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EDITORIAL

CHANGING OF

THE GUARD

Asthedredgingindustry continues to evolve, we find
ourselves attheintersection of innovation, sustainability
and safety. Thisissuereflects that balance, showcasing
not only technological advancements but also the
environmentaland human considerations that shape

our sector.

We beginwith atimely feature on blue carbon and the
role ourindustry can play in protecting and restoring
these critical ecosystems. As climate change mitigation
becomes more urgent, the waterborne transport
infrastructure sector has a unique opportunity —and
responsibility —to contribute meaningfully. This article
divesintohow strategic dredging and coastal development
projects can enhance carbon capture while promoting
ecological resilience.

Safety, as always, remains at the core of what we do.

Thisissue highlights the submissions and winner of the
IADC Safety Award 2025, offering insightsinto the
innovations and initiatives that are raising the bar
industry-wide. From new procedures to transformative
tools, these efforts serve as areminder that safety is not
justarequirement, but a culture.

In our technical section, we spotlight thisyear's IADC
Young Author Award winner, Rick van de Wetering,

whoseresearchinto the cutting forces of blunt chisels
promisestoinform future equipmentdesign and
operational efficiency. Supporting emerging talent
remains a priority for IADC and we are proud to showcase
the next generation of dredging innovators.

Inotherinnovations, IADC is launching the Responsible
Marine Solutions: DF Sl website —an exciting new hub faor
everythingrelated to sustainable dredging. Building on
the Dredging for Sustainable Infrastructure book and
DFSI Magazine, this dynamic platform brings the
philosophy tolife online. With real-world case studies,
freshinsights and practical guidance, it breaks down
complextopicsintoclear,engaging content. Centred
around six core principles, from nature-based solutions
to energy transition, it's designed for everyone so
whetheryou're ayoung professional new to the industry
oralocal authority representative, thisisyour go-to
source forlearning about responsible marine solutions.

Thisissue also marks a significant moment for our
community as we prepare to bid farewell to René Kolman,
ourlong-serving Secretary General, who will retire this
November. Rene has been a guiding force for IADC for

17 years,championing industry standards, sustainability
and collaboration on a global scale. His leadership has
helped shape the organisationintowhatitis today and
his legacy willundoubtedly endure. On behalf of the
entire IADC community, we extend our deepest gratitude
and bestwishes forthis next chapter.

We hope you find this edition insightful and inspiring as
we continue building a smarter, saferand more sustainable
dredgingindustry.

Frank Verhoeven
President,IADC

IADC is launching the
Responsible Marine
Solutions: DF Sl website
—an exciting new hub
for everything related to
sustainable dredging.
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SUBMISSIONS
FORTHEIADC
SAFETY AWARD
2025

When individual employees, teams and companies
view everyday processes and situations through a
continuous lens of safety, they can each contribute
to making all aspects of operational processes,
whether on water or land, safer. For this year's
Safety Award, IADC's Safety Committee received
14 submissions. Each one is assessed on five
different categories; sustainability; level of impact
on the industry; simplicity in use; effectiveness;
and level of innovation.

Affirming the importance of safety

Dredging activities can berisky operations with hidden dangers among heavy
machinery.Inresponse, the dredging industry proactively maintains a high level of
safety standards. Arepresentative of contractorsin the dredging industry, IADC
encouragesits own members, aswellas non-members participating in the global
dredgingindustry, to establish common standards and a high level of conductin
theirworldwide operations.

IADC’'s members are committed to safeguarding theiremployees, continuously
improving to guarantee a safe and healthy work environment and reducing the
numberofindustry accidents and incidents to zero.

Recognising advancers of safety

IADC conceivedits Safety Award to encourage the development of safety skills on
thejobandrewardindividuals and companies demonstrating diligence in safety
awareness in the performance of their profession. The award is arecognition of the
exceptional safety performance demonstrated by a particular project, product,
ship, team oremployee(s).

No submissions werereceived thisyear forthe safety award granted to a supply
chain organisation active in the dredging industry. This concerns subcontractors
and suppliers of goods and services. In total, 14 submissions were received for the
dredging contractor safety award. Each one aims toimprove routine processes and
situations encountered in the dredging industry.

#177-AUTUMN 2025 7
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Dredging contractor submissions

“NINASAFETY VIDEOS” FORINTERNATIONAL
WORKFORCE BY BOSKALIS

Boskalisis using “NINA safety videos” tailored to its multinational

workforce involved in a polderreclamation project. Recognising the

large workforce that comprises of diverse linguistic and cultural :

backgrounds, the safety training videos are specifically designed to = — PROMOTES SAFE
deliverimportantinformation directly toworkers' devices, ensuring they NU LE :
CanaccesstrainingatanytimeandfromanylocationDntheprojecgtsite. ' de' WORKING CULTURE

ALS & = ENHANCES EMPLOYEE
This approach has enhanced the efficiency of the conventional training — : L] AWARENESS ON SAFE
process, eliminating the need forin-person sessions and onsite MULTI LANGUAGE W T07 WORK ONSITE

translators. Integrating multilingual support and culturally relevant LA“G“AEES" s
contentinto each video, Boskalis ensure that every team member I:I]ST-EFFEI:TWE
receives clear,understandable and engaging training. This enhances

safety compliance across the workforce but also fosters a safer

working environment by accommodating the unique learning paces

and styles of its international employees.

The ease of access and portability of the training videos have

shown to be highly effective in sustaining high safety standards
while simultaneously improving efficiency and promaoting inclusivity.
Thisinnovation of marrying technology with practical application
can fulfilthe dynamic requirements of today's diverse teams working
on complex large-scale projects.

BRACKET FOR QUICKFIT PIPE

CONNECTIONBY JAN DENUL

In many reclamation projects, bolting landline pipes is not always feasible due to time
constraints or the continuous discharge process of the dredger. In such cases, push pipes are
used as an alternative. However, these connections are more susceptible to separation under
pressure, especially when there are nearby vibrations during the start-up of the discharge
process orwhen there is abend behind the female quick fit. To help mitigate those risks, Jan
De Nulhas designed a bracket toimprove the security between the male and female quick fit
connection onlandline pipes.

The design consists of two parallel steel plates with openings that fit the quick fit connection,
allowing the bracket torest securely and stably on the pipe. To improve safety, the bracketis
attachedtothe pipes using chains. This ensures that, in the event of sudden release of
tension, the bracket remains secured and does not pose arisk to personnel nearby.

8 TERRAETAQUA



ZERO BALANCERFOR e Sampl
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HAND TOOLS BY DEME

Zero balancers are mechanical devices designed to
suspend tools, equipment or parts, making them feel
weightless for the operator. They are widely usedin
industrial settings to enhance efficiency and reduce
operator fatigue.

DEME has employed these tools for their many
benefits, which include: reduced operator fatigue
—by neutralising the tool's weight, spring balancers
reduce strain and fatigue for the operator; enhanced
safety —they promote a safer work environment by
preventing tools from being accidentally dropped or
damaged; and increased efficiency —workers can
handle heavy tools with ease and precision,
improving productivity.

INNOVATIONS WORKING IN
CONFINED SPACE OF DOUBLE
BOTTOM DREDGING TANKS
BY PENTA-OCEAN

Cassiopeia Vis acuttersuction dredger featuring a specialised
double bottom tank configuration designed to house critical
hydrauliclines. Unlike conventional vessels where such tanks are
typically used for ballast, Cassiopeia V's tanks are narrow, compact
and congested, necessitating frequent crew access forinspection,
maintenance and repairs. These entries are particularly hazardous
due to poorventilation, structuralmovement during dredging
operations (hogging and sagging) and recurring hydraulic leaks that
may leave residual oil vapours, even after standard gas-free checks.

To address these challenges, Cassiopeia Vimplemented a
custom-modified confined space safety system. The solution
features a multi-userindustrial breathing apparatus with
extended air supply hoses, enabling multiple crew members to
work safely within the tanks without the physical burden of bulky
self-contained breathing apparatus (SCBA) units. This system
significantly improves mobility, comfort and endurance while
ensuring a continuous supply of breathable airin enclosed spaces.

This vessel's specific solution has enhanced confined space
safety, minimised operational risks and improved crew confidence.
It serves as astrong example of how targeted innovation can
address practical safety challenges and raise the standard for
enclosed space operations in the dredging industry.

#177-AUTUMN 2025
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The forward dumping method for articulated dump trucks
(ADTs)is agroundbreaking safety innovation developed
and implemented by Boskalis that sets a new industry
standard for how material is moved and discharged in
reclamation and dredging operations. This method

FORWARD DUMPING METHOD FOR
ARTICULATED DUMP TRUCKS BY BOSKALIS

Atitscore,thismethodis a perfect embodiment of the
NINA (No Incidents —No Accidents) values—it does notrely
on behaviour-based compliance but builds safety directly
into the design of the task. It does not managerisk, it erases
it.Itturns one of the most hazardous daily activities on site

challenges decades of convention by eliminating the need intoanon-event.
forreversing during dumping activities. Instead, the ADTs
are directed todrive forward over previously deposited,
compacted material and discharge theirloadin a controlled,

linearmovement.

This operational shiftis deceptively simple, butitsimpactis
transformative. It eliminates a major source of incidents,
increases production, reduces mechanical wear and
removes the need for ground personnel near heavy
equipment. The Forward Bumping Method is a no-cost,
high-reward innovation and one thatisimmediately
scalable across projects globally.

I
ADT Dive Dumpir§

you don't need personnel close to the machinery,
and you also'have areductioniin all’the risks suchias:..

MODULAR SOUND
VELOCITY PROFILE
WINCH BY JAN DE NUL

Ontrailing suction hopperdredgers (TSHDs) operating
offshore without a floating auxiliary plant (FLAP),
bathymetric surveys must be conducted on board. A
critical part of this process involves regularly collecting
sound velocity profiles (SVP), which requires deploying
aprobeintothe water, allowing it to sink to the seabed
andretrieving ittogatherdata. Across the industry, this
taskis still typically performed manually, exposing
operators to significant safety risks, such as falling
overboardwhen leaning overrailings, rope entanglement
leading to hand and leg injuries or burns, the danger of
being pulled overboard if the rope becomes caughtinthe
propellers and physical strain from repetitive tasksin
awkward positions.

