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EVALUATION
OF ANATURE-
BASED AGITATION

DREDGING
SOLUTION

The challenge of maintaining harbours and ports while
conserving and sustaining coastal habitats, with all

the rich resources they provide, requires that port and
harbours do more to develop approaches to maintenance
dredging that provide benefit to these neighbouring
habitats. In this article, we describe an example from
Harwich Harbourin the UK where Harwich Haven
Authority (the Conservancy Authority) is looking to
move to a more nature-based maintenance dredging
methodology, using agitation dredging. Using the results
of monitoring and sophisticated numerical modelling, we
evaluate the likely benefit to the Stour/Orwell intertidal
areas arising from the use of the agitation dredging.

Throughout the world, many ports and
harbours lie adjacent to ecologically impartant
areas of coastal habitat, providing valuable
ecosystemservices. Theseinclude: highly
productive areas feeding large numbers of
predatory birds; feeding, spawning and nursery
areas for fish populations; absorption of
nutrients andimproving water quality;
protection of the coast from flooding and
erosion; efficient carbon sinks, contributing
significantly to the sequestration of global
carbondioxide and provision of livelihoods to
communities from shellfisheries to tourist
industries. The deepened areas of these
approaches and berths of these ports and
harbours are often associated with siltation,
maintenance dredging and offshore disposal
away from the coastal systemwhere the
dredging takes place. Inthe UK, 40-50 million

cubic metres (Mm?3) of maintenance dredging
isundertaken everyyear (Ausdenetal.,2018).
While some of this maintenance material is
placed atlicenseddisposal sites within
estuary systems, most of this material is
placed offshore atlicenced disposal sites and
onlyaround1%is usedtorecharge andrestore
coastal habitats (Ausdenetal,2018).

The depaosition and consequent removal of
sediment from the maintained areas of ports
and harbours canreduce sediment supply,
which mayresultinlong-termimpacts
resulting from depletion of sedimentwithina
coastalsystem (e.g. Spearmanetal, 2014).
Evenwhere offshore disposal does not
adverselyinfluence the coastal system, there
isnow a growinginternational consensus that
maintenance materialisaresource thatcan
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and should be used to promote sustainability
of coastlines given the global threat of climate
change and sealevelrise. Thisconsensusis
manifested by the wealth of initiatives to align
coastaldevelopment with nature, often
expressed as “Engineeringwith Nature”
(https://ewn.erdc.dren.mil) or “Building with
Nature” (https://building-with-nature.eu),
andthe growthin beneficial use of dredged
material (forinstance around 30% of all
dredged materialin the US, Gailani,2019).
Morerecently, the sediment management
pledgeissued jointly by NavClimate, PIANC
and the SEDNET network (SEDNET, 2021)
during COP26, hasresultedinabody of ports,
stakeholders, engineering contractors and
consultants committing to capitalise on

the use of sediment for promaoting nature,
reducing emissions and exploiting sediment’s
carbonstorage properties.

COP26 sediment management goals
The COP26 sediment management pledge
builds onideas that have been developing for
sometime (e.g.IADC 2008,0SPAR 2014;
CEDA,2019).Theideais that more critical
thinking about port management of dredging,
buildingin consideration of ecology (inits own
right) and the paositive influence of ecology on
coastaldefence, canresultinawin-win of
minimising the overall costs of development

toboth nature and human society. When the
economic importance of these wider
considerations areincluded in decisions
about development, the optimal options

are often much more “nature-orientated”
(Bridgesetal,2015; Labaoyrie et al., 2018).

The COP26 sediment management goals
highlight the need to promote, where possible,
therestoration and creation of habitat,
especially those leading to coastal resilience,
notingthatitis these same habitats that act
as avaluable carbon store; and secondly

they highlight acommitment toreducing the
energy expended in the management of safe
navigation. These goalsinferanatural pattern
of progress, where ports move from traditional
approachestomaintenance dredging without
consideration of maintenance materialas a
resource;toamore enlightened position
where traditional maintenance operations

are accompanied by beneficial use

wherever feasible. Therefore movingtoa
positionwhere the maintenance operations
themselves are designed to maximise
benefits for nature (and by extension

coastal defence) while minimising use of
CO02.This progressionwill take time as
knowledge is gained and the needs of
opposing stakeholders are reconciled
andnotevery portwillbe ableto progress
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Stour/Orwell estuary system.

