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THE IMPORTANCE
OF FLOCCULATION
IN DREDGE PLUME
MODELLING

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

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

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

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

Port of Gladstone

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

The Portismade up of approximately

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

Approach

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

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

investigations and sedimentation studies, and
canrepresentthe process of flocculation.

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

.
MH10

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

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

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

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

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

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

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

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

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

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

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

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

Results

Influence of flocculation

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

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

higher SSC occurs. With flocculation included,

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

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

included provide abetterrepresentation of
the actual conditions.

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

Modelled 50th percentile natural SSCin the Portregion with flocculation

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

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

flocculation is excluded compared to when
itisincluded.

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

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

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

Influence of natural sediment

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

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

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

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

SSC (mgh)

50

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

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

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

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

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

Thereductionin SSC from the maintenance
dredgingbya TSHD in Jacobs Channel at

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

Percentileresults show that forthe 50th
percentile and below the natural SSC when
flocculationisincluded and when flocculation
and the maintenance dredging at Jacobs
Channel areincluded are almostidentical.
Plots showing the 80th percentile natural
SSCwhenflocculationisincluded and when
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flocculation and the maintenance dredging at
Jacobs Channel are included are shown in
Figure10.The plot shows that the natural
SSCissimilarbetween the two simulations,
exceptthatthe extentofthe40to 50 mg/I
contourisreduced within Jacobs Channel
andinthe adjacent Clinton Channelwhen

Modelled excess SSC at WBSO0 resulting from maintenance dredging by a

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

natural sediment transport (yellow)

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

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

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

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

be approximately three times largerifno

60

Natural
—NMatural {inc Dredging)
—Matural Plus Dredging

SSC (mgll)

12 Jul 13 Jul

14 Jul 15 Jul
Date

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

maintenance dredging SSC

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

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

As previously noted, the inclusion of

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

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

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

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

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

Conclusions

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

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

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

by afactorof four.

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

both naturaland dredged sediment. Therefore,

whennatural sediment transportisincluded
aswellas dredged sediment, the eroded

sedimentwillbe a combination of natural

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

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

Summary

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

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

flocculationinthe model.

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

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

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

dredged sedimentis transported.

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

will be deposited inlocations where similar
compasition natural sediment has been
deposited. It cantherefore be inferred
thatonce the sediment suspended by the
maintenance dredgingis deposited,itis
unlikely toresultinany additionalimpactsin
terms of SSC or depasition compared to
whatwould naturally occur (assuming that
the dredged sedimentis not contaminated).
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Results from this study highlight how
importantitis forany numerical modelling
related to dredging fine-grained sedimentin
amarine environment toinclude flocculation.
The study has also shown thatinareas with
high natural SSC modellingjustexcess SSC
fromdredging canresultin asignificant
overestimation of the SSC and ongoing
resuspension of the sediment, which could
influence potentialimpactsaswellas the
ultimate fate of dredged sediment.
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