To address these challenges, Jan De Nul —togetherwith
Seatec —developed the modular, electrically driven SVP
winch, also known as the Seatec Lier113. Thisinnovation
offers asafer,more ergonomic solution by automating
\ the launch and recovery of the probe, removing the n
eed for manual handling near the vessel's edge. Its
lightweight, modular design makes it easy to assemble,
move between vessels after use, while the integrated
spooling system ensures smooth, tangle-free cable
handling throughout the operation.

TERRAETAQUA



ST2: WINDOW WIPERS BRIDGE

SHIP SPECIFIC
SCAFFOLDING BOOK
BY DEME

Wheneveravessel constructs a unique, complex or

challenging scaffolding setup that has not been built
befaore,itis documentedin the scaffolding book. This
avoids having toreinvent the wheel each time as crew
cansimply refertothe ship specific scaffolding book.

Eachentryincludes clear, high-quality photos of the
completed structure togetherwith a detailed list of all
the scaffolding components used. In addition, helpful
tips and tricks for handling specific features are also
included. Having thisinfarmation recorded and easily
accessible allows everyone to understand the
requirements and assembly process in situ.

By using the scaffolding book, crew are better prepared
forupcoming jobs, allowing them to quickly and accurately
rebuild the same setupwhenrequired. It not only saves
valuable time but also ensures consistent safety
standards across allteams and preserves knowledge
evenwhen crew members change.

SELF-CLEANING DRAG
HEAD BY BOSKALIS

From a safety perspective the elevated position of adrag head on
theinboard gantry cradle poses inherent safety riskswhen
attempting toremove rocks and debris from within the drag head.
The practice encourages personneltowork near or under suspended
loads and contradicts established safety guidance. Particularly in
environmentswhere rock ordebrisis prone to becoming lodged in
the drag head, theriskto crew membersis notably elevated.

Boskalis'self-cleaning drag head features a movable grid that
supplements the fixed steel grating, which prevents large debris from
entering the drag head. When blockages occur, the movable part of
the grid can be activated remotely, temporarily increasing the grid
aperture —both during dredging operations and while the drag head is
stored ondeck—facilitating the dislodging of obstructions without
requiring manual intervention. This advancement not only reduces
riskto personnel butincreases productivity as blockages can be
actively removed.

#177-AUTUMN 2025
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SAFE STORAGE OF METAL
PLATES IN WORKSHOP
BY JAN DENUL )

Metal plates,commonly used for repairs, maintenance and 7
equipment fabricationin the dredging industry are stored in ;
designatedracks at Jan De Nul'sworksites. Safe access to

the hoisting points ontop of these bigmetal plates during

staorage and removalis both challenging and time consuming.

To address this safety risk, the workshop crew came up with
the ideato fabricate ladders with railings to provide safe
and easy access, and a platformwith anti-slip features that
canbeinstalledin between the plate racks. Positioned

145 cmabove ground level, the platform s fully enclosed
between the racks, ensuring full compliance with industry
best practices forworking at height. The design also
optimises space, whichis a highly desired feature on
dredging vessels with congested deck areas.

BARGE WASHING PUMP
BY DEME

Acommon problemin backhoe dredging is dealingwith an
accumulated dredged material on barge passageways. After
dredgingis completed, normal practice is for the backhoe to take
waterinto the bucket several times to clean up the spilled material.
Thisis bothtime and fuel consuming, can add extra waterin the
hopper andis not efficient when dealing with sticky material.

To solve this problem DEME installed a barge washing pump on one
of its backhoe dredgers. The barge washing pumpis operated at the
end of dredging while the barge is still being loaded. Once dredging
iscompleted, the deck washis also finalised and the barge can

| EESENPY . <Y e e U G- S . _ unmoor and cast off.

Theinstallation has several benefits:it reduces production delay
and improves fuel consumption while also eliminating exposure of
crew toslips, trips and man overboard (MOB] hazards from manually
cleaning the passageway.

TERRAETAQUA



RECLAMATION PIPE GASKET
REDESIGN BY VAN OORD

When connecting flanges of reclamation pipes, a gasket must be
placedin betweento seal the gap. The traditional type of gasket
requires personnel to position the gaskets on the flange, keeping
themin position with the openings aligned, while making the flange
connection. This process carries the risk of fingerinjuries, due to
the closeness of working to the flange.

Reclamation workers shared their concerns and came up with
adesign toreduce thisrisk. By adding “ears” to the gasket, the
dimensions of which were designed to allow for easy handling,
alsowhile wearing gloves, it allows personnel to keep their fingers
furtheraway from the flanges while connecting the reclamation
pipes. Therefore, reducing the risk of possible fingerinjuries.

MODULARPONTOON
FORWORKINGIN ASPUD
WELL BY DEME

Forworks inthe spud well of one of BEME's cutter
suctiondredgers, the challenge was to execute the work
in asafe way. Before,when works had to be carried out
onthe cylinderand other structuresin the spud well,
there was nothingin place to work safely. Small inflatable
boatshadtobe usedorthe crewsatonthe top of the
structure wearing personal fall protection. Either way,
itwas not easy to execute the works.

To solve this problem, DEME introduced a modular
pontoon. Theresultis a stable work platform with
railings, which reduces the risk of falling into the water.
It means crew are able to work ergonomically and incur
less muscular stress when working from other
structures thatrequire personal fall protection to

be waorn.
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PEDESTRIAN CROSSING LIGHTING
SYSTEM BY JAN DE NUL

Jan De Nul presents a pedestrian crossing system that utilises lighting toimprove
safety ondredging and reclamation sites. The system works by projecting illuminated
stripes directly onto the ground, which caninclude surfaces such as sand or gravel,
defining pedestrian crossing zones and making them highly visible, especially during
hours of darkness.

Theimproved visibility ensures that both pedestrians and equipment operators can
clearly identify crossing areas, reducing the risk of accidents. The system can
include an additional projectaor to signal the crossing to pedestrians, further
emphasising the designated walkway. This crossing system complements other
safety measures, such as stop signs and call buttons, creating a more consistent
and noticeable safety zone for all individuals on site.

TERRAETAQUA




REMOTELY OPERATEDLIFTING KEY BY DEME

Onarockdredging project, the damage to cutterheads is considerably high requiring them to be replaced
andrepaired. One of DEME's cutter suction dredgers has 14 different cutterheads, averaging a weight of 41
tonnes without teeth. Switching out cutterheads requires frequentlifts and in the past the rigging of these
liftswas performed with chains around the blades of the cutter or with manual lifting keys.

However, this means it was always required forworkers to climb on top of the cutterhead to connect and
disconnect thelifting key or chains. And since the cutterheads of one of DEME's cutter suction dredgersiis
more than 3 metres in height, this makes the task even morerisky. Therefore, a vertical lifting key that is
remotely controlled was developed. With the aid of this equipment, working at height risks are eliminated
and cutterhead lifts can be performed without any incident in a saferand more effective way.

#177-AUTUMN 2025







BLUE CARBON - AN
OPPORTUNITY FOR
THE WATERBORNE

TRANSPORT

INFRASTRUCTURE

SECTOR

Many ports and harbours operate in and around marine coastal habitats,
such as tidal marshes, mangrove forests and seagrasses. Many of these
marine coastal habitats are considered blue carbon ecosystems, which
play a crucial role in capturing carbon. This article examines how waterborne
transport infrastructure impacts blue carbon ecosystems, reviews
current mitigation strategies and suggests integrated approaches for
sustainable coexistence. We emphasise the importance of collaboration
among marine transport authorities, environmental managers, scientists
and engineers to protect these essential carbon sinks while supporting

the sector's economic contributions.

Ports and navigable waterways are pivotal to global
trade but often are situated in and around marine coastal
habitats, such as maritime forests, salt marshes and
seagrasses —collectively known as blue carbon
ecosystems. Blue carbon ecosystems (BCE) can
sequestercarbon atrates orders of magnitude greater
than terrestrial ecosystems and are key components

of the carbon mass balance in coastal environments,
playing avitalrole inlong-term carbon management
(McCleod et al., 2011). Protecting, restoring and
managing BCE can helpreduce therisks andimpacts of
achanging environment. These habitats also serve as
naturalinfrastructure, reducing flood risk and associated
vulnerabilities while providing multiple co-benefits
through habitat enhancementincluding food provision,
livelihoods and cultural services (Friess et al., 2024).

The World Association for Waterborne Transport
Infrastructure (PIANC) recognises how effective
management of coastal ecosystemsisrelevantto port,
harbourand waterway assets and operations. Coastal
and estuarine flood protection, beneficial use of

dredged materials and the development of sustainable
infrastructure are examples of the interface where
navigation interests and opportunities for effective
BCE management coincide. Forthesereasons, PIANC
launched a Working Group on blue carbon whose
objective istodefine blue carbon and describe its
relevance to waterborne transpartinfrastructure (WTI).

This article explains how navigational infrastructural
elementsrelate to and affect blue carbon, and how
holistic sediment management can support BCE

"We need to work with nature,
not againstit."
— Sir David Attenborough
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management and improvement, leading to

more resilient ecosystems. The decision-

making process on how best to conserve
and promote BCE, particularly at the
intersection of WTldevelopment and nature,
is motivated by arange of experts and
projectinfluencers,including:

» Portauthorities, navigation andriver
authorities and commissions, and terminal
operators.

- Regulators,government agencies and
elected officials.

- Projectdesigners, contractors, ecologists,
civilengineers, planners and landscape
architects.

- Environmental stakehaolders, NGOs, public
interest groups and otherwaterway users.

Background

Sedimentisacrucial part of aquatic
ecosystems, forming the foundation for
natural habitats and playing avitalrolein

sequestering and storing carbon. Blue carbon
ecosystems absorb carbon through natural
processes, such as sedimentation of organic-
rich particles, photosynthesis, plant growth
and decay, the partialdecomposition of
organic matterand the accumulation and burial
of plantdetritus (Figure1). Short term carbon
storage happens continuously atthe sediment
surface, while buried sediment and organic
material contribute to long-term (permanent)
carbon storageifleft undisturbed. Estimates
indicate that some mangrove forests and
coastalwetlands are thousands of years old
(Friessetal,2019; Mangrove Action Project,
2016),representinglong-term carbon storage
and making them essential to the carbon mass
balance inaquatic environments (Kristensen
etal,2025).

Coastalecosystems, especially BCE, have
becomevitalresources forreducing natural
hazardrisks, with the capacity to sequester

carbon from the atmosphere orders of
magnitude fasterthanland-based habitats per
unitarea.Seagrass meadows, forexample,
demonstrate remarkable carbon sequestration
capabilities —they hold 11% of the organic
carboninoceanswhile coveringonly 0.1% of the
world's seafloor (NOAA,2025). Therefore,
these ecosystems not only support biodiversity
but also capture carbon while enhancing
coastalresilience andreducing natural hazard
risks (Figure 2).