The COP26 sediment
management goals
highlight the need

to promote the
restoration and
creation of habitat.

fully along this path. While all ports will have
scopetoimprove, some may be constrained to
some extent by theirenvironments, significant
economic considerations or particular
stakeholder concerns.

Case study

This case studyis about the Stour/Orwell
estuary systeminthe UKwhere the
conservancy authorityislookingtomovetoa
more nature-based and low-carbon
maintenance dredging methodology, using
agitation dredging. Using the results of
monitoring as well as sophisticated and
well-validated numerical modelling, we
evaluate the effectiveness of the agitation
dredging methodology and the likely benefit to
theintertidal areas of the Stour/Orwell
systemthroughitsuse.

The Stour/Orwell estuary system
Figure1showsthe Stour/Orwell system.The
estuary systemhasalow fluvialinput—the
mean total fluvial discharge into the Stourand
Orwell Estuariesislessthan 5 cubic metre per
second (m3/s),based on Environment Agency
dataandthe UK National River Flow Archive.
Thetidalrange is meso-tidal (3.6 metres (m)
mean spring tidal range at the estuary mouth).
Waves inside the estuary system are locally
wind-generated (Spearmanetal.,2014)
although within Harwich Harbour (whichis the
name given to the confluence of the Stourand
Orwell Estuaries, at the estuary mouth) swell
waves propagate from offshore. Typicalwave
heightsare 0.2-0.3 minthe Stourand
0.1-0.2minthe Orwell (HR Wallingford, 1994).
However, during strong westerly winds, waves
canrise uptolmthroughout much of the Stour
Estuary.Wavesin the Orwell Estuary are
generally lower because of the reduced fetch
lengths (Spearmanetal, 2014).

Ontheeastside of Harwich Harbour lies the
Port of Felixstowe, the largest container port
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within the UK. Harwich Haven Autharity (HHA)
annually undertakes maintenance dredging of
2.4 Mm3 peryear of soft mud (HR Wallingford,
2019). Histarically, the mud was principally
dredged by a trailer suction hopperdredger
(TSHD), aided by plough dredging in the
berths. Allthe materialwas, untilrecently,
disposed around 30 kilometres (km) offshore
of the estuary entrance at the Inner Gabbard
disposal site. The sediment supplied to the
estuaryisalmostentirely from offshore
marine sources and predominantly enters
from the near-shore zone north of the
entrance along the Suffolk Coast (Spearman
etal,2014). The Stourand Orwell Estuaries
have extensive mud flats that are protected
(Special Protected Area/Ramsar status)
because they supportinternationally
important populations of migratory bird
species:common redshank, dark-bellied
brent goose, northern pintail, grey plover,

red knot, dunlin and black-tailed godwit as well
as avariety of nationallyimportant species
(UNCC,2008).

The proposed change of dredging
methodology

Priorto 1898, occasional smallamounts of
dredged material were used for direct
beneficial use placementsto facilitate habitat
creationin Hamford Water,awetland area
located south west of the Stour/Orwell
system.From 1998 to the present day, around
4% ormorethan 50,000 tonnesdry solids/
year (TDS/year) of the sediment dredged from
Harwich Harbour has been dredged using a
small TSHD of around 1,500 cubic metres (m?)
capacity. Thisdredged sediment has been
used for sedimentrecycling (also known
asnon-direct beneficial use or strategic
placement), slowly releasing the sediment
into the watercolumn on the flood tide, in the
Lower Stour Estuary andthe Lower Orwell
Estuary (Spearmanetal,2014).

This sedimentrecycling has beenshowntobe
effectiveinincreasing the area of intertidal
habitat, particularlyin more quiescent areasin
the Upper Stour Estuary (Spearman and

Benson,2023). However, the current dredging
methodology is not optimal because the vast
majarity of the material dredged from the
harbouris stilldisposed offshore. Typically, the
size of TSHD normally used for maintenance
varies between 6,000 m3and 16,000 m3

and thedredgingcycleisaround 4 hours.
Thisincludes around 40 minutes of dredging
(with minimal overflow), the remainder being
traveltime toand from the disposal site thatis
located around 30 km offshore (based on
information provided by HHA).

