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Summary
The Humber Aggregate Dredging Association (HADA) has commissioned a Marine Aggregate Regional
Environmental Assessment (MAREA) for the Humber Region. This will inform both the renewal
process for existing licences and applications for dredging in new areas.
A key element of the MAREA is an assessment of the sediment plumes that are produced during
dredging. ABP Marine Environmental Research Ltd (ABPmer) has been commissioned to undertake
this study.
During marine aggregate dredging there is the potential for the suspension of fine sediment plumes to
adversely affect benthic biota. Furthermore, as these plumes have the potential to disperse outside of
the aggregate licence areas cumulative and in-combination impacts with any similar activity may result.
The modelled case for the plume study is the extent of the licence areas (i.e. those currently being
dredged and application areas), as shown in Figure 1. However, it should be noted that dredging will
not take place to the edges or across the entire footprint of all licence and application areas. This
plume assessment therefore effectively presents a conservative over-estimate of the aerial extent of the
plume that will occur. The modelled case assesses the potential effects arising from the dredge plumes
with respect to both increases (above background) in suspended sediment concentrations in the water
column and any accumulations of sediment on the bed so potential impacts on benthic ecology can be
assessed. To fulfil this aim the study comprises four components:


A brief theoretical review of the dynamics of plume generation and dispersion;



A review of previous MAREA studies and monitoring reports both within the Humber area and
elsewhere to determine plume extents and suspended sediment concentration (SSC)
distributions from both actual aggregate dredging and theoretical/modelling studies. This
information has been used to help derive the modelling input parameters for the present plume
study and help validate the results;



Derivation of the model inputs parameters taking account of the relevant understanding and
experience gained from the initial review to ensure a realistic representation of the aggregate
dredging and the dynamics of the plume; and



Dredge plume modelling to determine the ‘footprint’ of the dispersed sediment in the plumes
around the licence and application areas within the Humber MAREA area. This data forms the
base for the environmental impact assessment, particularly with respect to the biology in and
above the seabed.

The results of the modelling have been presented graphically to show the spatial extent of the likely
plumes and interpreted to provide the extent of potential effect around the licence areas to different
sediment concentration thresholds for the modelled case.
The key features of the modelling have been discussed in the conclusions.

R/3965/3

(i)

R.1841

Humber MAREA - Physical Processes Study:
Assessment of Sediment Plumes

Humber MAREA - Physical Processes Study:
Assessment of Sediment Plumes
Contents
Page
Summary ..................................................................................................................................................i
1.

Introduction.................................................................................................................................1
1.1

Scope and Objectives.................................................................................................................1

2.

The Generation of Sediment Plumes Through Aggregate Dredging...........................................2

3.

A Review of Plume Dispersion Assessments Undertaken for Dredging Licence
Applications within the Study Area .............................................................................................4

2.1
2.2
2.3
2.4

3.1
3.2

3.3

4.

4.3

R/3965/3

Introduction.................................................................................................................................4
Dredging Licence Application Studies ........................................................................................4
3.2.1 Area 439.......................................................................................................................4
3.2.2 Area 106 East (480) .....................................................................................................5
3.2.3 Area 481.......................................................................................................................6
Summary ....................................................................................................................................8

A Review of Measurements from Previous Aggregate Dredging Monitoring Studies .................8
4.1
4.2

5.

Introduction.................................................................................................................................2
The Dynamic Phase of Sediment Plume Dispersion ..................................................................2
The Passive Phase of Sediment Plume Dispersion ...................................................................3
Modelling Considerations ...........................................................................................................3

Introduction.................................................................................................................................8
Fine Sediment Plumes ...............................................................................................................8
4.2.1 Eastern English Channel..............................................................................................8
4.2.2 Owers Bank................................................................................................................10
4.2.3 North Nab...................................................................................................................10
4.2.4 Hastings Shingle Bank ...............................................................................................11
4.2.5 Race Bank..................................................................................................................12
4.2.6 Summary....................................................................................................................12
Changes in Seabed Substrate..................................................................................................13
4.3.1 Area 106.....................................................................................................................14
4.3.2 Area 408.....................................................................................................................14
4.3.3 Area 430.....................................................................................................................14
4.3.4 Area 222.....................................................................................................................15
4.3.5 Area 473 East ............................................................................................................15
4.3.6 Areas 122/3 and 351..................................................................................................16
4.3.7 Summary....................................................................................................................16

Suspended Sediment Concentrations within the Humber MAREA Area ..................................17

(ii)

R.1841

Humber MAREA - Physical Processes Study:
Assessment of Sediment Plumes

6.

Defining Model Input Parameters .............................................................................................20
6.1
6.2
6.3

7.

Introduction...............................................................................................................................20
Description of the Dredger Used within the Humber MAREA Study.........................................20
Input Parameters......................................................................................................................22
6.3.1 Overflow Discharge Release Rates (Losses).............................................................22
6.3.2 Particle Sizes and Water Column Distribution............................................................24

Modelling of the Dredge Plume ................................................................................................24
7.1
7.2
7.3
7.4
7.5

Modelling Approach..................................................................................................................24
Model Setup .............................................................................................................................25
7.2.1 Hydrodynamics and Wave Models.............................................................................25
7.2.2 MIKE21-Particle Analysis Model ................................................................................25
Wave Sensitivity .......................................................................................................................26
Model Scenarios.......................................................................................................................26
7.4.1 Stationary Dredger .....................................................................................................26
7.4.2 Moving Dredger..........................................................................................................27
Model Results...........................................................................................................................28
7.5.1 Stationary Dredger .....................................................................................................29
7.5.2 Moving Dredger..........................................................................................................34

8.

Conclusions ..............................................................................................................................36

9.

References ...............................................................................................................................40

8.1
8.2
8.3

Literature Review......................................................................................................................36
Model Parameters ....................................................................................................................37
Modelling Results .....................................................................................................................38

Image
1.

R/3965/3

A photograph of the Arco Dijk TSHD ........................................................................................21

(iii)

R.1841

Humber MAREA - Physical Processes Study:
Assessment of Sediment Plumes

Tables
1.

Description of Licence Area 439.................................................................................................4

2.

Description of Licence Area 106 East (480) ...............................................................................6

3.

Description of Licence Area 481.................................................................................................7

4.

Summary of Predicted Plume Excursions (from Source) as Detailed in the Dredging
Licence Applications...................................................................................................................8

5.

Total SSC in Waters Downstream of Aggregate Dredging at North Nab ..................................11

6.

Summary of Measured Plume Data in the Literature................................................................13

7.

Summary of Extent of Bed Substrate Effects From Literature ..................................................17

8.

Summary of the Continuous Turbidity Measurements Collected During the LOIS Project .......18

9.

Summary of the Calm Mean Summer and Winter Surface SSC from the SNSSTS (2002) ......18

10.

Summary of the Calm Mean Summer and Winter Surface SSC for the Humber MAREA
Study Area (2011) ....................................................................................................................19

11.

Properties of the Arco Dijk (A-Class) TSHD .............................................................................21

12.

Summary of UK Spillway Measurement Losses .......................................................................22

13.

Dredging Discharges for Model Inputs......................................................................................24

14.

Summary of Model Runs ..........................................................................................................27

15.

Summary of Model Runs ..........................................................................................................28

16.

Statistics of Plume Extent .........................................................................................................29

17.

Statistics of Sediment Concentration........................................................................................30

18.

Approximate Maximum Distance That a Change is Likely to be Experienced Outside of a
Licensed Area...........................................................................................................................31

19.

Statistics of Longer-Term Extent of Effect ................................................................................33

20.

Statistics of Plume Extent (2mg/l) for a Moving Dredger Scenario ...........................................35

21.

Statistics of Sediment Concentration and Sedimentation for a Moving Dredger Scenario........35

R/3965/3

(iv)

R.1841

Humber MAREA - Physical Processes Study:
Assessment of Sediment Plumes

Figures
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

R/3965/3

Humber MAREA study area and licence areas
Maximum extent of depth-averaged concentration
Maximum extent of bed concentration
Fixed point plume modelling Cluster A near bed SSC footprint
Fixed point plume modelling Cluster B near bed SSC footprint
Fixed point plume modelling Cluster C near bed SSC footprint
Fixed point plume modelling Cluster D near bed SSC footprint
Fixed point plume modelling Clusters A, B, C, D near bed SSC footprint
Maximum extent of sedimentation
Record locations for Cluster A and B
Record locations for Cluster C and D
Time-series of concentration on ebb and flood tides at Cluster A
Time-series of concentration on ebb and flood tides at Cluster B
Time-series of concentration on ebb and flood tides at Cluster C
Time-series of concentration on ebb and flood tides at Cluster D
Maximum extent of depth-averaged concentration over 21-days
Maximum extent of bed concentration over 21-days
Maximum extent of sedimentation over 21-days
Time-series of concentration over 21-day at Cluster A - Initial release on flood tide
Time-series of concentration over 21-day at Cluster B - Initial release on flood tide
Time-series of concentration over 21-day at Cluster C - Initial release on flood tide
Time-series of concentration over 21-day at Cluster D - Initial release on flood tide
Time-series of sedimentation over 21-day at Cluster A - Initial release on flood tide
Time-series of sedimentation over 21-day at Cluster B - Initial release on flood tide
Time-series of sedimentation over 21-day at Cluster C - Initial release on flood tide
Time-series of sedimentation over 21-day at Cluster D - Initial release on flood tide
Maximum extent of depth-averaged concentration
Maximum extent of bed concentration
Maximum extent of sedimentation
Record locations at Area 102 - Initial material release at (a) S1A (b) S1B
Record locations at Area 448 - Initial material release at (a) S2A (b) S2B
Time-series of concentration on ebb and flood tides at Area 102 - Initial material release at S1A
Time-series of concentration on ebb and flood tides at Area 102 - Initial material release at S1B
Time-series of concentration on ebb and flood tides at Area 448 - Initial material release at S2A
Time-series of concentration on ebb and flood tides at Area 448 - Initial material release at S2B

(v)

R.1841

Humber MAREA - Physical Processes Study:
Assessment of Sediment Plumes

1.