Many ports and harbours operateinand
around these marine coastal habitats.
Coastal,estuarine andriverine flood
protections, beneficial use of dredged
materials and the development of new
sustainableinfrastructure are examples of the
interface where navigational interests and
opportunities foreffective BCE management
coincide. PIANC's Environmental Commission
(EnviCom) develops guidance toillustrate how

Particulate and
carbon export

Blue Carbon Storage Potential
Carbon input and output

Near-term
carbon storage

Long-term (permanent)

; Carbon dioxide
of Uptake (photosynthesis)
o
N
Carbon dioxide Methane
\] /N
Particulate and v :
carbon input ;
N\
o Surface water
Decomposition Photosynthesis
(aerobic) and respiration
Oxidized Decomposition
soil layer (aerobic)
Reduced
soil layer

Sulfate and nitrate reduction

Organic carbon fermentation

and methanogenesis

Carboncycleinblue carbon environments (adapted from Kayranlietal., 2010).

carbon storage
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the effective management of coastal, marine

and freshwaterecosystemsisrelevantto

portandwaterway assets and operations.

Relevant PIANC guidance documents

prepared by EnviCom Working Groups

(WG) are available free to members at

www.pianc.org andinclude:

- Beneficial use for sustainable waterborne
transportinfrastructure projects
(WG 214),2023.

- Carbonmanagement for portand navigation
infrastructure (WG 188),2018.

- Applyingworking with nature to navigation
infrastructure projects (WG 176),2018.

- Dredged materialas aresource:options and
constraints (WG 104),20089.

- Ecological and engineering guidelines
forwetlandsrestorationinrelationtothe
development, operation,and maintenance of
navigationinfrastructures (WG 07),2003.

InNovember2022, PIANC and EnviCom
hosted awebinartitled “Amarket approach

to blue carbon and opportunities for
waterborne transportinfrastructure”, building
onthe WG188report on carbon management.
The webinarexamined market-based
opportunities related to managing blue carbon
resources. Italso emphasised the limited
currentunderstanding of blue carbon
conceptsandtheirimportance tothe WTI
sector. Ablue carbon WG was therefore timely
and PIANC EnviCom established WG256 to
define blue carbon and explain how blue
carbonisrelevantto WTI.

Defining blue carbon

Blue carbonreferstothe carbonstoredin
coastaland marine ecosystems. Mangroves,
seagrasses and saltwater marshes capture,
store and sequester carbon dioxide (CO.)
inplantand sediment rhizome biomass,
forming the basis of BCE. When mangroves,
seagrasses and saltwater marshes arelost,
the carbontheyhavelongstoredisreleased

into the atmosphere as CO, through oxidation,

while the capacity of these habitats to
sequestercarboninthe futureis diminished,
if notlost entirely. What makes these marine
coastalecosystemsimportantis their ability
to store carbon continuously and indefinitely,
foraslongasthe ecosystemsremainintact.

Carbon markets

Carbon markets play an essential rale in

the management and conservation of BCE.
Carbon markets provide financial incentives
forthe preservationandrestoration of

BCE by assigning a monetary value to the
carbaon sequestration capabilities of these
ecosystems. These marketscreate ablue
carboneconomy thatencourages
stakeholderstoinvestin BCE conservation
efforts (Pendletonetal,2012).

Carbon markets generally require that

BCE projects demonstrate “additionality”
tosupportthe establishment of project-
specific carbon credits (Michaelowaetal,
2019).The 1888 United Nations (UN) Kyoto
Protocol defines additionality as “reductions
inemissions that are additionalto any that
would occurin the absence of the certified
projectactivity” (Houstonetal,2024;
UNFCC,1998).

Protecting BCE isessentialand can be
leveraged in carbon markets where existing
BCEisatrisk. The REDD+frameworkwas
established to protect existing habitatin

NOAA (2025) defines blue carbon as the “carbon captured by
the world’'s ocean and coastal ecosystems”.

IPCC (2021) defines blue carbon as “biclogically driven carbon

fluxes and storage in marine systems that are amenable to
management” and include “rooted vegetation in the coastal zone,
such as tidal marshes, mangroves and seagrasses.”
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Young mangroves are being used in the Boquilla Nature Reserve in Puerto Rico torestare native habitats, increase biodiversity and reduce shareline

impacts from storms. Photo by Burton Suedel.

developing countries—REDD stands for
“reducing emissions from deforestation and
forestdegradation”and+stands for additional
habitat activities that protect the climate,
including sustainable management,
conservation and enhancement of ecological

carbon stocks (UN-REDD Programme, 2025).

Underthe REDD+framework, developing
countries canreceive credit foremission
reductionswhen theyreduce habitatlosses.
Notably, REDD+credits are not available in
countrieswhere BCE habitats already are
protected.In Australia, for example, additional
creditisnot gained by “protecting” mangroves,
which already require protection by law.

Carbon markets can be used to finance
restoration and conservation projects
through the sale of carbon credits generated
from blue carbon projects. These credits
are sold to entities looking to offset carbon

emissions, creating arevenue stream that
supports environmental sustainability
(Duarteetal, 2013). By participatingin
carbon markets, BCE receivesrecognition
andresources foritsrolein reducing
atmospheric carbon, thereby contributing
to globalresilience to natural hazards
(Murray et al,, 2011). Participationin carbon
markets requiresrigorous monitaring

and carbon-sequestration verification
processes, which drives scientific research
inunderstanding and measuring BCE.

The Nature Conservancy (2024) provides
asummary table of coastalwetland methods
tocalculate blue carbon credits. This paper
does notsummarise methods to quantify
and verify BCE carbon storage.

While BCE, especially mangroves, seagrasses
and salt marshes, are all highly efficient carbon
sinks, otherecaosystems (e.g., macroalgae,

unvegetated tidal mudflats, coral reefs and
ocean sediments) also serve as lesseror
unknown carbonsinks (Howard et al, 2023).
Todate, carbon trading has targeted
mangroves, seagrass and saltmarsh BCE,
while carbon metrics for other marine
emerging environments (e.g., macroalgae,
benthic sediments and mudflats), continue
tobe developed and may become actionable
inthe future (The Blue Carbon Initiative,
https://www.thebluecarboninitiative.org).

Carbon sequestration potential in blue
carbon ecosystems

BCE captures COz2by sequestering the
carboninbiomass andinunderlying sediments
(Figure 2),which includes natural organic
carbonalongwith decayed biomass and
detritus.In marine environments, sulphate
reducing bacteria slow biodegradation and
limit methanogenesis and methanereleaseto
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the atmosphere. These processes formthe
basisfarlong-term carbon storagein marine
coastalecosystems.In freshwater
environments, anaerobic decay and methane
and CO:production canreduce long-termand
permanent carbon storage, though evenin
freshwater environments long-term carbon
storage (termed teal carbon)is possible
(Kayranlietal.,2010).

- Mangroves are intertidal forests known
fortrapping sediments and organic
carbon.Mangroves shrubs and trees
grow in coastal saline or brackish waters,
primarily in equatorial climates and along
coastlines and tidally influenced rivers
(Figure 3). Mangroves are not solely
equatorial and existintemperate zones as
well. The Blue Carbon Initiative estimates
mangroves are beinglostatarateof 2%
peryear. Meanwhile, carbon emissions
from mangrove deforestation account for
up to10% of emissions from deforestation
globally. Global efforts to protect and
restore mangrove forests have reduced
mangrove lossrates from~2% annuallyin

the late 20th centuryto <0.4% annually in
the early 21stcentury (Friessetal., 2019).
Seagrasses and seagrass meadows are
underwater ecosystems formed by seagrass
and othermarine plants found in shallow
coastalwaters and brackish estuaries.
Seagrasses are submerged flowering plants
that produce seeds and pollen and have
roots andrhizomes anchored to the seafloor.
Accordingto The Blue Carbon Initiative,
seagrassescoverlessthan0.2% of the
ocean floorand store roughly 10% of the
carbon buried in ocean sediments eachyear.
The Blue Carbon Initiative estimates that
seagrasses have lost more than 30% of
theirhistorical global coverage and are
beinglostatarate of 1.5% peryear.

Salt marshes are tidal wetlands that
accumulate organic-rich peat layers,
sequestering carbon over centuries.

Salt marshes appearin the coastal
intertidal zone and are regularly flooded

by diurnal tides. Salt marshes (Figure 4)
are populated by salt-tolerant plants

that support the stability of coastal and
estuarine environments. In addition to

Blue carbon
ecosystems also
have the unique
advantage of
accreting vertically
in response torising
sealevels.

theirlong-term carbon storage capability,
they play avitalrole in the aguatic and
terrestrial food webs and deliver nutrients
tocoastalwaters. Tidalmarshes have lost
mare than 50% of their historical global
coverage and are beinglost at arate of
12% peryear (The Blue Carbon Initiative).

Blue carbon ecosystems also have the unique
advantage of accreting vertically inresponse
torising sealevels providing they have

Asalt marsh fringe nearthe Port of Virginia container terminal protects land-based infrastructure from stormimpacts. Photo by Burton Suedel.
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sufficient sediment supply (Mcleodetal.,
20711). The sediment carbon sinksin these
environments increase overtime, greatly

extending theirlongevity.

Sediment beneficialuse canbe usedto
enhance these processes, especiallyin
degraded habitats subject toerosion,
subsidence and habitatloss where the
addition of dredged sediment can help
maintain sediment elevations and healthy
wetland habitat and aquatic ecosystems
(Berkowitzetal,2021,2022a,2022b;
Bridgesetal,2021;Suedeletal,2024).
Mangroves, seagrasses, and wetlands
continue to be atriskdue toincreasing
seawatertemperatures and sealevelrise,
increasing stormintensities, and
anthropomarphic pressuresincluding
nearshore developments, thuslimiting their
ability to adapt and defend coastal
environments against high-energy natural
hazard events (Ondivielaetal,2014).