HHAis seeking to move toamore nature-
focused agitation dredging methodolagy, for
whichithasgiventhe term Dredging with
Nature® The proposed agitation dredging
involves the resuspension of all of the material
that settlesinthe deep-water harbourinto the
water column so that tidal currents within the
estuary cantransportitaway fromthe
dredging areas. Theintentionisthatonthe
flood tide some of thisresuspended sediment,
justlike the sedimentrecycling thatis
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practised currently, will feed the intertidal
areas of the estuary system,and which are
considered to have been depleted by harbour
deepeningovertheyears (Spearmanetal,
2074). The new methodology takes thisidea to
the nextlevel, potentially mabilising greater
volumes of sediment and removing the

need foreither offshore disposal or for

the additional sedimentrecycling using
asmalldredge plant.

The overall concept for this agitation
dredgingisthatthe smallerdredgeroperates
with lowerinstantaneous productionrates
(while stillmaintaining an overall production
rate comparable with appropriately-sized
TSHDs), requiring more frequent dredging

and a semi-continuous release of (previously
deposited) sedimentinto the water column

to be carried away from the harbour by tidal
currents. As such, the methodology is
considerably closertowhat would be the
natural state of the estuary without deepening
when sediment temporarily depositing at slack
tide would be resuspended as currents pick up
and be carried upstreamtoreplenishintertidal
flats or offshore depending on the tidal state.
Thisapproach thereforerepresentsa
step-change in nature-based dredging
(Spearman and Benson,2022).

The agitationdredgingis proposed using a
new type of dredger called the Tiamat®
(Figure 2). The Tiamat® has been patented by
HHA and developed by HHA in collabaration
with Martens en Van Oord. Essentially the
Tiamat®is similarto awaterinjection dredger
(WID) design,inthatituses high-pressure
waterjetstoinjectwaterintothe bed.
However, ratherthan using the waterjetsto
create a highly concentrated near-bed
sedimentlayer that flows downslope underits

The methodologyis
considerably closer
towhat would be the
natural state of the
estuary without
deepening.
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Areas dredgedduring the trial. Titan Environmental Surveys Ltd., 2020.

ownweight,asoccurswithWID, the intention
with the newdredgeris toresuspend the
sedimentsothatcanbecarried away by tidal
currents. The designincludes arelease pipe at
B8 mabove the bed to encourage the dispersion
of the sediment. The Tiamat®is designed to be
towed by atug orworkhorse portvesselandis
not self-propelling.

Method

Overview

This study focused on evaluating the potential
benefits (the extent to which depasition of
sedimentonintertidal areas was enhanced)
aswell as potential disbenefits (the extent to
which suspended sediment concentrations
within the estuary system were increased) as
aresult of the agitation dredging. The study
made use of long-term surveying monitoring,
manitoring of bed levels, density profiles and
plume measurements associated with the
October2020 agitationdredging trialand
numerical modelling using a detailed and
well-validated 3D marphological madel.

This combination of monitoring and modelling
was developed (Spearman and Bensan,
2023) toidentify the changesin marphology
resulting from sedimentrecycling. The use

of agitationdredging to promote estuary
benefitis analogous tonon-direct beneficial
use and so the method is also effective for
the present study. Theimportant aspect of

the methodologyis thatit allows the effects
of the non-direct placement (or thiscase
agitationdredging) to be differentiated

from background sedimentation effects.
Baptistetal (2019), forinstance, found that
the greatestrates of accretion during the
placement associated with the Mud Motor

(a pilot programme of monitored non-direct
beneficial use undertakeninthe Wadden Sea
inthe Netherlands, 2016-2017) were found
during a period of reduced rate of placement
and adirect link between beneficial placement
andintertidal sedimentation could not be
made (Baptistetal 2019).

Trial monitoring —bathymetric changein
the dredging areas

HHA measured the changesinbed levelon
eight occasions over the period 30 September
to 20 November 2020.The areas thatwere
dredged and surveyed during this period are
showninFigure 3.

The measured changesin the total valume of
sedimentinthe surveyed areasis summarised
as follows: The total background daily rate

of accretionin the fourdredge areas through
the monitored period varied between

5,046 m3/day (30 Septemberto19 October)
and 2,486 m3/day (10 Novemberto 20
November) or 3,766 m3/day on average.

The net productionrate of the dredger, as
calculated from the lowering of the bed
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This approach
therefore represents
a step-change

in nature-based
dredging.

overthe period 30 Octoberto10 November
was 2,544 m3/day. Thisis the change in
volume thatis observedbutinreality while
the dredging isremoving sediment fromthe
bed more sedimentis depositing and this
netrateisacombination of both.