Introduction
The Humber Aggregate Dredging Association (HADA) has commissioned ERM Limited (ERM)
to carry out a Marine Aggregate Regional Environmental Assessment (MAREA) for the Humber
Region, which extends from Flamborough Head to Cromer and offshore to approximately
1º 26’E (see Figure 1). The Humber MAREA is the fifth such study to be undertaken, with the
others covering aggregate dredging within the Eastern English Channel, South Coast, Thames,
and East Anglian regions.
The MAREA will inform both the renewal process for existing licences and applications for
dredging in new areas.
There are 9 active licences within the Humber area. Dredging is carried out in these by the
HADA companies: Tarmac Marine Dredging Ltd, Hanson Marine Aggregates Ltd, CEMEX UK
Marine Ltd, Westminster Gravels Ltd and Van Oord Ltd. Additionally, there are a further six
areas where new licences are being applied for.
A key element of the MAREA is an assessment of the sediment plumes that are produced
during dredging. ABP Marine Environmental Research Ltd (ABPmer) has been commissioned
to undertake this study by ERM and HADA.

1.1

Scope and Objectives
The principal question to be answered by each of the MAREAs was defined by Cefas (2008).
This is:
‘Are the current levels of dredging environmentally acceptable and if so, can this be
sustained along with dredging in new areas without causing significant environmental
impacts?’
During marine aggregate dredging there is the potential for the suspension of fine sediment
plumes. It is important to investigate these plumes as they can decrease light penetration
through the water column and the resultant dispersed sediments have the potential to smother
benthic biota. Furthermore, these plumes have the potential to disperse outside of the
aggregate licence areas meaning that this process has the most likelihood of causing both
cumulative and in-combination impacts with any similar activity. Specifically, the plume study
will consider the following:
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A brief theoretical review of the dynamics of plume generation and dispersion;



A review of previous MAREA studies and monitoring reports both within the Humber
area and elsewhere to determine plume extents and suspended sediment
concentration (SSC) distributions from both actual aggregate dredging and
theoretical/modelling studies plume study to help validate the results;



Derivation of the model inputs parameters taking account of the relevant understanding
and experience gained from the initial review; and
1
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Dredge plume modelling to determine the ‘footprint’ of the dispersed sediment in the
plumes around the Licence and Application Areas within the Humber MAREA area.

In addition to determining the extent to which dredging has or potentially could impact upon the
various physical process receptors as defined in the baseline characterisation report. The
outputs from this study will inform the other assessments being undertaken within the Humber
MAREA such as benthic ecology, as well as informing future licence renewals and applications.
The modelled case for the plume study is the extent of the licence areas (i.e. those currently
being dredged and application areas), as shown in Figure 1. However, it should be noted that
dredging will not take place to the edges of all licence and application areas. This plume
assessment therefore effectively presents an over-estimate of the aerial extent of the plume
that will occur.

2.

The Generation of Sediment Plumes Through Aggregate Dredging

2.1

Introduction
During aggregate dredging operations sediment is dispersed into the water column via three
main processes, these are:




Seabed disturbance by the draghead;
Overflow from the spillways, a process designed to maximise the aggregate load in the
hopper; and
Sediment rejected through screening.

This sediment initially forms a plume, of which there are two types (phases) of dispersion;
dynamic and passive.

2.2

The Dynamic Phase of Sediment Plume Dispersion
The dynamic phase relates to the initial rapid descent of sediment from the dredger to the bed
as a result of the sediment/water mixture being of higher density than the surrounding water,
where it joins the material resuspended from the draghead disturbance. As the sediment
descends, a proportion of the finer sediment is ‘stripped’ from the plume into the surrounding
water column and advected away from the dredging area by currents as a passive plume. The
remainder of the sediment reaches the bed, in which some of the sediment (mainly larger
fractions) will settle, some will be resuspended upon impact, whilst the rest will spread radially
across the seabed as a dense plume (i.e. high suspended sediment concentration (SSC),
which may be in the order of hundreds to thousands of mg/l). The distance to which the plume
will spread before settling, thus forming an unconsolidated deposit, is largely controlled by the
amount of kinetic energy spent overcoming bed friction; however, the overall extent of the
plume is predominantly controlled by tidal currents, the presence of a bed slope and the
character of the bed. Resuspension of the sediment may also take place if the energy provided
by tidal currents and waves are sufficient.

R/3965/3
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The zone of impact typically resulting from a dynamic plume is relatively small, usually affecting
an area less than 100-200m from the dredger (CIRIA, 2000). The size of the impact zone is
largely dependant upon the initial density and momentum of the sediment/water mixture
entering the water column as a result of the dredging activity, the water depth, the current
velocities and the speed of the dredger.

2.3

The Passive Phase of Sediment Plume Dispersion
The passive phase of plume dispersion is secondary to the dynamic phase and is controlled
more by the hydrodynamic process of advection, and by different types of dredging operation,
for example, overflow discharged through outlet weirs into the surface waters (rather than
through the hull) have very little initial momentum which allows more of the sediment to mix
through the water column to form a passive plume. The settling velocities of particles within a
passive plume are sufficiently low for them to remain in suspension for a considerable period of
time; however, the sediment concentrations within the plume are much lower than those found
in the dynamic phase. The movement of the fine particles in a passive plume is largely
controlled by current velocities, where the sediment will remain entrained within the water
column until the velocities become low enough for bed settlement to take place.
In comparison with the dynamic phase, the zone of impact typically resulting from a passive
plume can exceed several kilometres, and is largely controlled on the magnitude and direction
of the tidal currents and the amount and nature of the sediment released into the water column.
SSC within the passive plume can be in the order of hundreds of mg/l in the vicinity of the
dredger, much lower than those in a dynamic plume (CIRIA, 2000), reducing to tens of mg/l
with distance from the dredger before becoming indiscernible from natural background
concentrations.

2.4

Modelling Considerations
It should be noted that the majority of plumes which are seen usually result from the passive
phase of the plume as sediment in the dynamic phase moves more quickly towards the bed,
where it can be moved by resuspension by the local flow regime. It has been noted from visual
monitoring (HR Wallingford; 2010, 2011a) that the extent of plumes is generally greater from
the overflow of fines rather than during the screening process. This is due to the greater mass
of sediment released during screening which creates a greater density difference with the water
column allowing faster descent towards the seabed. The individual particles are also generally
of larger grain size and more of the fines are trapped in the dynamic plume, thus less sediment
is ‘stripped’ from the plume and advected away from the release location.
For this reason, the modelling of the plumes for the purpose of the MAREA at the regional
scale is based on the overflow operation, which is likely to give rise to the maximum extent of
effect of the plume in the water column; however, the thickness of sedimentation on the bed will
be less than for the screening process. However, as the rate of descent through the water
column is faster and the grain size is generally larger, much of this higher sedimentation will
occur within the licensed area where the bed will have already been directly affected by the
dredging activity. Of critical importance for the modelling and therefore prediction of the
‘footprint’ of the environmental effect associated with the many aggregate licences in the
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Humber MAREA area is the dredger overflow release rate and the loading time. In order to
define realistic modelling input parameters a review of previous reports and monitoring studies
has been undertaken. This review is presented in the following section.

3.

A Review of Plume Dispersion Assessments Undertaken for
Dredging Licence Applications within the Study Area

3.1

Introduction
This section briefly describes the predicted fine sediment plume excursions that may result
from aggregate dredging, as determined in the available environmental statements for specific
dredging licence applications. It must be highlighted that some of these application areas may
now be licensed; however, the environmental statements for these areas are still valid for the
purpose of this section. Furthermore, all the information presented in the following subsections are summarised directly from the relevant environmental statements, with only
Section3.3 being an analysis of the available information.

3.2

Dredging Licence Application Studies

3.2.1

Area 439
The following information has been extracted and summarised from an Environmental
Statement prepared for Area 439 (Entec UK Limited, 1999).
Hanson Aggregates Marine Ltd has applied for a marine aggregate production licence to
extract a maximum of 500,000 tonnes of marine aggregates per annum from the Inner Dowsing
area for a period of 10 years. Prospecting work has indicated that Area 439 has a reserve of
approximately 6 million tonnes of marine sand and gravel. A summarised description of the
licence area can be found in Table 1.
Table 1.