Oceans absorbabout 31% of the CO-
emissionsreleased to the atmosphere
(NOAA,2025). While coastal habitats occupy
lessthan 2% of the total ocean area, they
account forabout half of the carbon storedin
oceansediments (The Blue Carbon Initiative).
Table1 adapted from Mcleod et al. (2011),
shows the blue carbon sequestration
potential for mangroves, seagrass meadows
and saltwater marshes compared to carbon
sequestrationinterrestrial forests. Globally,

GLOBAL

HABITAT COVERAGE

there are between 36 and more than 100
million hectares of BCE, but thiscoverageis
onlyasmall part of what existed histarically
andis frequently threatened by population
growth and other coastaldevelopment
pressures. The totalannual carbon storage
potentialin blue carbon habitatsranges from
approximately 80 to 204 teragrams carbon
(Tg C,or10°g C), while the annual carbon
storage capacity of terrestrial forests s
approximately 184 Tg C (Table 1).

The intersection of blue carbon and
waterborne navigationinfrastructure
Understanding the relationship between the
WTIlsectorand BCE is essential for developing
sustainable coastal management practices.
Portsandnavigationinfrastructure that
operate in marine coastal environments may
be in proximity to coastal habitat where blue
carbonresources (recognised or unrecognised)
exist. While portand navigation operations
cannegativelyimpact BCE, thoughtful and
proactive management practices may be used
toprotectandevenenhanceblue carbon
resources. Such operations mayinclude the
coastal,estuarine andriverine flood protection
measures and the beneficial use of dredged
material (Suedel etal, 2024).

Opportunities forthe WTlsectorto

protect, mitigate or enhance blue carbon

resources include:

- Achievingnetzero carbonemissions for
WTIland new development projects.

ANNUAL CARBON STORAGE POTENTIAL

(MG C/HA/YR)

(TGC/YR)

Blue carbon habitats

Mangroves 15 million ha 2.36+0.39 31to 34

Seagrass meadows 18 to B0 million ha 1.38+0.38 241083

Saltwater marshes 2to40 millionha 218+0.24 5to87
Terrestrial forests

Temperate 1.4 billion ha 0.05+0.01 53

Tropical 1.9 billion ha 0.04+£0.005 78

Boreal 1.3 billion ha 0.046+0.02 83

Mg=megagramor103 kg; Tg=teragram or 108 kg

Blue carbon storage metrics (from Mcleod et al., 2011).

= Aligning sediment beneficial use practices
with habitatrestoration and enhancement
goals,and enhanced resilience to
natural hazards.

- Restoringand enhancing habitat
mitigate new developmentimpacts to
the environment.

= Applying Working with Nature and
Nature-based Solutions (NbS) in operating
ormanagingWTI.

- Creating and supporting community
engagementwith BCE.

Overthe pastdecade, the US Army Corps

of Engineers (USACE]) and PIANC have
advanced sustainability thinking with such
concepts as Engineering With Nature®
(https://ewn.erdc.dren.mil) and using
Nature-based Solutions (Bridgesetal.,2021).
PIANC (www.pianc.org) developed the
Working with Nature philosophy for WTI
projects toadvance coastalresiliency

and habitat creation.In Europe, Ecoshape
(www.ecoshape.org) has advanced the
Buildingwith Nature paradigm tointegrate
NbSinto WTI projects. Collectively, these
nature-based initiatives have been leveraged
to promote habitatimprovement and coastal
resiliency, from altering the surface or texture
of submerged structures and thus creating
orexpanding aquatic habitats, to using natural
infrastructure systems, such asislands,
marshlands and mangroves to protect
WTIland local communities from severe
weatherevents.

While nature-based initiatives can be
incorporated atany project stage, theyare
bestconsidered early in project planningwhen
flexibility is greatest. By maintaining a
committed and proactive approach from a
project’s startto finish, opportunities to
supportablue carboneconomy can be
maximised, and importantly, frustrations,
delays and unforeseen costs can be minimised.

Beyond improving sediment and habitat
management, nature-based initiatives can be
leveraged to optimise environmental
conditions and optimise BCE. Thisinvolves
firstand foremost avoiding or minimising BCE
losses and secondly using sustainable
engineering design and project planning to
restore and create new BCE. Meeting these
objectives requires careful project planning
andimplementation, ecosystemand
performance monitoring, and adaptive
management. Adaptive management
recognises thatnavigation projectsrely upon
learning and adaptation to optimise project
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outcomes, including reducing energy use and
protecting the environment.

Waterborne transportinfrastructure
sector’'s alignment with blue carbon
Illustrative renderings were developed to
identify potential applications of nature-
basedinitiativesin ahypothetical port
scenario showing a conventional port
(Figure 5A) and the same portincorparating
multiple BCE features (Figure 5B),aiming
togainamore comprehensive understanding
of the opportunities to enhance, restaore
orcreate BCE andtointegrate BCE into
WTI planning.

Comparison of Figures SA and 5B highlight
the multiple opportunities toincorporate
infrastructure-related featuresinto the
design of anew or existing portlocated at
theland-seainterface. Theincorporation

of BCEintoWTIcreates opportunities to
increase the carbon storage capacity of the
portwhile promoting biodiversity, plant and
wildlife habitat, ecosystem services for
public use and reducedrisks to port/harbour
assets by using these systemstoabsorb
high intensity, natural hazards. Blue carbon
ecosystems canbeimplementedinways that
incorporate engineering, economic, socialand
environmental benefits while minimising
costs andburdens toportoperations.

Such opportunities existin both the land-
and sea-related environments that
complement existing and future WTI.

The tidal prism and nearshore environments are
areaswhere BCE canbe enhanced, restored or
created (Kingetal,2022). Figure 5B shows
how BCE canbeimplemented to complement
conventional structures, such as breakwaters
andjetties,where natural infrastructure
featurescanbeintegratedinto the design,
contributing to more sustainable multiple lines
of defence toreduce flood risk while promoting
safe navigation. Nature-based designs also
can enhance the environmental benefits of
hardened structures. When considering the
repair or modification of existing structures,
naturalinfrastructure features can be
integrated into the designto create hybrid
solutions thatinclude niches for enhancing
habitat value that contribute toa BCE while
supporting WTlinfrastructure requirements
(Bridgesetal,20271;Kingetal,2022).

Partnavigation channelsrequiring
maintenance to support port activities offer
unique opportunities to use dredged material
beneficially. Navigation channels can be

#177-AUTUMN 2025 23



ENVIRONMENT

oriented or shifted toreduce theirimpacts on
sensitive marine environments. Dredged
sediment considered suitable for beneficial
use canbe placedinwaystosupport BCE by
enhancing submergent oremergentwetland
habitats (Figure 5B). Such features,when
designed withintent,canserve toreduce wave
energy and erasion potential while providing
ecosystemservices. To the extent that these
BCE features attract native species and
marine wildlife, such habitats serve
recreational,economic and other co benefits
(Grothuesetal,2025).

Hybrid structures such as engineered
artificial reef modules can be used toincrease
the habitat value of infrastructure elements
thatrequire more hardened materials to be
effective. While not considered meaningful
contributorsto blue carbon, such structures
canbeusedtoreduce wave energy on BCE
such as seagrasses while promoting

sedimentation landward of existing reefs
(Watanabe and Nakamura, 2018) and reducing
the vulnerabilities of BCE structuresto
natural hazards (Storlazzietal,2025).

Management of upland infrastructure and

habitat features to further support BCE

Otherfeaturesillustratedin Figure SBinclude

those that canreduce the vulnerability of

portstofloodriskand other natural hazards,

and when combined, contribute to multiple

lines of defence forincreasing coastal

resilience. The Nature Conservancy (2024)

identifies the following project activities that

contribute to blue carbon:

» Avoiding habitat loss.

- Restoringtidal connectivity.

- Rewettingdrained organic sails.

» Restoring sedimentto sediment-starved
wetlands.

- Improving water quality.

- Replanting vegetation.

While upland features are not blue carbon
systems, they canwork with offshore blue
carbonsystems toenhance flood resiliency
andcanbeusedtointegrate habitat features
with portinfrastructure. Natural
infrastructure features such asearthen
bermsconstructedtoreduce floodriskorto
mitigate noise can be designed as
multipurpose structures thatinclude
low-maintenance native plant habitat and
walking trails. Selectively, those same plants
canserve as soilengineers to stabilise berm
slopestohelpreduce erosion.

Upland habitat features also promote
freshwaterrain infiltration to groundwater
and subseqguent groundwater migration to
offshore BCE that depend on freshwater
input (Santinietal., 2014). Bioswales can be
constructed at street level and planted with
low-growing native grasses and other
vegetation features toreduce flooding and

Coastalbirdsonrecently placed dredged material at Horseshoe Bend on the lower Atchafalaya River, Louisiana that was strategically placed to use the

river'senergy totransport this material downriver to shape the island’s development. Photo Burton Suedel.
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Ocean-side established marsh habitatcreated in 1876 with dredged material placement and beach nourishment efforts at the Apalachicola Bay,
Florida beneficial use site. Photo Nathan R.Beane (2019).

enhance groundwaterrecharge around
parking lots, buildings and along roadways.
Plant species selection considerations
include species that are native and adapted
totheregion, provide wildlife habitat and
food production, uptake stormwater
pollutants and offer historical and cultural
significance (Gaskin and Thomas, 2025).
Pervious pavers can be used to promote
additional groundwater infiltration, further
enabling groundwaterrecharge.

Overall, naturalinfrastructure materials can
be usedtoenhance the overall engineering,
environmental and flood risk management
benefits of WTI projects by reducing erosion,
floodriskand the project’s carbon footprint.
Sediment forms the foundation fornearshore
aguatic habitatand dredged sediment canbe
used to supplement natural sedimentation
processes forming a foundation for BCE and
supporting upland habitat.

Utility infrastructure also plays arole in
carbon management, as the installation of
shore power (Figure 5B) canreduce carbon
emissions andlocal air pollution associated

with ships docked at port. Combined, these
“green” features collectively contribute to
sequestering carbon, contributing toreduced
WTIcarbonemissions.

Waterborne transport infrastructure
sector contributions to blue carbon
While the potential physicalimpacts of the
WTlsectorto BCE are wellunderstood, much
less hasbeenreported onthe potential
opportunities to protectand enhance BCE
inthe WTl sector.Here, we provide examples
thatlink a key aspect of the WTIsectorand the
beneficial use of dredged material, to serve as
afoundation for BCE and carbon storage.

The USACE navigation project onthe lower
Atchafalaya Riverin coastal Louisianaisan
example of sediment beneficial use to create
BCE inabrackish, estuarine environment.
Tidally influenced, Horseshoe Bend Island was
created through multiple strategic placements
of dredged material overal12 year period, using
theriver'senergy to shape the placed material
toformtheisland (Figure B6).Foranetal.(2018)
reported carbon sequestrationresults
associated with wetland habitatcreatedon

the 35 haHorseshoe BendIsland. Since 2018,
Horseshoe Bend Island has nearly doubledin
size andis approximately 80 ha.