The actual productionrate of the dredger
isthe netproductionrate plus the average
backgroundrate, 5,030-7,530 m3/day or
6,310 m3/day on average.

The average productionrate (measured by
volume) is much smaller than the equivalent
productionrate measuredintonnesdry solids
(TDS).Thisis because the multi-beam sensor
usedtomeasure the bed level was detecting
the low-density material at the sediment-
waterinterface, which only experienced
relatively minor change during the dredging.

Trial monitoring — density profiling

HHA measured the changesindensity of
the seabed at 22 locations throughout the
dredging areas on nine occasions aver the
period 12 Octoberto 23 November 2020.
The measured changesindensity are
summarised in Figure 4 by averaging the

elevations for each density profile for all
locations foreach day of measurements.
Theresultsshowninthe figure can be
integrated through the bed profile to get

the (average) variation in mass above the
maximum density contour (here assumed to
representabulk density of approximately
1,400 kg/m3, oradry density of around

800 kg/m?®). This maximum density contour
is broadly constantin position sothe change
inmass aboveitrepresentsthe effects of
dredginginremoval of sediment from the bed.

Thedifferenceinthe massinthe bedatthe
startofdredging and the end of dredgingis
352 kg/m? whichisanaverage overthe
(approximately) 780,000 m? total area of
dredging. Overthe period of dredging, thisis
equivalentto 9,803 Tonnes Dry Solids (TDS)
perday (TDS/day). Onthe basisthat the
sedimentremoved from the bed isreleased
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Net productivity
was equivalent to
a medium-sized
TSHD butata
reduced economic
and energy cost.

into the watercolumn, the release of
9,803 TDS/dayis equivalentto 320 kg/s

(forthe 8.5 hours of daily dredging operations).

Roughly,10% of the bed is sand, which will
quicklyredepaosit onthe bed, so that the
release of fine sediment (silt/clay) into the
watercolumnis 288 kg/s. This average
releaserate duringdredgingis used for both
the plume and morphological modelling.
Itisworthnoting that thisdredgingrateis
equivalentto 4,150 TDS over4 hours (the
typicaldredging cycle ofa TSHD dredger,
based on HHA data). This productivity rateis
similartoatypical TSHD productivity fora
9,000-m3TSHD 0f4000-4500TDS per
cycle (basedon HHAdata).

Model domain and mesh, showing locations of Admiralty tidal

stations used.

Measurements of dredging plume
concentrationincreases

The plumes from the Tiamat® dredger were
monitored onthe 24 Octoberand 26 October
during neap tide conditions. The 24 October
measurements were undertaken during

three different ebb, lowwater (LW]) and flood
conditions duringdredging in Dredge Area 2.
The 26 October measurementswere
undertaken during high water (HW), ebb and
LW conditions during dredging in Dredge Area
3.The plumes were measured for suspended
sediment concentration using a combination
of water sampling, profiling of suspended
sediment concentrations using a calibrated
turbidity sensorand vessel-mounted ADCP
transects acrossthe plume. These latter
transects measured velocity and backscatter,
andwere calibrated using the SEDIVIEW
software (Witheretal,1998;Land and
Jones, 2001) to provide suspended sediment
concentrations and fluxusing the water
samples and profiling data (Titan,2020a).
The background sediment flux through each
plume transect was estimated based on

the measured concentrations either side of
the plume and subtracted from this total
sediment flux, to produce the excess sediment
fluxassociated with each transect.

These estimates of excess sediment flux
were then corrected in two ways:

1. Someofthetransectswere affected by
wakes from the tug towing the dredger.
Affected “‘ensembles”inthe ADCP output
were removed and replaced with the fluxes
from adjacentensembles.

2. Theexcesssediment fluxrepresents the
rate of release of fine sediment that would
be necessary fromastationaryvesselto
produce the same plume. However, as the
fine sediment creatingthe plumeis
released fromamoving vessel, the
measured fluxneedstobe corrected to
account forthe motion. For thisreasaon, the
sediment fluxis adjusted by the factor
(vanMarenetal.,2009):

U, + Uyl
LA

[Corrected flux] = [Measured excess flux] x

Where U.isthecurrentvectorand U, isthe
vector of the dredgermotion,and |U,| is the
magnitude of the vector U,.

Overall,the measured plume fluxes varied
from 2 kg/sto1,373 kg/swith an average flux
of 427 kg/s. This estimated fluxrepresents
the flux of fine sediment (only) disturbed by
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Model geametry and mesh within Harwich Harbour.
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Morphological wind and wave conditions.