Description of Licence Area 439

Parameter
Location

~11km offshore of Mablethorpe

Water Depth

10-12m

Tidal Currents

Seabed Composition

Suspended Sediment
Concentrations

R/3965/3

Description

Peak (spring tide) velocities are around 0.9m/s during the flood tide, with peak ebb
flows being smaller, at about 0.75m/s.
Lies on a broad seabed platform which extends into the Wash. The platform consists
of Pleistocene deposits covered by variable thicknesses of unconsolidated sandy and
gravelly surficial sediments. On average, the bed material within the dredging area
consists about 20% gravel and at least 75% sand and up to 5% silt (particle size
<63µm)
Typical concentrations are approximately 40mg/l with peaks of 140mg/l occurring
between autumn and spring during storms, whereas minimum concentrations of
between 5-10mg/l occur in the summer months.
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3.2.1.1 Methodology
Based upon the typical seabed composition at the site, detailed in Table 1, and a target
dredged cargo ratio of 60% gravel and 40% sand, a typical dredged load of 4,400 tonnes will
contain 2640 tonnes of gravel. If screening was 100% efficient, this would require dredging of
7,500 tonnes of aggregate, with 3140 tonnes discharged overboard, containing a maximum of
340 tonnes of sediments of the silt fraction or finer. In practice, screening is not 100% efficient
and some material within the target range will also be rejected, possibly amounting to some
30% of cargo load. Assuming a 30% loss of desirable cargo through the screening process,
the total quantity of seabed sediment that must be pumped, for a 4,400 tonne cargo load, will
be around 10,750 tonnes, giving an input to the water column of 6,400 tonnes; containing
540 tonnes of silts and clays (<63µm diameter). Loading efficiencies for sand cargoes are
typically much higher at approximately 58%, whilst all-in cargo efficiencies as high as 93% have
been recorded.
Assuming that screening to retain gravel takes place as described above, pumping of 10,750
tonnes of solids would involve dredging on average for about 4.5 hours (using an A-Class
Dredger with pumping at 7,750m3/h). On this basis, the total overspill discharge rate of the AClass vessel will be 394kg/s, including 33kg/s of silts and clays.
3.2.1.2 Plume generation
It is predicted that material greater than 2mm in diameter would fall almost instantaneously to
the bed, whilst fine sand fractions and silts and clays will sink more slowly with a proportion
maintained in suspension by tidal currents. At slack water, fine sands (0.2mm) will settle to the
seabed within 15 minutes, whilst very fine sands may take up to 1.4 hours to settle. These
timings are based upon the site specific depth. This being said, the maximum extent of sand
deposition is not expected to exceed one tidal excursion distance from the dredge site in both a
flood and ebb direction (12km during spring tides, 6km during neaps). Silts and clays will be
held in suspension for a much longer period of time, and based upon the overspill fluxes
mentioned above, depth-averaged SSC behind the dredger with a plume width of 50m and
depth of 10m would be approximately 67mg/l. A visible plume may extend in excess of 12km
from the dredger on spring tides.
3.2.2

Area 106 East (480)
The following information has been extracted and summarised from an Environmental
Statement prepared for Area 106 East (MES, 2003).
Hanson Aggregates Marine Ltd has applied for a marine aggregate production licence to
extract a maximum of 500,000 tonnes of marine aggregates per annum from Area 106 East for
a period of 15 years, where the typical operating tonnage is about 475,000 tonnes per annum.
A summarised description of the licence area can be found in Table 2.

R/3965/3
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Table 2.

Description of Licence Area 106 East (480)

Parameter
Location
Water Depth
Tidal Currents

Seabed Composition

Suspended Sediment
Concentrations

Description
~25km offshore of Mablethorpe
Generally less than 20m, increasing to 30m along the eastern side on the margin of
Silver Pit.
Peak (spring tide) velocities are around 0.9m/s during the flood tide, with peak ebb
flows being smaller, at about 0.8m/s.
The seabed in and immediately surrounding Area 480 is relatively uniform and
featureless. The surficial sediments in this region are coarse grained, consisting of
gravel, sandy gravel or gravelly sand. Sediments within the area are dominantly
coarse silty sand and gravel characterised by the following particles: 5mm (7.4%),
2mm (8.5%), 0.3mm (10.3%), 0.212mm (16.1%), 0.15mm (18.6%), and <0.063mm
(11.7%).
Near bed concentrations typically of the order of several tens of mg/l (of silt) but under
storm conditions these concentrations could rise to a few hundred mg/l. Depth
average background concentrations will be roughly half these.

3.2.2.1 Methodology
Simulations of dispersion arising from dredging were carried out for silt and fine sand for both
spring and neap tidal conditions. Releases were simulated for a worst case scenario whereby
dredging operations took place continuously (another dredger taking over as the previous
dredger completes its loading), with each dredger having a capacity of 2,500m3. In the case of
Area 480, the deposits are of a high quality comprising an average gravel content of
approximately 32% and in some cases exceeding 60%, and as such, modelling assumed an
all-in cargo with sediment loss rates of 8.3kg/s and 5.5kg/s for silt and fine sand, respectively.
3.2.2.2 Plume generation
Model simulations predict peak increases in depth-averaged SSC of around 30mg/l above
background concentrations during a spring tide, which occurs roughly in the middle of the
dredging path; increases of more than 10mg/l are confined to a width of 300-500m along this
path. The total excursion of the plume is up to 10km in the flood-ebb directions, but at this
distance the increases in SSC are of the order of 1mg/l or less. During a neap tide, the largest
depth-averaged increases in SSC predicted during the simulation were also around 30mg/l,
with increases of more than 10mg/l confined to a width of 200-1,000m along the dredge path.
The total excursion of the plume is 3-5km in the flood-ebb directions during a neap tide, which
is much less than that of a spring tide.
3.2.3

Area 481
The following information has been extracted and summarised from an Environmental
Statement prepared for Area 481 (Entec UK Limited, 2005).
United Marine Dredging Ltd and Van Oord have applied for a marine aggregate production
licence to extract a maximum of 1 million tonnes of marine aggregates per annum from
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Area 481 for a period of 15 years; with a maximum extraction of 7.5 million tonnes. A
summarised description of the licence area can be found in Table 3.
Table 3.

Description of Licence Area 481

Parameter

Description

Location

~21km offshore of Skegness

Water Depth

30m in the eastern and western areas, 20m in the south. A small central ridge in the
southern part experiences depths of approx 10m.

Tidal Currents

1-1.5m/s (peak spring currents)

Seabed Composition
Suspended Sediment
Concentrations

Grab samples from Area 481 indicate that on average, the bed material in the
proposed dredging area consists of 20% gravel, 75% sand and an average of 1.9%
silt. The average D50 for this area is 1.48mm.
Typical concentrations are approximately 40mg/l with peaks of 140mg/l occurring
between autumn and spring during storms, whereas minimum concentrations of
between 5-10mg/l occur in the summer months.

3.2.3.1 Methodology
Assuming a target ratio for a gravelly cargo of 60% gravel and 40% sand, a typical load of
5,200 tonnes (United Marine Dredging Ltd, City of Westminster Dredger) will consist of
approximately 3,120 tonnes of gravel. If screening was 100% efficient, this would require
dredging of 15,600 tonnes of aggregate, with 10,400 tonnes of solids discharged overboard (via
overspill and from screening). This discharge would contain 780 tonnes of sediments of the silt
fraction or finer (assuming as a worst case that fines constitute 5% of the resource), which
represents a discharge of 156kg of fines for every tonne of retained cargo. However, in
practice, screening is not 100% efficient and some material within the target range will also be
rejected.
For sand cargoes (as proposed by Van Oord), the quantity of material discharged to the water
column will be lower. Sand typically comprises 75% of the resource in Area 481, and assuming
efficient screening, a sand load of 6,500 tonnes (Van Oord, Volvox Iberia Dredger) will require
dredging of up to 9,000 tonnes of aggregate. In the worst case, assuming that all fines pumped
(5% of the load) are discharged overboard, a total of 450 tonnes of fines would be discharged
for each loading cycle (a discharge of 67kg for every tonne of retained cargo).
As such, a high gravel content cargo represents the worst case situation in terms of total
discharge of fines per unit of dredged material retained. Based on the City of Westminster
dredger, it will take around 6 hours to fill the cargo hold, representing a discharge rate of fines
of 36kg/s. A corresponding figure for the sand cargo in Volvox Iberia will be 60kg/s.
3.2.3.2 Plume generation
Material greater than 2mm in diameter is predicted to fall almost instantaneously to the bed,
whilst fine sand fractions will sink more slowly with a proportion maintained in suspension by
tidal currents. The maximum extent of sand deposition is not expected to exceed one tidal
excursion distance from the dredge site in both a flood and ebb direction (9km during spring
R/3965/3

7

R.1841

Humber MAREA - Physical Processes Study:
Assessment of Sediment Plumes

tides, 4km during neaps). Silts and clays will be held in suspension for a much longer period of
time, and based upon the overspill fluxes mentioned above, depth-averaged SSC behind the
City of Westminster and Volvox Iberia dredgers for a plume width of 50m and depth of 10m
would be around 144mg/l and 241mg/l, respectively. A visible plume may extend in excess of
9km in a downstream direction from either dredger on spring tides.