Foranetal (2018) reported emissions
reductions due to ashortened navigation
channel of 113 km (0.7 nautical miles) and
lowerrates of shoaling resultinginreduced
dredgingrequirements and safervessel
transits.Horseshoe Bend Island sequesters
anaverage of 5,220 kg of carbon peryear. The
shortened navigation channelreduces annual
emissions by approximately 186 million metric
tonnes of carbon dioxide equivalents based on
the amount of fuel saved per trip and the
number of trips made each year by commercial
tugs and ships.

Otherecosystem services associated with
Horseshoe Bend Island include increased
habitat value for flora and fauna, reduced
dredging costs and nutrient sequestration,
whichinturnreduces the nutrient load
delivered tothe Gulf of Mexico where
hypoxiais anongoingconcern (Foranetal.,
2018). Theresults of thisinnovative project
demonstrate reductionsincarbon emissions
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Established woody plant community and sandy beach created in 1975 with dredged material placement and beach nourishment efforts at the Buttermilk

Sound beneficial use site at the mouth of the Altamaha River near Brunswick, Georgia. Photo Nathan R.Beane (2019).

fromreduced commercial vessels transit
distances, less frequent dredging (reduced
dredger-associated emissions) and BCE on
the newly createdisland.

Berkowitzetal (2021;,2022a,b) conducted
ecosystem and engineering benefits
assessments of sixdredged material habitat
improvement projects thatwere constructed
more than 40 years ago, documenting the
long-term benefits of dredged material
beneficial use. Four of the projects werein
marine/estuarine coastal environments where
post-construction beneficial use monitoring
datawere available for comparison to natural
reference locations (Figures 7 and 8).

As part of the assessment, soil samples
were collected and analysed for multiple
physicochemical characteristics, including
loss onignition for percent organic matter
(LOI)and total carbon measurements, both
relevant for assessing blue carbon benefits.

Theresults of the four projects consistently
showedimprovements in soil physicochemical
propertieswith age, includingincreased
carboncontent. The LOl and total carbon
concentrationsincreased overtime and, in
most cases, approached the values observed
inreferencelocations. Thistrend demonstrated
that carbonisaccumulatinginthe beneficial
use sites (Berkowitzetal,2022a). However,
the amount of soil carbonin the beneficial
use sites was lower thanvaluesreported at
naturalreference locations —even decades
afterprojectimplementation and evenwhen
habitat characteristics and vegetation
composition showed significant similarities
with undisturbed areas. These results align
with findings from othersreporting blue
carbonaccumulationin created coastal
marshes (Yuetal,2017; Abbottetal.,2019).

Overall, results showed that 40 years after
construction, the four study sites maintained

the soil physical substrate necessary to
support healthy plant communities and
ecological functions of theirrespective
habitats (Berkowitzetal,2022b). Carbon
sequestration and otherbenefitswere
achievedwithout post-construction
management arintervention. Collectively,
using dredged material for habitat restoration
demonstrates the potential for novel nature-
based applications forthe WTl sectorto
contributeto BCE.

Conclusions

While there is growing evidence for the
benefits of blue carbonin marine coastal
environments, few studies have reported on
the intersection of the WTl sectorand blue
carbonresources. Known adverse impacts
associated with WTI projectsinclude carbon
emissions from the world’'s dredging fleet,
therelease of carbonwhen BCE bottom
substrates are disturbed by dredging
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activities and theloss of BCE when new
portsand other WTI projects are constructed
around existing habitat. Yet the beneficial
use of dredged material, especially material
removed from navigation channels, has
received scant attention forits potential for
providing opportunities to enhance, restore
andcreate BCE.

In established ship channels, sediment
beneficial use can offeran opportunity to
increase WTlcontributionsto BCE (Figure 8).
Sediment beneficial use offers several
advantages:1)itcancreate orenhance
habitats;2) it promotesresource circularity
within the tidal prism or watershed; and 3) it
reduces therelease of CO, by limiting the
oxidation of organic carbonindredged
sediment. While sedimentremoval over short
periods contributeslesstocarbonstorage,
deepening orwidening channels can
significantly reduce BCE by disturbing aged
substrateswithlong-term carbon storage.
Sand, silt and clay suitable for beneficial use
should berelocated to promote BCE and to
contribute tolong-term carbon storage.
Disposal of dredged material offshore
releases stored carbon andreduces potential
benefits,asitonlyaimstoremove sediment
fromthe channel.

While the economic situations of developed
countries and countriesin transition are quite
different, the opportunities toleverage natural
processesandtointegrate nature intoWTI
planning are universal. Greater focus must
be applied toimpacts on BCE, which
intrinsically supports marine coastal habitat.
New infrastructure developments are expected
toyield the most benefits during a project’s
earlydevelopment stageswhenintegrated
with existing habitats and avoiding habitat
loss. Greaterunderstanding of the natural
processes affecting a project and how natural
processes canbeintegratedinto project
designsreduces environmental and social
risks associated with coastal development.

Two approaches should be at the forefront
of WTI project design conceptsto protect
BCE and generate carbon credits: 1) how
besttoprotect existing habitat; and
2)howtopromote and create new habitat.
Theintegration of nature-based initiatives
with WTI projects canbeleveragedto
enhance existing environments, hence the
“with nature” aspect of these initiatives.

AllWTI projects have environmental impacts,
which should be offset by enhancing and

"To restore stability to our planet we must restore
its biodiversity, the very thing we have removed....
The greater the biodiversity, the more secure will
be all life on Earth, including ourselves."

creating new habitats. The increased use of
carbon trading models facilitates the use of
blue carbon to meet or offset mitigation
requirements. Sediment beneficial use and
nature-based initiatives can be employed to
create new BCE. Practitioners are encouraged
tounderstand how BCE is tradedinvoluntary
carbonmarketsand howtoleverage carbon
markets for blue carbon habitatinvestments.
Blue carbon projects must protect existing
habitats and demonstrate “additionality”when
establishing project-specific carbon credits
(Michaelowaetal., 2019).

PIANC EnviCom WG258 is developing
guidance topromote these concepts.

The guidance will define blue carbon and
explainitsrelevance toWTI. The WG is
gathering andreviewing information about
international blue carbon initiatives, bothin
relationto WTland, whererelevant, other
marine and coastal sectorsincluding nature

Summary

— Sir David Attenborough

protection. The guidance will identify and
present examples (case studies) that turn
theoryinto practice. These case studies will
include not only designed and implemented
blue carbon projects but also examples
showing evolving standards and markets.

Thecurrentinformation suggests that
meaningful opportunities exist for the
WTIlsectortoincrease its contribution

to blue carbon. However, significant gaps
remainin our understanding of how blue
carbon-related WTl activities can be
implemented. Addressing these gaps will
become increasingly importantin the future
due to the vulnerability of ports and other
marine infrastructure facilities to natural
hazard extremes. Blue carbon offers an
opportunity to contribute meaningfully to
BCE while simultaneously achievingamaore
sustainable, resilient and less vulnerable
WTlsector.

This article examines the crucial role of blue carbon ecosystems (BCE) —mangroves, tidal
marshes, seagrasses —in capturing carbon in marine environments and the role of
waterborne transportinfrastructure (WTI) to protectandrestore BCE. Blue carbon
ecosystems are vulnerable to pressures from WTI, such as ports and shipping lanes. We
explore the impact of port activities on BCE and review current mitigation strategies,
emphasising integrated approaches for sustainable coexistence. Working with Nature and
sediment beneficial use can be leveraged through collaboration among marine transport
authaorities, environmental managers, scientists and engineers to protect these essential
carbon sinks while supporting economic contributions from the WTl sector.

Blue carbonenvironments are essential to sustaining the marine coastal environment.
They sequester carbon while also creating essential habitat for fish and wildlife. They also
helpreduce floodrisks and associated vulnerabilities to nearshore communities and can
be usedtohelp protect portsand other WTI facilities from floods and high-energy events
by absorbingwind and wave energy. While the creation of BCE can help protect our coastal
communities, the loss of BCE risks exacerbating the potential for harm.

Carbon markets play an essentialrole inthe management and conservation of BCE -they
provide financial incentives for the preservation and restoration of BCE by assigning a
monetary value to the carbon sequestration capabilities of these ecosystems. These markets
are designed to encourage stakehalderstoinvestin BCE conservation efforts.
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VAN OORD’S AWARD-
WINNING RECLAMATION
PIPE GASKET REDESIGN

Sometimes a small improvement can have a huge impact. Van Oord’'s new
reclamation pipe gasket design significantly reduces the risk of potential
fingerinjuries with an easy to implement and cost-effective solution. The
design was chosen as the winner of IADC’s Safety Award 2025.
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Design innovation

When connecting the flanges of steel
reclamation pipes, a paper gasketis placed
inbetween tosealthe gap. When using
traditional gaskets, workers had to hold the
gasketsinplace,creating a potential risk of
fingerinjuries. With Van Oord's redesign of the
gasketstoadd“ears’, personnel are now able
to keep their fingers furtheraway from the
flanges, therefore significantly reducing the
risk of fingerinjuries while connecting
reclamation pipes.

Foreach12-metre section of reclamation
pipe, agasket must be placed. With kilometres
of reclamation pipes being connected
annually by the global dredging industry, this
smallchangeindesign canhave ahuge
impactinreducing therisk for personnel
involved in this activity.

The new gaskets were developed after
reclamation workers at Van Oord shared their
concerns andideas forimproving the issue.
Afterafew hours of brainstorming and
development of the new design, the new
gasketwascreated.

The type of gasket hasremained the same,
asonlyasmallchange in design wasrequired.
Therefore,itiseasytoimplementand use on
reclamation pipe connections around the
world. Van Oord opted for a design with three
“ears” allowing for easy handling, even while
wearing gloves.

Van Oard provided their supplier of the
gasketswith the specifications of the new
design,who ordered the knife required to cut
the new gaskets. Once the knife was available,
the supplierwas able to deliver the gaskets
quickly, as fast as traditional gaskets.

Simple and cost effective

Although the solution may be simple, its
impactis considerable. The new design
substantially reduces therisk of possible
fingerinjuries, which canresultinlostwork
time and even permanent disability. Another
strength of thisinnovationis thatthe new
gasketdesign canbe easilyimplementedina
cost-effective mannerby otherdredging
companies,improving safety forreclamation
workers around the world.