Direction Wind speed Offshore wave Offshore wave Wave direction Percentage
(m/s) height, Hs (m) period, TP (s) (°N) of time (%)

0 79 1.50 6.1 8.8 8.4

45 9.1 1.26 5.4 32.5 10.4

90 7.8 1.04 5.2 62.7 8.4

135 8.0 0.90 49 1121 7.2
180 10.2 1.30 49 194.0 15.2
225 10.5 1.77 5.7 229.0 221
270 9.0 1.70 57 270.0 16.4
315 8.4 1.80 6.5 337.0 11.9

the dredger. The dredging logs provided by
HHA indicate an average of around 8.5 hours
of dredging perday. The corresponding
changesinbed mass (from Figure 4) overthe
specific period 23-26 October are equivalent
toarelease of fine sediment of 512 kg/s, which
is of asimilar magnitude to the measured
releaserate of 427 kg/s derived from the
SEDIVIEW measurements.

Modelling

Flow model set up

The TELEMAC-3D code (http://docs.
opentelemac.org)is a finite-element model,
which solves the 30 free surface flow
equations (with orwithout the hydrostatic
pressure assumption) and the transport-
diffusion equations of intrinsic quantities
(such astemperature, salinity, tracer
concentration). The TELEMAC-3D code uses
anunstructured mesh made of triangular
prisms and the verticalincludes both sigma
andflatlayering as well as generalised layering.
Figure 5 shows the model domain and mesh
usedinthe presentstudy. Theresolution of
the meshiscoarsestinthe middle of the
domain,away from coastal boundaries, with
anelementsize of about 5 km, reducing to

40 morfinerinside the harbour (Figure B).
Resolutionwithinthe Stourand Orwell
Estuarieswas settoapproximately80m

or finer. The flow modelwas driven on the
boundaries of the model using predicted

tides foraspring-neap cycle provided by the
Admiralty’s TotalTide® software. Atotal of
eight tidal stationlocations were used (labelled
inFigure 5) and the levels between each tidal
stationwerelinearlyinterpolated along the
length of each of the tidal boundaries. As the

freshwater flowinput to the Stourand Orwell
Estuariesis generally very low, no freshwater
runoffwas included in the model.

Wave model setup

Thewave model SWAN was used to consider
the processes of wave generation by local

wind conditions and wave transformation.
SWAN (https://swanmodel.sourceforge.io)
isathird generation spectralwave model,
which simulatesthe transformation of random
directionalwavesincluding: wave shoaling;
wave refraction;depth-induced breaking,
bottom friction and white capping; wave growth
duetowind;wavereflections from structures or
rocky shorelines; and far-field wave diffraction.
The SWAN modelwas configured so that the
model meshwasidenticaltothe TELEMAC-3D
mesh andwas driven by application of wave
conditions to the offshore boundaries of

the model and by a spatially varyingwind over
the model domain. Wind data were obtained
from Met Eireann's MERA reanalysis
(Gleesonetal,2017;Whelanetal.,2018)
forapoint offshore from Felixstowe at 51.9°N
1.328°E. These wind conditions were analysed
toderive representative wind conditions for
eightdirection sectors. The spatial variability
of the wind was modelled using the WAsP
model (Mortensenetal.,2001). Offshore wave
conditionswere derived from the ERAS glabal
wave hindcast produced by the European
Centre for Medium-range Weather Forecasting
(ECMWF).Wave conditions were associated
with the wind conditions from MERA by
correlation by direction sector.

Thevariation in wave direction, size and period
was characterisedintoeight ‘representative”

waves thatrepresentthe “average” wave from
each of eight different directions (as shawnin
Figure 8).“Average” here means the wave
whose contribution to fine sediment transport
corresponds tothe meantransportacrossthe
whole range of wave conditions experienced
from this direction. These representative
waves are sometimesreferredto as
“maorphological” waves and the methodology
usedtoderive therepresentative waveis
describedin Chesherand Miles (1992).
Therepresentative or “morphological” waves
are presentedin Table 1. Foreachwave
simulationin the morphological model, the
waterlevels within the SWAN wave model were
varied according to the water level predicted
by the flow model. This allowed the effects of
thereduced fetch and reduced waterdepth
resulting fromlow water,and the resulting
reductioninwave action, to be represented
within the morphological model.

