdredging.

» Theactualvs.modelled overflow times:
Predicted overflow times are implemented
inthe model; however,real overflow times
may differ due tovarying soil types.

» Theactualvs.modelled wind conditions:
Predicted wind conditions often show
differences from measured wind conditions.
Variationsindirections and peak velocities
influence the currentsinthe model.

- Wave conditions,which are notincludedin
the maodel.

The predicted turbidity levels during the peaks
are overestimated by the model. Thisisduetoa
conservative settling velocity chosen toaccount
fortheincreasedturbulence caused by propeller
wash. Thelowambient velocities are significantly
influenced by propellerwash eddies averlarger
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Example of model output versus measurements between 25 February and 3 March. The top graph shows the predicted (orange) versus the measured (blue)
NTU in buoy 3, the middle graph shows the forecasted (orange) vs measured (blue) wind speed and the bottom graph shows the forecasted (orange) vs

measured (blue) wind direction.
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Measured currentvelocity vs measured NTU in buoy 2. The spikes around 8 March align with the turbidity spikes.

distances,whichcannot be capturedinthe Delft30 model. The effect of
thiscanbeclearly seenincurrentvelocity peaksinbuoy 2, which coincide
with turbidity peaks,as shownin Figure 8. The spikes around 8 March align
with the turbidity spikes. The effect of vessel movement can also be
observedwhen comparing satellite imagery with model outputin Figure10.
Localeddies with high concentrations can be seen,whereas the model
predicts amuch more gradual plume. The plume location aligns well,
althoughlocal differences due to vessel movements are visible.
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Satellite ordroneimagery proved to be avaluable tool to verify model
resultsduringtheinterpretation phase.

Impact on project execution

Takingtheinterpretation after the model resultsinto account, advice
is provided onwhich mitigation measures can be applied to remain
within the limits. These measures may include options beyond overflow
reduction, such as:

50

Instantaneous turbidity [NTU]. Layer: 6

Plume model prediction vs satellite imagery. The plume location aligns well, local differences due to vessel movements are visible.
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Proposedindicative overflowtime (notrelated to the tick labels) based on turbidity forecast modelling (purple) versus measurements of buoy 3 (orange)

comparedtothelimitof 20 NTU (green).

- Dredgingindeeperwatertoprevent
propellerwash;

< Avoiding dredging high up on the slopes
of the design to prevent propellerwash;

- Choosingtodredgeinadifferent material
with lower fines content with overflow;

- Optingtodredgeinalocationwith many
fines without overflow; and

- Schedulingrepairs or bunkering of one
of the vesselstolowerthe total source
term of the project.

Figure 11 shows the indicative proposed
overflowduration against the buoy 3
turbidity readings and the turbidity limit

of 20 NTU. This figure demonstrates how
effective the overall approach of the

maodel trainwith aninterpretation phase
has beenforthe project. Events where
overflowtime wasrestricted could have
resulted in exceedances of the limitif no
mitigating measures had been implemented.
Conversely, during periods with low turbidity
risks and thus norestrictions, the
measurements show low turbidity values
and optimal overflow times for maximum
production were implemented. Several
noteworthy eventsarelisted in Figure11.

Fromthe abaove, itis concluded thatalthough
the predictive modelling shows some
uncertainty, it provides significant confidence
as amethod for making decisions during
project execution.Changesinweather
systems are generally well captured and the
generalidea of the turbidity riskis known a few
daysinadvance. The uncertainty of the model
predictions will decrease overtime as
measured data provides information to update
the model or the interpretation of the model
results. The exact turbidity level willremain
difficultto model precisely since local
disturbances, such as eddies from vessel

NR. EVENT

1 Ramp-up phase

DESCRIPTION

During this phase of the project, limited
knowledge was available regarding how critical
the turbidity would be; therefore, overflow
times were limited.

2 Wave event]

Thiswas the first highwave eventduring the
projectand demonstrated the impact of waves
on turbidity.

3 Overflowrestricted, exceedance mitigated

Overflowwasrestricted due to model results.
Some conservatismwas applied, also because
some waves were present during these days.

4 Unrestricted overflow

Forthefirsttime, the forecasted weather
conditions allowed fornorestrictions on
overflowtime. Readings showed low NTU
valuesinaccordance with model results.

5 Mitigated exceedance

Mitigation measures for the peaks during
these days appeared conservative, providing
valuable information for the interpretation
phase for future modelingresults.

B Unrestricted overflow

Norestrictions were applied. Readings showed
lowNTU valuesinaccordance with model
results.

7 Mitigated exceedance

This peakwaslowerthan expected becausea
predictedwind peakdid notoccurinreality.