This solutionis agreat example of the
importance of creating a culture of safety.
By empowering colleagues to speak up and
voice theirconcerns, andlistening to their
ideas forimprovement, we can all benefit.
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LABORATORY
SETUPTO
STUDY CUTTING
FORCES OF
BLUNT CHISELS

Dredging of rock using a cutter head as found on

a cutter suction dredger will become increasingly
more important as drilling and blasting is often
prohibited. Understanding the cutting process and
resulting forces on the chisels can lead to improved
design and operational efficiency. The majority of
experimental and numerical work performed
considers rock cutting with an unworn or sharp
chisel, often omitting the normal force. This article
presents the linearrock cutting setup developed
by Royal IHC to study the effect of a worn or blunt
chisel geometry on the cutting forces, with the
emphasis on the normal force.

Inthe dredging industry, mechanical excavationis frequently employed for the
removal of various soil types. Aprominent example of mechanical excavationis a
cutterhead used by a cuttersuctiondredger (CSD) asshownin Figure 1Aand1B.
While applicable to the fullrange of soil types, the CSDis particularly noted forits
praficiency inrock cutting. Generally, mechanical excavation can effectively be used
todredge rocks with unconfined compressive strengths (UCS) up to approximately
50 MPa (PIANC,2018). Forgreaterrock strengths, drilling and blasting is utilised
topre-fracture the rock mass (Pettiferand Fooks,1994). However, contemparary
practicesrecognise the potential safety hazards and environmental concerns
associated with drilling and blasting of (very) strong rocks (50-200 MPa), leading
toregulatory prohibitions (Bach, Nielsen and Bollwerk, 2017).

Consequently, thereisanincreased focus on the potential application of acutter
headinstrongrock, where two major,dependent challenges are chisel breakage
and chisel penetration. To understand the balance, let us consider a cutter head
andits operational conditions.

Acutterhead contains five main elements (see Figure 1B). The arms, backring
and hub are often casted separately and welded together to form the cutter body.
Onthe armsof the cutterbody, adapters are placed that function as a holder for
exchangeable chisels. The chisels are held in place within the adapterusing a
locking mechanism.
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Royal IHC build CSD Hussein Tantawy (A) and Royal IHC cutter head (B).

Towithstand the cutting forces inrock, chisels have a tapered
design.As the chisels are subjected to abrasive wear (Verhoef,1897),
theirlength decreases overtime. Thislengthis known as the wear
length andis defined between the tip of a new chisel and the wear
markindicator. Due to this tapered shape, the cross-sectional area
of the chisel tipincreases as a function of the wear length, generating
awear flatarea. The existence of the wear flat areareduces the
stresses at the chisel tip by changing the tip profile from an edge to
aplane.Thisis knownintheindustry asa “blunt” chisel and results
inanincreasedresistance to penetrate therock mass. The wear flat
areaincombination with the operational conditions of the dredger
determine the penetration behaviour.

During rock excavation, the cutter head is typically rotating at15

to 30 RPM, resultinginacircular chisel trajectory and an angular
velocity (V,,) (Figure 2A and 2B). As cutter heads have increased to
approximately 4 metresin diameter,tangential velocities have raised
increased upto 7 metres persecond (m/s). Next to the rotational
velocity, a horizontal swing velocity (V) is present due to the
swinging motion of the dredger. The swing velocity is often found
tobeinbetween10 and 20 metres per minute (m/min). The addition

34 TERRAETAQUA



a)

1:5

Workspud |
in carriage | |7

Vertical swing pattern
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of this horizontal velocity component
changesthe trajectory from circular to
helical (see Figure 2A and 2C) and results
inthe total or cutting velocity (V).

Duetothe difference between the angular
velocity (V,,) and the cutting velocity (V).
anangle §.is found. This angle determines
the difference between the chisel static
angle (circular trajectory) and the chisel
dynamic angle, due to the addition of the
swing motion. Although the swing velocity
isan order of magnitude smaller than the
rotational velocity, the difference between
the staticand dynamic angles can
theoretically be up to 4 degrees. Note that
this differenceis dependent on the chisel
location and corresponding trajectory. The
dynamic angle equals zero when the angular
velocity (V) and the swing velocity (V) are
aligned,i.e.when the cutting velocity (V) is
exactly horizontal and has a maximum when
bothvectors are perpendicular.

The size of the wear flat area combined with
the dynamic behaviour of the chisel directly
affectsthe penetrationintherock massand

the cutting forces. Although this principleis
knownintheindustry, little is known about the
influence of awear flat areain combination
with the dynamic angles on the magnitude and
direction of the cutting forces on the chisels.
Some experimentalwork was performed where
ablunted chisel (tip radius) was used tolinearly
cutdrycoal (Dazieland Davies, 1964).Itwas
found that the addition of atipradius affects
thenormal force (F,)to such an extent, thatits
magnitude can be similar to the cutting force
(F.) (see Figure4).As the cutting forceis also
affected by blunting, the ratio average cutting
force to average normal force (F./F,)is often
usedtocompare different chisel geometries.
Forasharpchisel,aratio of F,/F, ~ —10was
found. Thisresults fromadominant cutting
force and slightly negative normal force when
the chisel is sharp, meaning that the chisel will
be pulled deeperintotherock. Forthe blunt
chiselaratio of approximately 1.6 was found
for differentradii (Evans,1965).

Detournay and Defourny (18892) published the
start of aphenomenological model using a
polycrystalline diamond compact (PDC) bitina
drilling application based on a suggestion of

Fairhurstand Lacabanne (1957).The
phenomenological model thatis postulated
includes cutting the rock (similar to sharp toals)
and frictional contact underneath the tool due
tothe addition of awear flat. Experimental
observations using PDC bitswith arotational
velocity and arate of penetration suggested
thataboundarylayerof failed rockis formed
underneath the wearflat area (Glowka,1987).
Aschematic representation of this processis
given by Dagrainand Richard (2006) and
Helmons (2017) andisamended to a chisel
(shownin Figure 3).

Although the process describedis governed
by different kinematics and tool geometry,itis
expected that this phenomenon will play an
importantrole in understanding the physics
while cutting rock with a blunt chisel. This
currently isinsufficiently understood.

Asdredgingis most often executed below the
water table, saturated rock conditions should
be considered. Saturating the rock sample can
have physico-chemical effects (Helmons et
al.,2016) reducing the mechanical properties
such asthetensile strength (TS) (Wong and
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Jong2014),UCS (Zhou et al.,2016) and
chipping efficiency (Bejari and Hamidi, 202 3),
and therefore cannot be neglected.

This article describes the experimental setup
designed and built at the Royal IHC laboratory
tostudy the effect of ablunt chisel geometry
onthe cutting forces with the emphasis on the
normal force. The setup aims to covernovel

PDC bit

Filter cake Wear flat

(grains and
pulverized rock)

Plastically deformed
rock

subjects, such assaturated rock conditions,
relatively large cutting depth withrespect to
the toolwidth and awear flatareain
combinationwith anegative clearance angle
and positive rake angle. Three comparable
experiments are shown where the accuracy
andrepeatability of the setup are discussed.
Subsequently, two preliminary experiments
are shownwhere the cutting and normal force

Chisel

Tensile zone

Shear zone

Crushed zone

V rock

Intact rock

Phenomenoclogical model rock cutting usinga PDC bit and chisel (after Dagrain and Richard, 20086).

Schematicrepresentation of a simplified chiseland unrelieved linear cutting experiment.

Chisel nr. Width (mm) Depth (mm) Rake angle Clearance Wear length
(degree) angle (mm)
(degree)
1 10 10 30 5 30
2 10 10 30 -4 10

Chisel properties.

ofasharpchiselare comparedtothose using
abluntaorwornchiselgeometry.

Methodology

To study the cutting forces of a blunt chisel
cuttingrock, the chiselused during the
experiments was simplified such that the
parameters ofinterest can beincrementally
varied. Aschematicrepresentation ofa
simplified chiselis shownin Figure 4. Here,w;
isthe width of the chisel, @ the rake angle, ¥ the
(back) clearance angle and Ly the wear flat
length. The chiselas showninFigure 4is
known as an unwarn or sharp chisel. Although
similar experimental setups have a chisel that
follows a circulartrajectory (Barker, 1964), it
was decided to simplify the motion of the
chiseltoalineartrajectory. Thisreduces the
overall complexity of the experimental setup
and allows for arigid and steady state
measurement of the cutting forces.

Considering Figure 4, the cutting force (F,)is
defined asthereaction force onthe chiselin
opposite direction of the cutting velocity (V).
The normal force (F,)is defined perpendicular
tothe cutting velocity in the vertical plane and
the side force (F,) perpendicular to the cutting
velocity inthe horizontal plane. Aschematic
groove during an experiment (cross-sectional
view) is shownwhere the forward breakout
angle(ﬂ;)and the cuttingdepth(d,)are
indicated. The cutting depthis defined as the
distance between the free surface of the rock
sample and the tip of the chisel. Furthermore,
atypicalresultof anunrelieved linear cutting
experimentis shownwhere the side breakout
angle(#;)isindicated.

Linear rock cutting setup

Thelinearrock cutting setup (LRCS)was
designed and custom-builtin the Royal IHC
laboratory (see Figure 5).In our setup, itwas
chosentodrive the chisel by a hydraulic
cylinder, simplifying testing on saturated and
submergedrock samples. The hydraulic
cylinderhasastrokelengthof1180 mmanda
pulling force capacity of approximately S
tonnes. The cylinderis attached to a hydraulic
power unit (HPU) thatis capable of driving the
carriage to a steady state cutting velocity in
therange of 0.01t0 0.23 m/s (force controlled).

Therocksampleisplacedinabasinthatallows
for full submersion and contains a clamping
frame to fix the rock sample to the basin
(elements 3and4in Figure 5, respectively).
The maximum dimensions of the rock sample
are 1100 x 300 x300 mm. To eliminate any
relative displacement between the rock
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Linearrockcutting setup atthe Royal IHC laboratory:verticalload cell (1);horizontal load cell (2); rock sample (3); and basin including rock sample clamp (4)

sample and the chisel otherthan the cutting
velocity, braces are installed on both sides of
the basininthe direction of the cutting velocity.