Sediment transport model

The sediment transport model usedin this
studywasthe TELEMAC-3D model,i.e. the
same model as the flow model. This enables the
sedimentand flow to be fully coupled and able
toinfluence each otheratthe time-steplevel.
Settling of the suspended mud was
parameterised using a constant settling
velocity of 1.5 mm/s. At high concentrations,
the density of the suspended mudin
suspension becomes sufficientto cause some
stratification of the density of water through
the watercolumnresulting in damping of the
vertical mixing and potentialincreasesin the
near-bed concentrations. This mechanismis
included in the model using the formulation of
Munk and Anderson (1948).
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The modelling methodology allows the effects of
the agitation dredging to be differentiated from
background sedimentation effects.

Atwo-layer bed model was used for modelling
the bed exchange processesin the model.In
the bed model, the uppermost sediment layer
represents mobile material thatisreadily
eroded each tide by the combined action of
currents and waves then transported by the
flows and deposited again around the time of
slackwater.Net erosion ordeposition occurs
inthe model depending on the balance
between erosion flux from the bed and the
depaosition flux. Deposition of sediment from
the water columnisassumed tooccur
continuouslyinto the top sedimentlayerata
rate equal tothe product of the settling
velocity and the near bed suspended
concentration. Forthe top bedlayer, a critical
shearstressforerosion of 0.2 newtonnes
persquare metre (N/m?) was set everywhere.
When this threshold is exceeded by the
combined effect of waves and currents
(Soulsbyand Clarke,2005), erosionis
initiated and material erodes from the top bed
layeratarate predefined by the erosionrate
constant (Partheniades, 1965).Inthis case,
the erosionrate constantwas setto thevalue
of 0.001kg/m?/s.This value iswithin the range
used by otherresearchers generally foundin
the literature (Whitehouse etal.,2000).

Theunderlying bed layerrepresentsthein
situsedimentthat has experienced previous
consolidation oris mixedinto the pore spaces
of coarsergrained material. The critical
shearstressforerosion for thislayerwas
parameterised with spatially varied values
(fordetails see Spearman and Benson, 202 3).
Theerosionrate forthe lower bed layerwas
calibrated to be 5x10-°kg/m?/s. The dry
density forthe lowerlayerwas set to 750 kg/m?
(bulk density of approx.1470 kg/m3). The effect
of consolidation of freshly deposited material
may affect the distribution of erosion and
deposition within the estuary system.In
addition, within the estuaries, there can be
biological processes (biofilms and other
biogenic extracellular polymers) that act

toprevent sediment from being resuspended.
These consolidation and biological influences
areindirectly represented by the parameter
settings usedbut are notexplicitly
representedinthe model.

The sedimenttransport model was validated
againstsediment fluxmeasurements
collected during surveys commissioned by
HHAin February 2001during a set of spring
tides (HR Wallingford, 2001) and more recent,
surveys on 210ctober 2020 (spring tide
conditions)and 25 October2020 (neap tide
conditions) (HR Wallingfard, 2021). Profiles of
currentvelocity and acoustic backscatter
were collected along transects using avessel
mounted Acoustic Doppler Current Profiler
(ADCP).Fromthisinformation, the cross-
sectionintegrated volume of water passing
through the transect persecond were
obtained.Sediment fluxdatawere derived
fromthe ADCP transects using the
SEDIVIEW method (e.g,, Land and Jones,
2001). More detail on the comparison of the
model with these measurementsis givenin
Spearman and Benson (2023).

Morphological model validation

Coupled together, the flow,wave and sediment
transport model will henceforth bereferred to
as the morphological model. The model was
furthervalidated against the measured
marphological change over the period
2005-2015 shownin Figure 7. These surveys
of theintertidal and subtidal areas of the
estuary systemwere available as aresult of
the package of monitoring tasks associated
with the consentagreement associated for
the1898/2000 approach channel deepening.
Subtidal bathymetric surveys and LiDAR
measurements are undertaken over the whole
of the Stourand Orwell Estuaries are
completedevery Syears.

Anobjective evaluation of the model
performance was carried out (Spearman and

Benson,2023) by calculating the change in
intertidalvolume in fifteen differentintertidal
areas throughout the estuary system and
resultedinaBriers Skill Score (Sutherland et
al.,2004)0f0.89.Thiscorrespondstoa
rating of model performance as excellent
(Sutherland etal.,2004). For more details of
the validation of the morphological model,
see Spearman and Benson (2023).