3.3

Summary
A summary of the predicted fine sediment plumes (passive dispersion phase) as detailed in the
dredging licence applications above is offered in Table 4. The predicted distances of the
sediment plume range from 9-12km, where there would appear to be little or no correlation with
respect to water depth, current speed or fine sediment loss rates from the dredger and the
predicted plume excursion distance. These predictions are compared with measured plumes
determined through monitoring studies in Section 4.2.6.
Table 4.

Summary of Predicted Plume Excursions (from Source) as Detailed in
the Dredging Licence Applications
Site

Area 439
Area 106 East (480)
Area 481
Area 481

Screening/
All-in Load
Screening
All-in Load
Screening
All-in Load

Water Depth Current Speed Fine Sediment
Plume
(m)
(m/s)
Loss Rates (kg/s) Excursion (km)
10-12
0.75-0.9
33
12
<20
0.8-0.9
8.3
10
20-30
1-1.5
38
9
20-30
1-1.5
60
9

4.

A Review of Measurements from Previous Aggregate Dredging
Monitoring Studies

4.1

Introduction
This section briefly describes available field measurement (monitoring) results relating to fine
sediment plumes and changes in seabed substrate arising from previous aggregate dredging
studies. The case studies included in this review are solely from UK aggregate sites, in which
the information will be beneficial for comparative and validation purposes with the plume
modelling results ascertained as part of this study.

4.2

Fine Sediment Plumes

4.2.1

Eastern English Channel
In 2008 the East Channel Association (ECA) commissioned HR Wallingford to monitor
aggregate dredging activities in the Eastern English Channel, the purpose of which was to
monitor the overspill/screening discharge during typical dredging activities and the resulting
formation and dispersion of sediment plumes. A full report of the plume monitoring methods
and results is presented in HR Wallingford, 2011a.
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Three discrete dredging events were monitored in Area 473 East during September 2008: an
all-in cargo on 18 September 2008, a combined screened and reverse screened cargo on
20 September 2008 and a screened cargo on 22 September 2008. The all-in and screened
cargos were representative of normal dredging activities undertaken in the Eastern English
Channel, whilst the combined screened and reverse screened cargo was monitored to
characterise the sediment normally rejected through the screening towers during typical
dredging activities.
The plume monitoring work involved the measurement of the plume using a near-field survey
vessel which measured the shape and extent of the plume within 750m of the A-Class dredger
Arco Axe (Hanson Aggregates Marine Ltd, 2,400m3) using a side-facing swath bathymetry
system (multibeam sonar). A second survey vessel operated in the far-field at distances up to
3.5km from the point of the plume origin, tracking the plume for as long as it could be detected
above background concentrations using an acoustic Doppler current profiler and rapid drop
vertical profiler. Water samples were also acquired for the purposes of instrument calibration.
Monitoring of the overspill and screening discharges involved the deployment of an array of
sensors at the spillways of the Arco Axe, with measured spillway discharges of 422 tonnes
(7.6% of the cargo loaded) for the all-in cargo and 160 tonnes (2.9% of the cargo loaded) for
the screened cargo. The material lost through the spillways was primarily sand (92% and 89%
for the all-in and screened load respectively) with silt making up the remainder of the rejected
material. Screening losses were calculated based on information available from sensors and
measurements taken during loading of all-in cargos, with values of 2,063 tonnes and 2,074
tonnes calculated through two independent methods (approximately 37% of the cargo loaded).
All-in cargo monitoring in the near-field identified that the base of the sediment plume appeared
to reach the seabed within 185m of the point of release (i.e. the point in which the material was
first released into the water column). The plume varied in width from 47m at the narrowest
measured point (approximately 37m from the point of release), to 350m (approximately 530m
from the point of release). In the far-field, SSC within the plume decreased with increasing
distance from the point of release, with a sediment plume detectable above background
concentrations for up to approximately 3.05km. The maximum SSC measured during far-field
monitoring was 500mg/l, measured on two locations at circa 550m and 780m from the point of
release. Peak SSC were most commonly measured close to the seabed.
Near-field monitoring of the screened cargo ascertained that the maximum distance that the
sediment plume was detectable using multibeam sonar was 680m from the point of release; at
this distance the sediment plume was always in the lower water column (i.e. deeper than 30m)
and frequently close to the seabed or at the seabed (the water depth at the site was
approximately 45m). The width of the plume was generally less than that of the all-in load, with
a minimum width of 35m (approximately 69m from the point of release), and a maximum width
of never more than 120m. Far-field monitoring measured the sediment plume for a maximum
distance of approximately 2.4km, where once again SSC decreased with distance from the
point of release. Maximum concentrations measured during the monitoring were 400mg/l,
detected circa 80m from the point of release, with peak concentrations also most commonly
measured close to the seabed.
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4.2.2

Owers Bank
In 1995 a field measurement campaign was carried out within the Owers Bank Region of the
English Channel using Acoustic Doppler Current Profiler (ADCP) and water sampling
techniques. The aim was to understand and quantify the increase in SSC due to resuspension
by aggregate dredging operations and thus track the resulting sediment plume.
Measurements obtained during the campaign included approximately 150 ADCP transects and
150 water samples during a period of neap tides in August 1995. SSC were measured within
the outflow plume from three trailing suction hopper dredgers (TSHD) which were operating
within the existing licensed site on Owers Bank. The dredgers monitored were the Arco Severn
(ARC, now Hanson Aggregates Marine Ltd, 1300m3) which was undertaking an all-in cargo, the
City of Rochester (United Marine Dredging Ltd now Tarmac Marine Dredging, 1300m3) which
was screening for gravel, and the Geopotes XIV (Ham Dredging, now Van Oord, under contract
to South Coast Shipping, now CEMEX UK Marine Ltd, 7500m3). The Geopotes XIV has a
centrally mounted spillway, and no facility to screen material (HR Wallingford, 2010).
The SSC measurements demonstrated that for the Arco Severn and the City of Rochester the
plume decayed to background levels of less than 10mg/l within 300-500m of the dredger, with
the same results also indicating that the concentration increases caused by the plume had
reduced to 50mg/l within 130m, and to below 20mg/l within 200m, of the City of Rochester
(HR Wallingford, 2010). However, HR Wallingford (1999) highlights that it was possible to track
a plume for up to 3.5km from the dredging area, although changes in concentrations were very
low (i.e. below 10mg/l). For the Geopotes XIV the plume travelled much further because of the
higher concentration of sediment present in the overflow from the dredger, in particular,
concentrations of silt close to the dredger were an order of magnitude higher for this dredger
than the Arco Severn and the City of Rochester. The excursion of the Geopotes XIV plume
was greater than 1km, although the exact value was not recorded.

4.2.3

North Nab
During 1999 and 2000, six separate campaigns of data collection investigating both the near
and far-field effects of aggregate dredging activities was undertaken at North Nab (Licence
Area 122/3), an area east of the Isle of Wight. The sediment plume generated by a small
TSHD, the City of Chichester (United Marine Dredging Ltd, 1418m3), was monitored by ADCP
transects across the plume during the loading of an all-in cargo and through water sampling
taken at varying points along each transect and at different depths to give the sediment mass
per litre of seawater (i.e. the SSC). In addition, the survey vessel conducted vertical and
transverse profiling away from the dredger using a surface buoy (with a mid-water drogue) for
positioning. This technique gives a time-based status of the plume but also removes some of
the variability of the loading process and the ‘pulsing’ of overboard spilling of sediments from
the dredge vessel.
Hitchcock and Bell (2004) report that transects and samples obtained through the campaigns
give a good indication of the near-field dynamic plume. Close to the dredger, a plume falls
immediately below the vessel, spreading laterally downstream of the operation. Suspended
sediment samples obtained by subsurface pumps immediately astern of the dredger are
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presented in Table 5 along with corresponding depths and distances downstream of the
dredger. Maximum measured SSC values reached approximately 5,500 mg/l, compared to
background levels of 5-10mg/l in settled conditions. Data collection at the far-field extremes of
the survey, necessary to prove return distances to background levels, was curtailed by the
presence of numerous small vessels at anchor. As such, the extent of the plume was only
measured for 820m although it would have extended further than this.
Whilst these levels of SSC were measured through the water column, they would appear to be
an order of magnitude higher than would appear to be the case from the other monitoring
studies for aggregate extraction. No in-depth information is given on the material discharged,
however, the results would not be so unusual if the material being discharged was
predominantly fine silt rather than sand as in the other monitoring studies.
Table 5.