Instrumentation

The chiselis placed inthe measuring section
ofthe LRCS.Asshownin Figure 5,the section
contains two 6-degrees of freedom (DOF)
loadcells.Both ME-MeRsysteme loadcells
(type KEDB8) have anominal capacity of 10
kilonewtons (KNJin F, (side force), 10 kKN inFy
(normalforce) and 20 kN in F, (cutting force)
direction. The nominal moment around all axes
is SO0 Nm.The unique feature in this designis
the decoupling of the two loadcells. The chisel
ismounted through a hinge to the vertical
loadcell, decoupling it from the horizontal

loadcellmount. This configuration allows for
direct measurement of the cutting force as
well asrelatively large normal forces, whichis
the focus of this study. The chisel holder
currently allows chisels with awidth of 10 and
20 mm, butitcan be modified to allow any
chiselgeometry of interest.

Forthese experiments a cutting velocity

of 0.15 m/swas employed. The velocity is
determined by the first derivative with
respecttotime of the cutting distance,
taken from a pull-wire potentiometer during
every experiment. To ensure sufficient
resolution for all sensors, all measurements

arerecorded at 1kilohertz (kHz). Additionally,

two cameras are installed torecord the

cutting process from the top and from the
side. Theresolution of both camerasis
1920 x1080 pixels and the framerate is set
to 30 hertz (HZz).

Chisels and mechanical rock properties
The LRCS allows for a parametric study of
the chiselgeometry and material properties.
The chiselsusedin thisresearch both have
awidth of w. = 10mmand a rake angle of

a = 30°(asshowninTable1). The clearance
anglesusedarey = 5°andy = —4°(see
Figure 4). These angles are taken as a subset
of a full experimental matrix. All chisels are
made from hardened steel to prevent abrasive
wear during the experiments. Although the
geometry of the chiselsis made to emulate a
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Rock sample

Rock type

Rock family Chisel nr.

UCS sd (MPa) BTS sd (MPa)

1&2 Ytong1 Limestone Synthetic 1 2.83+0.03 0.60:0.06
3 Ytong 2 Limestone Synthetic 1 2.87+0.10 0.59x+0.05
4 Savonierres Limestone Sedimentary 2 3.70x0.01 0.60:0.017

Experimental program and rock sample properties.

blunt chisel as found during dredging
operation, additional wear during an
experimentwould be an uncontrollable
variable andis outside the scope of this
research. Additionally, all chisels in this
researchwere used only once.

Two types ofrock samples were used during
thiswork. First, three comparable runs
were conducted using Ytong — a synthetic
limestone (aerated concrete), which was
obtained at the local hardware store. The

secondrock sample usedin this study was
ordered fromaquarry andis known as
Savonierres limestone.

The physical and mechanical properties of
theserocksamples are evaluated by means
of drilled cores and following the ASTM
standards forrock testing (ASTM D2838-
951985, ASTM D3867-951885,ASTM
D4543-082008).Ahydraulic compression
testerwas usedtodetermine the UCS and
theindirect or Brazilian tensile strength

(BTS).Because the coreswere saturated
during testing, the force control was set to
0.05kN/s.The mechanical properties of
theserock samples are shownin Table 2.

Experimental protocol

Priorto every experiment, the rock sampleis
submerged for atleast 24 hours to ensure
full saturation. Then, the rock sampleis
transportedto the basinatthe LRCS. Here,
therock sampleis positioned such thatitis
levelledin both longitudinal and transversal

100 200 300 400 500 600 700 800 900 1000
b)
1250 . . 450 =
_ 1000 - | 300 E
g 750 ittLh 7 =it YR o
E v i ‘t"f' "p "“'m“" vt i Tt YU e =] 150 =
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Linearrock cutting experiment nr. 3:raw data (A); cutting groove (B); and cutting distance measurement and resulting velocity (C).

38 TERRAETAQUA




500 -

400

300

200

Cutting Force, F, [N]

|_

100

2 3

Experiment Nr.

Repeatability LRCS

directionswithrespecttothe LRCS,and the
clamping bolts are tightened. Care is taken
tonotovertighten the clamping bolts to
avoid inducing a confining pressure on the
rock sample. Subsequently, the basinis filled
withwaterand the chiselisinstalled. During
installation, the cutting depth (d,) is set
using an analogue hand caliper. This depthis
defined as the distance between the tip of
the chiseland the top of the rock sample.

Thedepthofcutiskeptconstant overthe total
cutting distance, i.e.the cutting velocity (V) is
settobe parallelwith the rock sample surface.
Thisisasimplificationwithrespecttothe
practical application where the cutting depth
variesfromzerotoV, /RPM = norviceversa,
dependentonthedirection of swingwith
respect tothedirection of rotation (overcutting
versus undercutting). Here, nis the number of
arms onthe cutterhead. Furthermore, the
chiselisalways positionedin the centerof the
rock sampletoensure anunrelieved cut.

Asshownin Table 2,the tested rock samples
have similar mechanical properties, allowing
fordirect comparison of theresults. Note that
allmechanical properties were taken as the
average fromtwo measurements. Afterthe

chiselinstallation, the carriage is carefully
positioned such that the chisel tip touches
therock sample in orderto minimise the
impact force at the start of an experiment.
After pressurizing the HPU, the chisel mation
isinitiated and stopped by an operatorusing
amanual start/stop switch.

Results

Atypicalresult of alinear cutting experiment
isshownin Figure B.In Figure BA, the cutting
force (F.). normal force (F,) and side force
(F;)are plotted against the travelled distance
through therock sample in x-direction. It can
be clearly seenthat afterinitial contact

(x = 40 mm), the cutting force increases
significantly and a typical sawtooth pattern
is generated, indicating a brittle failure
mechanism (Verhoef,1997). This behaviour
results from the generation of rock chips
during the cutting process. The normal force
isrelated tothe cutting force but shows a
negligible increase. More precisely, itis
found thatthe average normal forceis
slightly negative. Thisis aresult of the tool
tip tempaorarily loosing contact with the
bottom of the groove asarockchipis
released from the mass. At thisinstance,
partially due to the rake angle of the chisel,

The linear rock
cutting setup was
designed and
custom-builtin
the Royal IHC
laboratory.

the normal force can be directed downwards,
causingittobe “pulledinto” the rock mass.
As chisel Twas used during the experiment
shownin Figure 6, thisis to be expected.
Finally, the side force measurementis shown
toremain approximately zero over the total
distance.Duetothelinear motion of the chisel
and constant depth of cut this measurement
confirms that the chisel and rock sample are
properly alignedwithrespecttothe LRCS.

Furthermore, twovertical dashedlines are
shown.These vertical linesindicate the cutoff
distance frominitial contact of the chisel with
therock as well as the cutoff distance from
the chisel exiting the rock sample. Because a
steady-state cuttingprocessisrequiredto
determine the statistics during an experiment,
these so-called "break-in"and "break-out"
distances were calculated by defining a
threshold force value thatis an order of
magnitude larger than the noise of the signal.
The data points between these initial cutoff
distances are used tocompute the mean
cutting force, afterwhich the verticallines are
shifted one data pointinwards, effectively
shortening the steady-state sectionwhere a
new mean cutting forceis computed. This
processisrepeated until the difference
between subsequent mean cutting force
values equals O.1N.The statistics are then
determinedusing the datapointsinthe
steady-state section of the measurement.

Afterthe experiment, the resulting groove is
cleaned by carefully removing the released
rock chips (Figure 6B). The width of the
groove is found to be significantly wider than
the chiselwidth due to the side breakout
angle (8,) (Roxborough,1973).The collected
rock chips and resulting groove can be used
inalaterstage todetermine a particle size
distribution (PSD) and specific energy.
Finally, the displacement measurementis
shownin Figure BC. The experimentis
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Effect of chiselwear (negative clearance angle) on the cutting and normal force

characterised by a steady slope that leads
toaconstantcutting velocity of 0.15m/s.

Setup performance

Threeidentical experiments (as shownin Table
2)were performed using Ytong limestonein
orderto address therepeatability of the setup.
Theresults of these experiments are shownin
Figure 7 using a box plot. Each of these
experiments showed similar features as those
describedin Figure B6,where the cutting farce
was dominant, the normal force on average
slightly negative due to therake anglein
combination with a sharp chisel geametry and
the side force remained approximately zero.

Throughout the three experiments,itcanbe
seenthatthe size of the boxesis very similar.
The upperandlowerlength of the whiskersis
found to be similar for the three experiments
aswell, indicating similar variability. Lastly,
the overall mean of the cutting force was
computedand determinedtobe F. = 266 N.

Anotherinteresting finding is that the mean
and median per experiment are approximately
equal. Thisindicates a symmetrical distribution
of the data, which physically means that the
rock cutting process and thus behaviouris
spatially consistent. To achieve this, the rock
sample properties must be spatially consistent
aswell,indicating that this synthetic limestone
might be considered homogeneous.

Preliminary results on the effect of
clearance angle

Finally,the effect of chisel wearis addressed
by changing the clearance angle (¥), while all
othervariables are kept constant (see Table 1
and 2). During the experiment a characteristic
sound and vibrations were noticed, indicating
thatthe cutting process was notas smooth as
inthe previous experiments. The resulting
cuttingand normal force as function of the
cutting distance x are shownin Figure 8. Note
thatthelength of the rock sample used for the
worn chisel experiment(y = —4°)is

approximately 800 mmlength, 200 mm
shorterthanthe rock sample for the sharp
chiselgeometry (y = 5°).

Comparing the cutting forces for the sharp
andworn chisel geometryitis found thatthe
difference betweenlocal minima and maxima
islargerforthe worn chisel. This,however, is
expectedtobe caused by the ductility number
(m = UCS/BTS)thatis slightly different for the
tworock samples (Verhoef,1997).
Furthermore,itcan be seenthat both the
cutting force aswellasthe normal force are
increased due to the wear flat beingin contact
with therock sample. Analysing the average
cutting force toaverage normal force ratio for
the sharp chiselyields F,/F, =~ —55, duetothe
cutting force being dominant and the normal
force being slightly negative. In this case, the
angle of the total cutting force can be
consideredzero, i.e.inline with the cutting
velocity. The addition of the wear flat being in
contactwith the rock sample results in this
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ratioyielding F./F, = 1.23. This shows that the
angle of the total cutting forceisnolonger
zero but approximately 39°. This trend
corresponds well with the findings of Dalziel
and Davies (1964).Because the UCS is
slightly larger forthe Savonierreslimestone
(~22%),theincrease of the narmal force
between the two experiments cannot be
directly compared, but it doesindicate that the
presence of awear flatarea, including a
negative clearance angle of only 4° resultsina
significantincrease.