Modelling agitation dredging in Harwich
Harbour

The morphological model was used to predict
the (average) annual change in morphology
with and without the agitation dredging.
Simulations (with and without the agitation
dredging) were undertaken for the eight
different morphological wave conditions
listedin Table 2. The different simulations with
and without dredging, and for all of the eight
differentwind/wave conditions, were then
weighted to establish the annual morphological
changeinthe presence/absence of adredging
contribution of 10 hours perday for 4 weeks,
with these campaigns occurring five times
peryear,which was the expectation for
deployment of the Tiamat® plant. Simulations
with dredging assumed areleaserate of 288
kg/s, calculated from the density profiling,
and assumed a movingrelease based onthe
movements of the Tiamat® during the October
2020 trial dredging, with release being turned
onandoffinaccordance with the records of
the trial. Note that at the time of writing capital
dredging of Harwich Harbour is underway.

The modelling (for both with and without
agitationdredging) therefore represented
the depth of approach channelto the Port of
Felixstowe as the deepened level of -16 metres
ChartDatum (mCD]).

This study has
shown that agitation
dredgingisana
viable, economic
low-carbon solution
for dredging at
Harwich Harbour.
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Results

Theresults of the modelling of estuary
evolutionare summarised in Tables 2-4

and Figure 8. The morphological changes
presentedrelate tothe (average) annual
changesin morphology with and without
agitation dredging. The overall marphological
effectarising asaresult of agitation
dredgingistoenhancethe accretion of
shallow subtidal/intertidal areain the Stour
by 3,200 m3/year andin the Orwell by

9,400 m®/year. Overall, the effect of agitation
dredging causes the estuary systemto
change from one of net erosion (of intertidal/
shallow sub tidal) to one of net depaosition.
The agitationdredging increases the
intertidal areaabove O m Chart Datum by

0.21hectare (ha)/year (Stour) and
0.25ha/year (Orwell) and above Mean Low
Water (MLW) by 0.1ha/year (Stour) and

0.46 ha/year (Orwell). The Special Protection
Area (SPA)inthe Stourand Orwellis defined
bythe MLW contour and therefore the
proposed agitationwillincrease the area

of designated habitat by 0.56 ha/year.

The predicted change in annual morphology
resulting from the agitation dredging,i.e.,
over and above thatresulting from the natural
background morphological changeis shown
in Figure 8. The shows that deposition of up
toafewcentimetres/yearis predictedinthe
lowest partof theintertidal areasalong the
Orwell.Inthe Stour,a few millimetres/year of

Copperas Bay :

Harwich
= ;

deposition are predicted in the shallow subtidal
of Holbrook Bay, inthe east of Copperas Bay
andin smallpatchesin Erwarton Bay.

Discussion

This study has shown that agitation dredging
isanaviable,ecanomic low-carbon solution for
dredging at Harwich Harbour and thatits use
willincrease therate of designated habitat of
around 0.6 ha/yearcompared to the scenario
without agitation dredging. Most of this
benefit (around 0.5 ha/year) is experiencedin
the Orwell with a smaller benefit (0.1ha/year)
inthe Stour. The greater benefitin the Orwell
isaresult of most of the maintenance dredge
areas beinginthe streamline of flowinto the
Orwell Estuary, ratherthaninto the Stour.
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Predicted annual changesinvolume (m3/year) above the-1TmCD contourin the Stourand Orwell Estuary.

Scenario Stour Orwell Total
Without agitation dredging +6,500 -9,200 -2,700
With agitation dredging +9,700 +200 +9,900
Difference +3,200 +9,400 +12,600
Predicted annual changesinintertidal area above CD (ha/year) in the Stour and Orwell Estuary.
Scenario Stour Orwell Total
Without agitation dredging +4.31 +0.60 +4.91
With agitation dredging +4.52 +0.85 +5.37
Difference +0.21 +0.25 +0.46
Predicted annual changesinintertidal area above MLW (ha/year) in the Stour and Orwell Estuary.
Scenario Stour Orwell Total
Without agitation dredging +0.00 +0.80 +0.80
With agitation dredging +0.10 +1.26 +1.36
Difference +0.10 +0.46 +0.56

This contrasts with the current sediment
recyclingwhere most of the release, and
hence the greatest benefit,is experiencedin
the Stour Estuary.