Total SSC in Waters Downstream of Aggregate Dredging at North Nab

Sample Number
Nab 18
Nab 23
Nab 14
Nab 24
Nab 31
Nab 19
Nab 15
Nab 32
Nab 20
Nab 25
Nab 16
Nab 21
Nab 26
Nab 33
Nab 22
Nab 17
Nab 34
Nab 27
Nab 28
Nab 29
Nab 30

4.2.4

Distance Downstream
(m)
65
66
84
98
109
133
152
183
192
195
210
258
262
272
331
337
350
474
612
674
776

Water Depth
(m)
2
5
18
2
2
5
15
5
10
10
10
15
18
10
18
2
15
5
10
15
2

Suspended Solids
(mg/l)
1,030
5,518
1,260
1,615
696
1,312
728
928
1,408
1,994
948
1,702
3,301
411
442
2,820
622
696
3,092
712
615

Hastings Shingle Bank
Since aggregate dredging was initiated at the Hastings Shingle Bank Licence Area in 1988, a
variety of studies have been undertaken to investigate different aspects of the potential effects
of dredging. On the 7 October and 18 November 1999 Centre for Environment, Fisheries and
Aquaculture Science (Cefas) undertook measurements of SSC in plumes generated by
aggregate dredging by towing an ESM2 behind a research vessel, and transecting the plume at
various distances from the dredgers at depths between 5m and 10m below the water surface.
The dredgers monitored were the Arco Adur (Hanson Aggregates Marine Ltd, 2,750m3) and the
Sand Falcon (CEMEX UK Marine Ltd, where the capacity in 1999 was 4,000m3 although this
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has since been increased to 5,000m3) on the 7 October and 18 November 1999 respectively.
On both occasions, the cargo was an ‘all-in’ load, with no screening (HR Wallingford, 2010).
Measurements of the Arco Adur plume were interpreted by HR Wallingford (2009), with results
indicating that the plume was diluted to background levels over a distance of around 1.5km
from the dredger and around 600m from the point of release. The same measurements also
indicated that increases in SSC caused by the plume had reduced to below 50mg/l within 200m
of the dredger (about 80m from the point of release), and to below 20mg/l at a distance of
300m from the Arco Adur (approximately 100m from the point of release). HR Wallingford
(2009) did not consider the plumes from the Sand Falcon; however, measurements presented
by Cefas (2001) suggest that the distance over which the Sand Falcon plume diluted to
background conditions was greater.
4.2.5

Race Bank
Race Bank was the focus for a series of studies during the period 1994-1997 to assess the
potential impact of dredging plumes generated by aggregate dredging in Area 107 on an overwintering ground for berried hen crabs, situated approximately 6.5km away. A series of ADCP
transects across the wake of a dredger were undertaken at increasing range in May-June of
1995, in which it was found that the sediment plume diluted to background SSC at distances of
more than 1.2km and 2.5km during neap and spring tidal conditions respectively
(HR Wallingford, 2010).

4.2.6

Summary
A summary of the measured fine sediment plumes as detailed in the above cases are found in
Table 6, in which it can be seen that a sediment plume may be monitored for several kilometres
from a dredger, but in general SSCs will be considerably less than 10mg/l. The longest
distance reported for a sediment plume to reach background conditions is 3.1km, which is for
an all-in load in relatively deep water (45m) where the peak current speeds are up to 2.0m/s. It
is not clear from the reports, however, whether this represents a depth-averaged value or a
maxima, which in the far-field would be near the bed. A comparison of the cases indicate that
the water depth, current speed, overflow discharge and type of discharge are the main factors
in the variation in the distances over which plumes have been found to disperse. Wave
disturbance will also be a factor that is likely to hinder settling and provide greater longitudinal
and lateral dispersion. Additionally, a comparison between all-in and screened loads for the
same dredger and site (Arco Axe, Eastern English Channel) would indicate that all-in loads
have a potential for larger plume excursions (3.1km compared to 2.4km). Although a higher
concentration of sediment is released to the water column through screening, the density effect
(negative buoyancy) generated by the greater volume of suspended solids pulls the plume
down, thus causing it to settle more rapidly. This is further corroborated at the Owers Bank
site, where the plume resulting from the screened load extends for a much shorter distance
than those from the all-in loads, although it must be noted that the same dredger was not used.
These monitored results also support the theoretical understanding of plume behaviour briefly
discussed in Section 2. The theory of plume dispersal also indicates that away from the
immediate location of overflow or screening, higher SSCs tend to occur near the bed. This is a
conclusion that is reported in most monitoring studies.
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A comparison of the measured sediment plumes, and those predicted in the available dredging
application licence studies in Section 3.3, would suggest that sediment plumes created through
aggregate dredging generally disperse much more rapidly to the bed than predicted. This
therefore indicates that most methods used for prediction in past studies over-estimate the
plume extents and therefore provide a conservative assessment overall. A comparison
between the greatest measured (monitored) plume extent (3.1km, Table 6) and the smallest
predicted extent (9km, Table 4), although for different areas, would indicate that the most
simplistic predictions are over estimating the extent of effect (i.e. the distance/time) by up to
three times (or even more in some cases) that is required for SSCs within the plume to reach
background (natural) variability. This conclusion, however, also has a degree of uncertainty
since it is not always clear in the studies whether the plume is considered as a depth-averaged
concentration, near bed concentration or indeed for any other level. This is common to both
the predictions and monitoring. Also, different thresholds are used to define the plume extents
in different studies and at different locations.
Table 6.

Summary of Measured Plume Data in the Literature
Screening/
All-in Load

Dredger
Pumping Rate
(m3/s)

Water
Depth
(m)

Current
Speed
(m/s)

Plume
Excursion#
(km)

All-in Load

2.0

45

<2.0

3.1

2.0

45

<2.0

2.4

1.25

18

0.25

0.3

All-in Load

1.25

18

0.25

0.55

All-in Load

(unknown)

18

0.25

>1.0~

All-in Load

(unknown)

18-25

0.8-1.1

>0.8*

Hastings Shingle Bank

All-in Load

1.7

25-30

0.5

1.5

Race Bank (Area 107)

(unknown)

2.0

15-20

<1.0

2.5

Site
Eastern English Channel
Arco Axe
Eastern English Channel
Arco Axe
Owers Bank
City of Rochester
Owers Bank
Arco Severn
Owers Bank
Geopotes XIV
North Nab (Area 122/3)
City of Chichester

~
*
#

4.3

Screening
(for gravel)
Screening
(for gravel)

The exact value of the plume was not recorded, but it was greater than 1.0km.
The total plume excursion was not measured due to obstructions; however the excursion was greater than 0.8km.
The excursions were not necessarily measured to the same SSC threshold.

Changes in Seabed Substrate
The following sub-sections review the results of monitoring studies of the effects of aggregate
dredging on the substrate of dredge areas. Only the Area 106 monitoring lies within the
Humber MAREA, but the review of other areas gives an overview of the scale of seabed effects
from aggregate extractions in general.
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4.3.1

Area 106
Area 106 is located off the coastline of Lincolnshire (see Figure 1) in water depths of 16-20m,
and has been dredged regularly throughout the year since 1982. Peak current speeds across
the licence area are in the region of 0.6-0.7m/s, with seabed transport reported to be weak (HR
Wallingford, 2010). The aggregate within the licence area is typically of a high gravel content,
at around 40:60 (gravel:sand). Area 106 has been systemically dredged in lanes within the
active dredge zone (ADZ) since the introduction of lane and ADZ dredging procedures.
Between May 2002 and May 2003 some 1,618,400 tonnes of sediment was pumped by
dredgers, of which 462,400 tonnes (28.6%) was rejected and returned to the seabed; the total
cargo load was therefore estimated as 1,156,000 tonnes (Andrews, 2004).
A combination of studies undertaken during the winter of 2003/2004 investigated the effects of
aggregate dredging at Area 106 on the sediment and benthos of the seabed. Andrews (2004)
concluded that the impact (‘footprint’) of dredging on the sediment composition was
symmetrical and extended for less than 450m to the north of the dredge area, whilst Newell et
al (2004) determined that the ‘footprint’ extended up to 250m to the north and south of the zone
of ‘High Intensity’ plume deposition.

4.3.2

Area 408
Located approximately 100km east of the Humber Estuary (see Figure 1), Area 408 has
provided aggregate resources since 1996. The seabed composition of this Licence Area
comprises mainly mixed sand and gravels, with the level of screening required proportionate to
the varying gravel content across the site. In 2000 the amount of cargo loaded at Area 408
was 290,000 tonnes (1999: 250,000 tonnes; 1998: 950,000 tonnes), of which 250,000 tonnes
of material (46%) was estimated to have been rejected through the screening process (1999:
205,000 tonnes; 1998: 510,000 tonnes) (Robinson et al, 2005).
A survey of benthic biological resources was undertaken in the vicinity of Area 408 in July and
August 2000. A study by Evans (2002) suggests that dredging and screening within Area 408
is associated with the deposition of an ‘overburden’ of well-sorted fine sand that extends for up
to 3km to the south-east of the dredge site. Newell et al (2002) summarises that the zone of
impact on benthic biomass extends for as much as 2-4km to the southeast of the dredged area,
and up to 500m to the northwest. The net south-east dispersion of sediment from the dredge
site conforms well to tide and bedform evidence in the survey area.