Analysing the naormal farce for the negative
clearance angle test,itisfoundthatthe
fluctuationin forceislessthan the cutting
force. While itis expected that the cutting
forceis mainly dominated by a brittle failure
mechanism, the normal force resulting from
therock sample beingcompressed at the
bottom of the chiselis dominated by a
cataclastic ductile failure mechanism
(Detournay and Defourny,1992: Cools,1993:
Verhoef,1987). The continuous crushing
actionunderneath the wear flat could explain
the apparently higherfrequency in the normal
force measurement.

Conclusion

Inthis article,the LRCS thatwas designed
and build at the Royal IHC laboratoryis
presented. This setup allows fora parametric
study of the chisel geometry and rock sample
properties. Using two, decoupled 6-DOF
sensors, cuttingand normal forces can be
measured up to 20 kN, using chisel of 10 and
20 mmwide and avelocityrange of 0.01-0.22
m/s. The maximum rock sample geometry
allowedis1100x300x 300 mm.

Conducting three comparable experiments
using a sharp chisel geometryin Ytong

rock samples (synthetic limestone), resulted
inthe average normal force being slightly
negative and the average side force remaining
approximately zero. The cutting force was
concluded to be similar throughout the
three experiments withrespecttothe mean,
median and the variability. From these
findings it was concluded that the setup
performs as expected.

Altering the chiselgeometry by introducing a
wear flatareain combination with a negative
clearance angleresultedinasignificant
increase inthe normal force while the cutting
force was less affected. This findingwas in
good agreementwithresults foundin
literature and led to the conclusion that the
measuring sectionis properly designed.

TheYoungAuthoraward was handed over by IADC’s Director Arnold de Bruijn (right) to Rick van de

Wetering for his contribution to the paper “Alaboratory scale linearrock cutting setup to study cutting
forces of blunt chisels”. The Young Author Award is granted at industry-leading conferences with
2025'swinningyoung author selected from the proceedings of the 24th WODCON Congress, held
from23-27 June 2025in San Diego, USA
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Summary

This article explains the linearrock
cutting setup designed and built at the
Royal IHC laboratory to study the effect
of aworn or blunt chisel geometry onthe
cutting forces, with the emphasis on the
normal force. To test the repeatability and
accuracy of the setup, three comparable
experiments were conducted using a
sharp chisel. From the resulting cutting
forcesitwasconcluded thatthe setup
performed as expected as therecorded
cutting force was within 18% throughout
the three experiments using synthetic
limestone. Furthermore, the normal

force was found to be slightly negative,
effectively pulling the chiselinto the rock.
This corresponds with findingsinliterature.
Finally,an experiment was conducted
where aworn chiselgeometry was used,
resultinginanincreased cutting force,
but a significantly strongerincrease in
the normal force. Thisimplies that the
normal forceis strongly dependent on
wear and cannot be omitted when cutting
rock with a chisel.

Rick van de Wetering

Rickisaresearch and development engineer at Royal IHC and a part-time
PhD candidate of Offshore and Dredging Engineering at the department of
Maritime and Transport Technology, Delft University of Technology, in the
Netherlands. He specialises in excavation technology for the dredging and

wet mining industry. Rick's research focuses on the physicsinvolved while
mechanically excavating soil orrock, combining experimental and analytical
techniguesinto applicable models.

Dr. Miguel Angel Cabrera

Miguelis an assistant professor of experimental soil mechanics at the
Geo-Engineering department of Delft University of Technology where he
works on the physical modelling of land instabilities and soil-structure
interaction systems. Hisresearch in geomechanics focuses on complex,
multiphase, geophysical and environmental flows, and interaction systems

between soil and fluid. To this end, Miguel develops and uses a combined
approach of physical modelling, advanced measurement technigues and
numerical modelling.

Dr. Mario Alvarez Grima

Mariois principal research and development specialist at Royal IHC with
over 30 years of experience in geo-engineering. He specialises in process
modelling for dredging and wet mining, combining analytical, numerical and Al
methods withlaband field data. He holds a PhD from Delft University of
Technology on Al applicationsin geo-engineering and has led
multidisciplinary projects onrock cutting and dynamic soil-structure
interaction. Mario has published extensively ininternational journals and
conferences.

Frits Hofstra

Fritsis aseniorspecialistat Royal IHC onthe interface between dredging
technology and mechanical engineering. He has worked on slurry transport
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loads on the systems. Currently Frits' research focuses on mechanical
excavation of soiland rock for the dredging and wet mining industries and
methods for the improvement thereof.

Dr. Rudy Helmons

Rudyis anassociate professorin Offshore and Dredging Engineering at the
Department of Maritime and Transport Technology, Delft University of

Technology. Hisresearch focuses on physical processesrelated to dredging
and seabed mining, including mechanical and hydraulic excavation, hydraulic
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EVENTS

UPCOM

ING COURSES

AND CONFERENCES

Dredging and Reclamation Seminar
17-21November 2025

Haliday Inn Atrium

Singapore

About the seminar
Since1983,the IADC hasregularly held a
week-long seminar developed especially for

professionalsindredging-related industries.

Theseintensive courses have been
successfully presentedinthe Netherlands,
Singapore, Dubai, Argentina, Abu Dhabi,
Bahrain and Brazil. With these seminars,

T TT R ™

IADC reflectsits commitment to education,
encouraging young people to enter the field
of dredging and improving knowledge about
dredging throughout the world.

Forwhom

The seminar has been developed forboth
technical and non-technical professionalsin
dredging-relatedindustries. From students
and newcomersin the field of dredging to
higher-lever consultants, advisors at port
and harbour authaorities, offshore companies
and other organisations that carry out

dredging projects. Attendees willgaina
wealth of knowledge and a better
understanding of the fascinating and vital
dredging industry.

Inthe classroom
Thereisnootherdredging seminar that
includes aworkshop covering acomplete
tendering process from start to finish.
Thein-depthlectures are presented

by experienced dredging professionals
from IADC membercompanies. Their
practical knowledge and professional
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expertise are invaluable forin the
classroom-basedlessons. Among the
subjects covered are:

- thedevelopment of new ports and
maintenance of existing ports;

e projectdevelopment: from preparation
torealisation;

« descriptions of types of dredging
equipment;

e costing of projects;

- typesofdredging projects;and

- environmental aspects of dredging.

Site visit:seeingis believing

Practical experience is priceless andit sets
aside this seminar from all others. There will
be asitevisittoadredging project oryard of
an|ADC memberto allow participants to view
and experience dredging equipment
first-hand to gain betterinsightsinto the
multi-faceted field of dredging operations.

Networkingisinvaluable. Amid-week dinner
where participants, lecturers and other
dredging employees caninteract, network,
and discuss thereal, handson world of
dredging provides another dimension to this
stimulating week.

Each participantwill receive a set of
comprehensive proceedings and at the end
of the week, acertificate of achievementin
recognition of the completion of the
coursework. Full attendance isrequired

to attain the certificate.

The fee forthe week-long seminaris

EUR 3,100 (out of scope EU VAT). The fee
includes all tuition, proceedings, workshops
and a special participants’dinner, but
excludes travel costs and accommodations.
We can assistyouin finding a hotel or
accommadation.

Formore information and how toregister
visit https://bit.ly/Seminar-SGP25

How to achieve dredging projects that fulfil
primary functional requirements, while adding
value tothe natural and socio-economic
systems. Thisisjust one of the questions
addressedduring the 3-day course thatis
based on the philosophy of the book, Dredging
for Sustainable Infrastructure.

Experienced lecturerswill describe the
latest thinking and approaches, explain
methodaologies and techniques, and
demonstrate through engaging workshops
and case studies, how to implement the
informationin practice.

During the course, participants will learn how
toimplement the sustainability principles
into dredging project practice, through
answers tothe following questions:

» Whatistherole of dredginginthe globaldrive
towards more sustainable development?

« Howcanwaterinfrastructure be designed
and implemented in a more sustainable and
resilient way”?

« Howcanthe potential positive effects of
infrastructure development be assessed
and stimulated as wellas compared with
potential negative effects?

= What equipment and which sediment
management options are available today?

- Abriefintroduction tothe question,
“What knowledge and toals are available
to make sound choices and control
aproject?”

Register for the course at https://bit.ly/
DfSI-SGP25
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RESPONSIBLE MARINE

SOLUTIONS: DFSI

Introducing a new web resource on sustainable dredging

Readers of this magazine willknow that one

of the main missions of IADC is to promote

the Dredging for Sustainable Infrastructure
(DFSI) philosophy.In 2018, expertsin marine
technology, from dredging companies to
academia, worked togetherto produce a book
by the same name.The publication presents
state-of-the-art guidance to achieve dredging
projects that full their primary functional
requirement, while adding value to the (natural
and socio-economic) system.In 2024, the new
DFSIMagazine was launched as a further step
inthe promotion of the DF S| philosophy. Now,
IADC is taking anotherstep in thisjourney with
the launch of anew online resource —the
Responsible Marine Solutions: DF Sl website.

The aim of this new website is to be the
“go-to” source of information on all things
related to sustainable dredging. The design
has beencreated to be user-friendly, clear
and accessible to awide audience; breaking
down what we really mean when we talk about

sustainable dredging projects. It includes
key insights from the book and will be
regularly updated with case studies, news
items and publications.

While the DFSI Magazine uses the chapters of
the DFSIbook to form the theme foreach
issue, the newwebsite is based around sixcore
principles of DFSI:nature-based solutions,
ecosystemservices, stakeholderinvolvement,
energy transition, adaptive management and
innovation, equipment and technology..

The new DFSIwebsite will also serve as a
valuable resource foranyone new to the
industry —whetheryou're a student, a local
authority representative, or simply someone
passionate about sustainability.

Sogovisitwww.sustainabledredging.com
and don't forget to follow IADC on social
media to find out when the latest content
is out!

Marine Solutions:Difedging for Sustainable Infrastructure

o e e g M )y e T R0 By
g s et et P

v sl b e g e

Ecosystem
services

Generating
services fromnature
forhumans

Nature-based
solutions
Sustainable
projectsthroughthe
inclusion of nature

Stakeholder
involvement
Understanding all
sides of the stary

Adaptive
management
Sustainable through
adaptability

Energy transition
Reducing emissions
through cleaner
energyinoperations

Innovation,
equipment and
technology
Evolving, modernising
andinnovation
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andreliability of its members as well as the dredging
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the forefront of the dredging industry.
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