Acomparison between the effectiveness of
the present sedimentrecycling (Spearman
and Benson,2023) and that of the agitation
dredging above shows that the present
recyclingscheme has a greatereffect on
intertidal areas, creating 1.7 ha/year of
designated (above MLW) habitatin the Stour
and 0.8 ha/yearinthe Orwell. The reasons for
thelargersedimentrecycling are considered
tobe (i) due to therelease furtherupstreamin
the estuaries (alongside Erwarton and
Copperas Baysinthe Stourand adjacentto
Cranes HillMarshin the Orwell) compared to
the agitation dredgingin the harbour; and (ii)
because sedimentisonlyreleasedonthe
flood tide during the sedimentrecycling.
However, the benefitidentified for the
agitation dredgingis based on the dredging
undertaken at the October 2020 trial, which
was not optimised for achieving maximum
intertidal benefit. Itis expected that the
intertidal benefitwould be greatly improved

if Dredging Areas 3and 4 (inthe north of the
harbour, see Figure 3) were cansistently

The morphological
model approach
provides a way of
identifying the
optimal approach
to dredging
beforehand.

dredged on the early to mid-flood tide and if
Dredging Area1(in the south of the harbour)
was dredged on the ebb tide. Thiswould also
have the secondary benefit of maximising
the flux of sediment out of the harbour,
therebyreducing the extent of resettling

of mobilised sedimentand enhancing net
productivity. The marphological model
approach described above provides away
of identifying the optimal approach to
dredging beforehand.

Thereis sometimes concern with agitation
dredging and with non-direct beneficial use
thattheresultingincreasesin suspended
sedimentconcentration can potentially be
detrimental for ecology. The contextinthe
Stourand Orwell Estuariesis that natural
suspended sediment concentrations have
beenreduceddue tothe trapping effect of
harbour deepening (Spearman, 2023).
Moreover, the modelling of the dredging in
Harwich Harbour shows that the increasesin
suspended sediment concentration during
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agitationdredger are almost alwaysless than
10% of the peak natural values, rising by more
than10% only for a few percent of the time.
Suchincreasesinconcentrationare
therefore negligible.

The use of the Tiamat®is currently awaiting
regulatory approval as the current dredging
method, use of TSHD with regular beneficial
(sedimentrecycling) placements, is still part
ofthe consent agreement for the previous
deepening of the harbour. Once consentis
obtained,itisintended for maintenance
dredging to be based on the new agitation
method. However, it should be noted that
use of the agitation dredging is unlikely to
completely remove the need for the dredging
by TSHD of the harbour. The bed sediment
within the harbour comprises around

5-10% fine sand forwhich agitationisnotan
effective technique. Moreover, from time to
time sedimentation hot spots ar high infill
events may require additional productivity
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tomaintain navigable depths. The optimal
contributionof TSHD is expected to become
apparentovertime.

Itisintended for
maintenance
dredging to be
based on the new
agitation method.

Conclusions

Using theresults of density profiling, and
backscattermeasurements of dredger
plumes, combined with sophisticated
numerical modelling, we have evaluated the
likely benefittointertidal areasin the Stour/
Orwell Estuary system arising from the use of
anew agitationdredger. We find that the
effect of the agitation dredgeris enough to
move the estuary system from net overall
intertidal erosion to netaccretion and would
cause anincreasein (designated) intertidal
habitat of around 0.6 ha/year. The benefit
fromthe proposed agitation dredgingis
expectedtoincrease with optimisation of
the agitation dredging and we note that the
modelling methodology described can be
usedto further optimise the dredging
operationsinthisrespect.
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Predicted changes to the annual evolution of the Stourand Orwell Estuaries owing to the effect of agitation dredging.
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Summary

The challenge of maintaining harbours and
portswhile conserving and sustaining
coastal habitats,with alltherichresources
they provide, requires that portand
harbours do more to develop approaches to
maintenance dredging that provide benefit
to these neighbouring habitats. Harwich
Haven Authorityislookingtomove to a
more nature-based maintenance dredging
methodology, using agitation dredging.
Using theresults of monitoring and
sophisticated numerical modelling, we
evaluatedthe likely benefit to the Stour/
Orwellintertidal areas arising from the use
of the agitation dredging. We found that the
net productivity (intonnes dry solids) was
equivalenttoamedium-sized TSHD, but at
amuchreduced economic and energy cost.
We also estimate that use of the agitation
dredgerwould cause anincreasein
(designated)intertidal habitat of around
0.8 ha/year,whichwe expecttoincrease
with optimisation of the dredging within the
harbouron the flood and ebb tides.
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