4.3.3

Area 430
Area 430 is situated approximately 20km southeast of Southwold (Suffolk) in relatively deep
water of 28-34m. Since 1997, around 2 million m3 of aggregate has been extracted (landed)
from the site by vessels from Cemex UK Marine Ltd and Tarmac Marine Dredging Ltd. From
May 2002 until May 2003 these two companies pumped approximately 1,154,000 tonnes of
gravelly sand, of which circa 666,000 tonnes (57.7%) was returned to the seabed through
overspill and screening (Andrews, 2004).
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A combination of studies (Newell et al, 2004; Andrews, 2004) undertaken in the winter of
2003/2004 investigated the effects of dredging at Area 430 on the sediment and benthos of the
seabed. The investigations found that the sediment ‘footprint’ was traceable for up to 4.0km
northwards of the dredging area, in the direction of net sediment transport, with a detectable
effect on benthos extending for 1.75km and noticeable change in a southwards direction was
contained within the Licence Area.
4.3.4

Area 222
Located approximately 32km east of Felixstowe, Area 222 is situated in water depths of 2735m with maximum peak spring tidal current speeds in the region of 1.5m/s with a northnortheast near bed residual tidal direction. Area 222 was first licensed for sand and gravel
extraction in 1971, with extraction rates reaching a peak value of 872,662 tonnes in 1974.
Between 1971 and 1995, extraction rates exceeded 100,000 tonnes per annum. However, the
site was last dredged in 1996 when 12,000 tonnes was removed.
In June 2000 samples were collected for analysis of the macrobenthic fauna and sediment
particle size, with a side-scan sonar survey providing an indication of the spatial distribution of
sediments in the wider area encompassing the dredged site and to estimate the likely spatial
extent of both direct and indirect effects of dredging. Findings from the side scan survey
suggested that the seabed outside of Area 222 had been dredged (without a licence) some
time prior to the introduction of an automatic system for monitoring the location of dredging
activity in 1993; this area of dredging extends to approximately 1km away from the northern
limit of the Licence Area. Sediment transport features associated with this unlicensed dredging
appears to extend up to 2.5km away from the northern limit of Area 222, and based upon
previous studies, it can be concluded that the identifiable zone where the sediment substrate
can be seen to be affected by dredging practices is in the range of 1.5-2.5km from the point of
dredging (HR Wallingford, 2010).

4.3.5

Area 473 East
Area 473 East lies in the East English Channel, approximately 30km south of Eastbourne. The
water depths in this area are around 45m on average, although they can vary from 30-60m.
Between 2005 and 2010, a large physical monitoring study including swath bathymetry, sidescan sonar, sediment sampling, seabed imagery and a tracer study was undertaken at the
Licence Area to determine changes in the physical character of the seabed resulting from
natural and aggregate dredging processes. For the period of monitoring it was assumed that
25% of loads from Area 473 East were screened, whilst the remaining 75% were all-in loads.
During loading of an all-in cargo of approximately 5,500 tonnes, 422 tonnes of sediment was
rejected via spillways. The composition of this rejected sediment was measured as 92% sand
and 8% silt/clay. During loading of the screened cargo, which was also around 5,500 tonnes,
160 tonnes of sediment was rejected via spillways. This material was measured to be
composed of 89% sand and 11% silt. In addition, approximately 2,070 tonnes of sediment was
rejected through the screening process (EMU, 2011).

R/3965/3

15

R.1841

Humber MAREA - Physical Processes Study:
Assessment of Sediment Plumes

Bathymetric and side-scan sonar data from the monitoring show that there has been no
development of significant bedforms over the survey period, although a change in seabed
sediment characteristics in the vicinity of the Licence Area seems to have taken place between
2005 and September 2008. The main changes detected were the development of sand streak
features to the east-northeast of the active dredge area and an increase in the number of sites
where sand patches and ripples sand existed on the seabed (EMU, 2011). This represents the
rapid return of sand from the screening and overflow processes to the seabed, where a
continual fining of the surface substrate occurs.
A tracer study was also undertaken comprising a seabed injection of 2,500kg of fluorescent
tracer consisting of four differently coloured grain size fractions deposited in a water depth of
approximately 50m. Following injection, three separate searches were conducted to determine
the dispersion of the tracer within the subsequent month. Results from the tracer study indicate
that different particle sizes were transported at different velocities with the maximum distance
travelled by the finest fraction (150-300µm) approximately 15 times further than the largest
fraction (1200-2400µm), i.e. the finest fraction travelling up to 1.5km, whilst the larger fractions
were observed infrequently beyond 100m from the injection site (EMU, 2009).
4.3.6

Areas 122/3 and 351
Areas 122/3 and 351 are located to the east of Bembridge, Isle of Wight, in water depths of 1825m. Peak current speeds across these Licence Areas are around 0.8-1.1m/s aligned in an
approximately east-northeast to west-southwest (ENE-WSW) direction.
Area 351 has been dredged exclusively by TSHD, whilst Area 122/3 has been dredged almost
entirely by static suction hopper dredgers, although a limited amount of dredging has taken
place by TSHD since 1998. Screening does not take place within either Licence Area. The
rates of material extraction are substantially higher at Area 351 than Area 122/3, with
approximately 500,000 tonnes of sand and gravel being removed from the site in 1999, whilst
extraction rates at Area 122/3 are typically no greater than 150,000 tonnes per annum.
During March 1999, some 131 samples were taken in the vicinity of Area 122/3 for analysis of
the benthic macrofauna, with additional samples taken during September 1999. In addition to
these samples, high resolution side-scan sonar and bathymetry was also acquired, along with
seabed sediment samples taken along transects extending up to 5km (Area 122/3) and up to
2km (Area 351) from the areas of most intensive dredging. The data collected found seabed
sediment changes for 1-2km from the dredging location, aligned with the predominant tidal axis
(HR Wallingford, 2010).

4.3.7

Summary
Table 7 summarises the results of monitoring and assessment from individual aggregate
licence areas on the extent of effects on the bed substrate away from the location of dredging.
The results indicate that the extent of effect on the seabed is most likely controlled more by the
local flow speeds rather than the depth or amount of sediment rejected, with distances in the
order of 2-4km from the predominant source location. The monitoring studies have generally
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only identified an observed change in character of the bed surface, they have not evaluated the
significance or indeed the thickness of the changes identified. This summary information of the
existing substrate change along with the SSC measurements and extents have been used to
help validate the numerical modelling of the aggregate plumes within the Humber MAREA and
determine the correct average order of input of sediment to the water column in the plume
simulations.
Table 7.

Site
Area 106
Area 408
Area 430
Area 222

Summary of Extent of Bed Substrate Effects From Literature

Screening/
All-in Load

Screening
Screening
Screening
(unknown)
Screening (25%)
Area 473 East
All-in Load (75%)
Area 122/3 &
All-in Load
Area 351
*

5.

Approximate
Approximate
Annual Amount
Amount of
of Material
Aggregate
Rejected
Brought Ashore
(Tonnes)
(Tonnes)*
1,156,000
460,000
1,290,000
250,000
1,154,000
666,000
(unknown)
(unknown)

Water
Depth
(m)

Current
Speed
(m/s)

Maximum
‘Footprint’
(km)

16-20
20-30
28-34
27-35

0.6-0.7
<1.0
<1.5
~1.5

<0.45
4.0
4.0
2.5

721,000

114,000

45

<2.0

1.5

150,000 and
500,000

(unknown)

18-25

0.8-1.1

2.0

Based upon a particular year of monitoring.

Suspended Sediment Concentrations within the Humber MAREA
Area
Naturally occurring (baseline) SSC must be established so that any changes that may occur as
a result of aggregate dredging in the Humber MAREA study area can be assessed and placed
in the correct context. In the North Sea, the combination of topographic, hydrographic and
meteorological conditions, along with abundant sediment sources makes suspended particulate
matter (SPM) an integral and important part of the marine ecosystem; its distribution in the
water column influences plankton primary production by regulating the light penetration depth
in seawater.
In the study area, information on SSC is available from several sources:





The LOIS project (LOIS, 1998);
Southern North Sea Sediment Transport Study (HR Wallingford, 2002);
Satellite Imagery (e.g. Natural variability of Turbidity in the Regional Environmental
Assessment Areas - Dolphin et al., 2011); and
Cefas Data Archives.

Continuous turbidity measurements were collected from the southern North Sea as part of the
Land-Ocean Interaction Study project (LOIS, 1998). This dataset is summarised in Table 8,
and the locations of the samples are shown in Figure 1. Sample location HW3 is situated
approximately 6km offshore from the lower Holderness coastline, whilst location HW8 is
R/3965/3
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located in much deeper water, approximately 8km north east of Inner Silver Pit. Sample
locations HW9 and HW12 are in close proximity to licence areas 197 and 107 to the south of
the Humber Estuary, whilst HW15 is approximately 52km offshore of Mablethorpe on the
Lincolnshire coastline. The data presented in Table 8 shows that SSC are generally greater in
the coastal zone to the south of the Humber Estuary, with mean turbidity readings reaching
nearly 50mg/l. This is due to the prevalence of suspended sediment in the coastal zone (from
eroding cliffs and estuarine sources) and the interaction of waves and tides in shallower water,
which leads to increased suspended sediment transport. Further offshore, there is a clear
reduction in SSC with mean measurements below 10mg/l. In addition, for all sites, the highest
recorded turbidity levels occur during winter or very early spring, which is due to increased wind
and wave energy during the winter and increased freshwater runoff from the Humber.
Table 8.
Sample
Location
HW 3
HW 8
HW 9
HW 12
HW 15

Summary of the Continuous Turbidity Measurements Collected During
the LOIS Project
Deployment Dates
(Non-Continuous)
12/11/1993 - 03/07/1995
13/11/1993 - 03/07/1995
13/11/1993 - 01/07/1995
21/11/1993 - 10/07/1995
15/11/1993 - 02/07/1995

Max Turbidity
(mg/l)
39
27
152
174
29

Mean Turbidity
(mg/l)
8
5
46
27
6

Min Turbidity
(mg/l)
2
1
17
5
2
(Source: LOIS, 1998)

Surface water SSC for the study area have also been published in the Southern North Sea
Sediment Transport Study ((SNSSTS) HR Wallingford, 2002) and are derived from the Cefas
data archives. Details are shown for both summer and winter periods and are summarised in
Table 9 as four indicative dredge cluster areas, which are shown on the modelling diagrams
(for example, Figure 2). It should be noted that these values are seasonal means and are
presented on a regional scale which incorporates an area from Flamborough Head to the
Thames.
Table 9.