8 Wave event 2

Thiswave event caused a brief exceedance

of the limits, resulting in the project being
halted untilreadingsreturned to acceptable
levels.Thereason forthe exceedancewasa
severe wave event causing high background
turbidity. Because of several days of predicted
waves, nooverflowwas implemented, although
the model (excluding waves) did allow for

some averflow.

9 Applying multiple mitigation measures

Thedredginglocation was changed to coarser
material,which allowed forlonger overflow
times due tolower source terms.

Description of events during project execution.
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ENVIRONMENT

propellers,cannot be capturedinapredictive
model. This uncertainty will persist throughout
the project and therefore must be considered
when advising on mitigation measures.

Challenges and lessons learned

Model validation before project execution
When the project started, the model was not
calibrated and validated due to the absence
of measured data during dredging activities.
Acomparisonwas made with the pre-tender
turbidity assessment, which showed similar
results. Validation and calibration of the model
wasrequired atthe beginning of the project.
During this phase, communication with
stakeholdersregarding the model's
performance was essential to maintain
trustinthe model train.

Field data of soilislagging behind on

model forecasts

Soilsamples from the hopper are taken and
analysed continuously. The process time
between takingasample andreceivingits
results should be as short as possible, as
dredgingis ongoing and soilcan change. For
smaller projects, the soil data may not be fully
representative forupdating model settings if
soil conditions change quickly with dredging
depth.Sampling must be done carefully to
ensure itprovides acomprehensive picture of
the dredged material.

Propellerwash turbidity

Separating turbidity caused by propellerwash
fromthat generated by the drag head and
overflowis challenging. In shallow areas,
propellerwashis likely to be a significant
source term. Thisisassumedto be accounted
for by additional conservatismin the dredging
source term.

Vesselmovement
Effects fromthe vessel propellers appearto
influence the current patternsinand nearthe

Applying a pro-active
adaptive dredging
strategy based on
forecasted predictions
led to reduced
environmental impact.

dredging area.Buoy 2 indicated that spikesin
current velocity significantly reduced during
bunkering orrepairs. Additionally, satellite
imagery consistently showed a patterninthe
plume,with aninflow of clearwaterintothe
dredging area fromwhere the vessels started
sailing towards the disposal area and old
eddy-shaped plumes towards the south and
north. With the current models, itis not
feasible toinclude amaoving propeller wash
forcing, which means this factor must be
considered during the interpretation phase
afterthe modelrun.

Wave impact

Waves appeared to have a significantimpact
on (background) turbidity during periods of
increased wave height. Thiswas observed
onceduring the baseline measurements and
twice during dredgingwhen no exceedance
was predicted by the model. Waves were not
includedinthe model as they were expected to
be of lowimportance. Despite this, the majority
of the time, waves did not have a substantial
impact. Unforeseen effects during periods of
increased wave heightwere considered during
theinterpretation phase of the modelresults.

CONCLUSION

Summary of findings

- Aturbidity forecast modelis an effective
tool fordetermining short-term dredging
strategies, considering the impact of
predicted weather on sensitive receivers
such as aseawaterintake.

+ Uncertaintiesin the turbidity forecast
canbe managed by the contractor. There
are various mitigation measures beyond
adjusting overflow duration, such as
dredgingindifferentlocations, deeperwater,
differentmaterials and planning repairs.

- Adaptation of the model comparedto
reality always lags behind real-time data.
When soil conditions change, this leads to
additionaluncertainty. The source termis
highly dependent on soil type and overflow
duration alone as a mitigation measure
canbe apoorindicatorwhen transitioning
toadifferent material type. System
knowledgeiscriticaland the contractorcan
assess experience from the project and
measurements to estimate therisk.

- Astheprojectprogresses and parameters
change,decidingwhetherto update
theinterpretation orthe model can be
challenging. Updating the interpretation is
easierintheshortterm,but postponing the
model update fortoolong cancause the
maodel to deviate significantly fromreality.

- Satellite ordroneimagery cangreatly

assistincalibrating and validating the
model. The shape and intensity of the
historical plume generated by previous
dredging are crucial foraccurate model
results but are verydifficult to verify with
localmeasurements only.

= Investingin proper communication with
stakeholders builds mutual trust. Online
dashboards and visualisations are highly
valuable tools for this purpose.

« Theexecution phase validated many pre-
tender conclusions but also highlighted the
need forongoing adjustments based on
real-time data. Continuous monitaring and
adaptive management proved essential for
maintaining environmental compliance and
optimising productivity.