Summary of the Calm Mean Summer and Winter Surface SSC from the
SNSSTS (2002)

Cluster

Inclusive Aggregate Dredge Areas

A
B
C
D

102, 105, 448, 449
106/1, 106/2, 106/3, 197, 400, 439, 480, 493
107, 481/1, 481/2
440, 441/1, 441/2, 441/3

Summer Mean
Winter Mean
Turbidity (mg/l)
Turbidity (mg/l)
4-32
8-64
8-64
16-128
8-64
16-64
1-16
2-16
(Source: HR Wallingford, 2002)

As also seen with the LOIS project data, SSC are found to increase with greater proximity to
the coast (for both summer and winter), with peak mean turbidity measurements south of the
Humber Estuary along the Lincolnshire coastline near Mablethorpe. The SNSSTS indicates
that within the study area, SSC are typically highest in proximity to Cluster B and lowest in the
much further offshore Cluster D.
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Dolphin et al. (2011) improves on the winter and summer SSC climatologies produced in the
SNSSTS (HR Wallingford, 2002) by extending the temporal resolution from seasonal to
monthly near surface SSC maps. The study also increases the spatial extents to comprise the
wider Marine Aggregate Regional Environmental Assessment (MAREA) domains, which
includes the Humber study area. Results from the study indicate that the Humber produces a
large plume that extends south as far as the Wash and the North Norfolk coast. This plume is
confined to the coast (within 20km of shore), and its extent is significantly reduced during the
summer months to the area immediately adjacent to the mouth of the Humber. In winter
months the mean SSC can exceed 40mg/l, whilst offshore concentrations fall to 4-5mg/l.
Whilst in summer months, the smaller extent means that most of the Humber MAREA area has
a SSC of less than 7mg/l. More frequent storm events over the winter period is the main
contributing factor behind these observed increases in SSC compared to that of the summer,
however, winter SSC values are likely to be highly variable. Details of the near surface winter
and summer SSC extracted for the clusters of licence and proposed licence areas from Dolphin
et al. (2011) are summarised in Table 10.
Table 10.

Summary of the Calm Mean Summer and Winter Surface SSC for the
Humber MAREA Study Area (2011)

Cluster

Inclusive Aggregate Dredge Areas

A
B
C
D

102, 105, 448, 449
106/1, 106/2, 106/3, 197, 400, 439, 480, 493
107, 481/1, 481/2
440, 441/1, 441/2, 441/3

Summer Mean
Winter Mean
Turbidity (mg/l)
Turbidity (mg/l)
0.1-7
4-11
3-10
11-50
1-6
11-30
0.1-2
4-8
(Source: Dolphin et al., 2011)

In summary, the pattern of SSC distribution detailed in the aforementioned studies are fairly
similar across the Humber MAREA study area; with increased SSC in the coastal zone,
particularly south of the Humber and a decrease in SSC with distance offshore. However, the
more recent Dolphin et al. (2011) study generally provides lower mean SSC values than those
seen in the earlier SNSSTS, especially within the coastal zone. This is almost entirely due to
these being representative of the near surface whereas the SNSSTS data represents a greater
part of the water column. It must also be noted, that specific/individual project surveys may
return values that differ from those reported in the studies depending on the time of survey,
both in respect of season, tidal stage and preceding meteorological conditions. For example, in
addition to the transportation of large volumes of bed-load, storm surges and high wave
conditions can cause a considerable increase in SSC and transport rates for short periods of
time on the same order of timescale as an aggregate dredge induced plume. Due to the
variability in SSC that exists between the dredge cluster areas, it is difficult to summarise the
mean background SSC value for the study area as a whole. However, assuming that the
values provided in LOIS project and the SNSSTS are likely to be most accurate (as they are
not restricted to the surface waters only), an assessment has been made of the ‘normal’
background SSC within the clusters during summer and winter with the approximate likely
effect of storm weather conditions. ‘Normal’ has been used to denote the conditions most likely
to occur during aggregate dredging.
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For licence area Clusters A and D the ‘normal’ background SSC through the water column is
likely to be 5-10 mg/l in the summer increasing to 10-20 mg/l in the winter. Under storm
conditions the measured data suggests SSC are likely to increase to around 50mg/l, for both
summer and winter conditions. As mentioned previously, background SSC for the respective
licence areas tend to reduce with distance offshore from the mouth of the Humber Estuary.
For Clusters B and C, closer inshore to the Lincolnshire Coast, the monitoring indicates that
SSC will be higher. ‘Normal’ summer concentrations would be expected to be in the range of
15-25mg/l, increasing to 50-100mg/l during winter (in which SSC will be more variable).
Furthermore, storm activity can increase the background SSC in these areas to be in excess of
150mg/l during and immediately after the event.

6.

Defining Model Input Parameters

6.1

Introduction
The theoretical understanding of plume development from aggregate dredging as well as the
results from the monitoring studies all indicate that the dredge plume extent, the SSC
distribution within it and the ‘footprint’ of effect on the seabed substrate are a function of a
combination of the:


Receiving environment characteristics, e.g. water depth, tidal conditions, flow speeds
and wave heights;



Characteristics of the sediments being dredged relative to the required aggregate
specification; and



Characteristics of the dredger and the way it is operated in a specific area, e.g.
whether dredging an all-in load or screening, size of dredger and its pumping capacity
along with the trail speed. All of these together give rise to the rate of release of
sediment and its composition to form the input characteristics for plume generation.

In any modelling study, it is the parameters of the second and third bullets that ultimately
control the plume generation and dispersion, with the hydrodynamic processes being provided
by the numerical model at the point when the release of sediment is simulated.
The following sub-sections determine the method employed to derive a set of parameters that
will give rise to a worst case extent of effect of possible aggregate dredge plumes for the
purpose of the Humber MAREA assessment.

6.2

Description of the Dredger Used within the Humber MAREA Study
The dredger used for the basis of this study is the Arco Dijk (Image 1), an H-Class trailing
suction hopper dredger (TSHD) owned by Hanson Aggregates Marine Ltd. The Arco Dijk
represents one of the largest dredgers in the UK aggregate fleet, with a capacity of
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approximately 4,800m3 (see Table 11), and has been the standard size used for establishing
representative ‘footprints’ for MAREA studies in other regions (i.e. Anglian, Thames and South
Coast Regions). The use of this dredger specification therefore provides for a worst case
scenario for the MAREA study.

(Image taken from: http://www.dredgepoint.org)

Image 1.

A photograph of the Arco Dijk TSHD

Table 11.

Properties of the Arco Dijk (H-Class) TSHD

Owner
Length (m)
Beam (m)
Maximum draught (m)
Minimum draft (m)
Discharge system
Discharge speed (tonnes/hr)
Approx cargo tonnes (as dredged ballast)
Approx cargo tonnes (sand)
Cargo hold volume (m3)
Max dredging depth (m)
Dredge pipe diameter (mm)
Dredge pump capacity (tonnes/hr)
Type of screening
Loading capability

R/3965/3

Hanson Aggregates Marine Ltd.
113.2
20.1
7.7
4.5
Bucket wheel & conveyor
2,000
8,200
7,700
4,794
52.5
700 (1 pipe)
2,943
Tower/wire mesh
All-in/screened BAD/screened sand
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6.3

Input Parameters

6.3.1

Overflow Discharge Release Rates (Losses)
One set of parameters that control the intensity (i.e. SSC distribution and degree of
sedimentation) is the sediment release rate from overflow and/or screening. This, however, is
highly variable, being governed by the type, size and pumping power of the dredger and the
characteristics of the material on the bed. Measurements of the sand/silt released in the
overflows have been made in the past for typical vessels, but how these sediments dissipate in
the dynamic plume is difficult to measure. Most monitoring, by necessity, occurs down drift of
the release, predominantly measuring within the passive plume phase, although some
measurements at times will have picked up some of the outer edges of the dynamic descent,
thus giving rise to higher values.
Measurements analysed by Kirby and Land (1991) indicate that a TSHD with limited overflow
will typically release around 15kg/m3 of dry sediment for every cubic metre of material dredged.
For a large aggregate dredger, such as the Arco Dijk (see Table 11), the average mass of
sediment re-suspended into the water column using this value is calculated to be in the order of
10kg/s. These data were most likely to be predominantly measured from within the passive
phase of the dredge plume, and mainly attributed to fine sediments. When dredging coarser
material (sand and gravel), pump rates need to be higher to transport the sediment, thus
increasing the amount of transport water that would need to be overflowed. It is therefore quite
likely that sediment concentrations released to the water column would be higher than when
dredging fine sediments with limited overflow, therefore a realistic sediment release rate would
be higher than indicated by the ‘S-factor’ method. CIRIA (2000) summarises UK spillway
measurement losses for all-in loads as 27kg/s (see Table 12), with specific measurements for a
TSHD working at Hastings and Great Yarmouth having sediment loss rates of 14kg/s and
20kg/s respectively. It is not known whether these relate to measurements before the dynamic
phase or during the passive phase.
Table 12.