Significance of the forecasting model

and adaptive approach

Forthe Sohar Portdevelopment project, the
forecast model proved to be avaluable tool for
making operational decisions. Applying a
pro-active adaptive dredging strategy based
onforecasted predictionsled toreduced
environmentalimpactandimproved dredging
andoverall project performance, meeting the
requirements set by stakeholders.

Recommendations for future projects

« Athoroughsystemunderstanding backed
by measurements during the pre-tender
phase greatly increases the possibility of
reliable and valuable forecast modeling for
the project.

- Duetointrinsic uncertaintyin turbidity
forecasting, implementing realistic limits
thatcan be exceeded foranacceptable
duration helpstoreduce anoverly
conservative approach. Thisincludes
allowances for spikes in turbidity readings
thatcannotbe captured by aforecast model.

« Turbidity managementis most beneficial
ifimplemented by the contractor. This
provides flexibility in the mitigation
measures and benefits the project by
allowing the trade-off betweenrisk and
production, considering all nuances known
by the contractor. Providing reliable and
sufficient site data by the clientduring
the tender phaseis crucial foran accurate
risk assessment.

» Making the turbidity models used during the
pre-tender stage available during the tender
stage greatly enhances the contractor's
flexibility toimplement specific work
methods, benefiting the project overall.

- Engage stakeholdersregularly foropen
communication and shareinsights from
models and forecasts.
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Antoon Hendriks

Antoonisacivilengineerspecialising in coastal,
dredging and hydraulic engineering. Educated

at Delft University of Technologyin the
Netherlands, he joined Boskalisin 2012, where he
delivers detailed engineering assessments for
international projects using advanced modelling
tools. He furthermore managed commercial
tenders across Europe coordinating technical
input,commercial conditions and project
planning.Antoonis driven by acommitment to
solving complexenvironmental and engineering
challenges, with the goal of contributing toa more
sustainable andresilient future.

Tariq Al Kiyumi

Tarigis aseniorassets development manager
with 18 years'experience, specialisedin
strategic expansion projects of high-value
marine and land assets. His expertise liesin
spearheading complex maritime infrastructure
projectsanddriving organisational growth
through technical excellence and robust
projectdelivery. Throughout Tarig's career he
has consistently delivered large-scale terminal
expansions, ensuring operational efficiency
andlong-termassetvalue indemanding global
maritime environments.
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EVENTS

I1t’'s a Zoo out there!

REGISTER NOW

Dredging Days

11-13 MAY | ANTWERP | BELGIUM 2026

IADC is delighted to announce its role as a media partner of the upcoming CEDA
Dredging Days, taking place from 11-13 May 2026 in Antwerp, Belgium. The event will
gatherleading experts and stakeholders from across the dredging industry for three
days of insight, innovation and networking. For more information and to view the full
programme, visit https://ceda.eventsair.com/dd26.

Conference theme

It'saZoooutthere! Possibly an apt expression of the feeling
many people and organisations have, given the current global
developments. The international dredging industry is affected
and pressed to adaptcontinuously.

The CEDA Dredging Days 2026 conference, taking place at ARoom
withaZ00, in the splendidly charming Antwerp Z00, founded in 1844,
clearly offers opportunities to explore and discuss "the zoo out there"
in many ways. Literally, by going out into the zoo and taking flora and
fauna as the backdrop forinteractive sessions,and metapharically,

by exploring and discussing what challenges and uncertainties the
dredgingindustryisfacing,as aresult of the renewed raw geopolitical
reality. Combine this with fun elements like impersonating
characteristic animalsin arole play,and we're set for an inspiring
and dynamic event.

Papersessions and interactive sessions will alternate, with classic
and new topics. To name a few: Building with Nature, decarbonisation,
dredging technology, environmental effects. The Organising
Committee is designing the Dredging Days 2026 programme to

be attractive for everyone across the dredging community: both
technical and commercial ariented individuals, young professionals
and seniors alike. Whetheryour goalis to gain knowledge, widen your
network or to deepen your existing relationships, we look forward to
seeingyouin“the Z00O"!

CEDA Dredging Days in keywords

« A3-dayeventdedicated to the dredging industry.

« Themainevent onthe dredging industry calendarin the
CEDA (EMEA])region.

« Abi-annual event.

« Theplatform to exchange and increase industrial knowledge.

» Theplace todevelop and strengthen relationships within the
dredging community.

- Acentral Clubhouse; the meeting place for social events,
informal networking and some non-paper sessions.

» Awidelyvaried programme, interesting for a broad audience
and promoting attendee interaction.

- Parallel sessions featuring the latest technical developments,
learning from otherindustries, innovation pitches, panel
discussions and much more.
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IADC stands for “International Association of Dredging
Companies”and is the global umbrella organisation
forcontractorsin 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.

www.iadec-dredging.com