Summary of UK Spillway Measurement Losses

Material Size (mm)
<0.063
0.063-0.125
0.125-0.250
0.250-0.500
0.500-1.000
>1.000
*

Rate* of Input to the Water Column (kg/s)
All-in Loads
Screened Loads
14
20
2
10
5
40
5
136
1
118
0
135

Values based on CIRIA (2000).

In the case of trailing suction hopper dredging, sediment release rates can be measured near
the overflow spillways. Sediments released here reflect the start of the dynamic plume phase
and, therefore, such measurements do not take account of the rapid settling of sediment that
occurs immediately after release during the dynamic plume phase. Thus measurements at this
location are likely to over represent the amount of sediment moving within the subsequent
passive phase of the plume. This is an important consideration when defining the correct
R/3965/3

22

R.1841

Humber MAREA - Physical Processes Study:
Assessment of Sediment Plumes

representative plume modelling parameters, particularly when many models do not ideally
represent the dynamic phase of the plume.
As the release rate is a necessary input to numerical models required for the prediction of
environmental impacts of all types of dredging activity, which can significantly impact on dredge
methodology, production and costs, the capital and maintenance dredging industry have
developed the Turbidity Assessment Software (TASS) (Aarninkhof et al., 2010), which was
designed by HR Wallingford in collaboration with Stichting Speurwerk Baggertechniek and is
presently being further developed. This software is designed to aid the selection of numerical
modelling parameters and directly estimate the loss rates (in the form of the magnitude and
particle size distribution of the sediment plume) to better inform production calculations and
dredging efficiency. In order to calculate these, the model requires information about the
density and discharge of the mixture entering the hopper (from the suction pipe), and the
particle size of the in-situ sediment (HR Wallingford, 2011b).
During a study undertaken by HR Wallingford (2011b) to assess the plume dispersion arising
from aggregate dredging by a large TSHD, a peak sediment discharge rate of 50kg/s was
predicted by the TASS software for a total sediment loss of about 5.5% from the overflows. If
this proportion of loss is considered consistent over a period of 4 hours to load the Arco Dijk
then the average sediment discharge (release) in the overflow would be 29.4kg/s, i.e. before
the dynamic phase of the plume. The bed sediment distribution, however, was significantly
finer than that likely to be dredged in parts of the Humber MAREA area, e.g. a median particle
size of 1mm compared to about 2.2mm for the material to be typically dredged from Area 106.
This would suggest that an average sediment discharge of around 30kg/s as an input modelling
parameter is likely to be at the high end of the range for the study area.
Similar TASS modelling was undertaken by Van Oord for the dredging of glacial gravel for a
range of particle size distributions, similar (but again generally finer) to those for dredge
aggregates for a proposed deepening of Southampton Water, albeit with a larger TSHD. This
information was used along with the literature review information to help determine a realistic
sediment discharge rate to be modelled. . The TSHD used was larger with a higher pumping
capacity compared to the Arco Dijk. Taking this into account, an average sediment discharge
rate of about 46kg/s was calculated. Also the dredger used had a single overflow, giving a high
momentum to the discharged material, compared to the lower momentum that would exist from
the many overflows on the Arco Dijk. As such, this average rate is considered to be high,
particularly as an input to the passive phase of the dredge plume. In addition, the overflow
sediment distribution indicated a significant proportion of material was in excess of 1mm in
diameter, which would settle quickly to the bed and would contribute little to the passive plume
phase, which is most likely to contribute to the monitoring measurements.
As noted above, CIRIA (2000) indicate measured loss rates of 14-20kg/s for aggregate
dredging around Great Yarmouth and Hastings. These vessels, however, would have been
smaller that the Arco Dijk with less pumping power (about half). As the pumping capacity
reflects the rate of possible overflow it is not unreasonable to consider that the overflow
discharge will be higher for the Arco Dijk (pumping the same material).
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Taking the information from the previous studies and monitoring into account along with the
TASS modelling, it is considered that an average rate of overflow modelling of 30kg/s over a 4
hour period would be a realistic worst case input parameter for the modelling of plumes for the
purpose of the Humber MAREA.
6.3.2

Particle Sizes and Water Column Distribution
To determine the size distribution of the sediment to be modelled, the overflow distributions
from the Southampton Water TASS analysis were used, concentrating on the distribution of
sediments below 500µm (microns) on the basis that coarser sediments in the overflow are
likely to settle quickly below the location of sediment release within the dynamic plume. Three
particle sizes and associated settling velocities were chosen to characterise the particle size
distribution for modelling purposes. These individual parameters, the proportion of the overflow
distribution they have been taken to represent and the proportion of the total overflow
discharge are shown in Table 13.
Table 13.

Dredging Discharges for Model Inputs

Particle Size
(µm)
40
100
350

Percentage of
Distribution (%)
20
20
60

Setting Velocity
(m/s)
0.0011
0.0066
0.0450

Source Flux
(kg/s)
6
6
18

This distribution represents about 20% silt (less than 63µm), about 20% fine sand (63-125µm)
and 60% fine/medium sand (above 125µm). Overall this is a marginally coarser distribution
than that indicated for the Arco Dijk in HR Wallingford (2011b), in their study of plume
dispersion arising from aggregate dredging by a large TSHD.

7.

Modelling of the Dredge Plume

7.1

Modelling Approach
As part of Humber MAREA, the potential effects from the proposed dredging activities over the
combined area of the existing and Application Licence Areas have been investigated in this
study. The MIKE21-Particle Analysis (PA) model developed by the Danish Hydraulic Institute,
Water & Environment (DHI) has been used to simulate the effects of the proposed dredging
activities. The plume spatial extent and changes in bed levels were assessed for a standard
dredge input parameter scenario in all areas as described in Section 6 for the hydrodynamic
conditions appertaining to the whole area with the bathymetry in the present condition.
The dredging plume studies were undertaken using a suite of three numerical models. The
MIKE21-PA model is capable of predicting the re-suspension and deposition of suspended
sediments released by the dredging operation. The MIKE21-PA model was driven by twodimensional hydrodynamic flows and the influence of wave radiation stress (when included)
from the calibrated MIKE21 Hydrodynamic (HD) and MIKE21 Spectral Waves (SW) models,
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which were developed for the hydrodynamic assessments. The technique typically uses the
output from hydrodynamic models coupled with the MIKE21-PA model to predict particle
movements, hence the generation and propagation of the sediment plumes. The flow regime is
‘seeded’ with particles having defined properties (e.g. size, density, settling velocity) and
tracked as they move with the flow. By examining the statistics of temporal plume patterns in
the model domain, it is possible to obtain the maximum extent of impact and the SSC at spatial
locations and changes to sedimentation on the bed. The locations and timing of sediment
release has been designed in order to determine the maximum extent of the likely effect of
dredging anywhere within the Humber MAREA area at all times, taking a conservative
approach, using simplified modelling scenarios.

7.2

Model Setup

7.2.1

Hydrodynamics and Wave Models
The MIKE21-PA model assumes current velocity, water depth and wave radiation stress can be
prescribed in time and space in a computational grid covering the model area. These model
inputs are provided by the hydrodynamic model and wave model (if wave radiation stresses are
considered).
In this study, the hydrodynamic module MIKE21 HD model simulates the water level variation
and two-dimensional flows in the area of interest. The MIKE21 SW wave model is a state-ofthe-art third generation spectral wind-wave model, which has been applied to simulate the
growth, decay and transformation of wind-generated waves and swell. The two models have
the same mesh design, unchanged from the mesh that is presented in the Physical Processes
Study and uses the present day bathymetry. The model mesh is bound on its western and
southern extents by the Lincolnshire and North Norfolk coasts respectively. The offshore limits
are approximately 01°45’E and 54°06’N. The resolution across the model domain is variable
and has been designed to provide a high resolution in the dredging and nearshore areas. In
the offshore area the resolution is around 5km while it increases to 200m within the dredging
areas.
Bathymetry data in the dredging areas were provided by the client. The rest of the bathymetry
data in the modelling domain was generated from an existing model in ABPmer. The compiled
dataset was incorporated into the model domain to a common reference level, Ordnance
Datum Newlyn (ODN). The present day bathymetry was used for dredging plume study.

7.2.2

MIKE21-Particle Analysis Model
The MIKE21-PA model simulates 3D dispersion and advection and has the same coverage as
the MIKE21 HD model with a rectangular grid resolution of 500m x 500m. In the model, a
dredge was modelled as a point source of particles representing the various particle settling
velocities in the defined particle size distribution. At a given location, sediment is released to
the water surface at a mass rate estimated to match the assumed loss rates for the dredger,
derived in Section 6 and summarised in Table 13. As such, Table 13 lists the dredging
discharges for model inputs.
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Outputs from the model allow the prediction of the maximum suspended sediment
concentrations (SSC) at any location during the model simulation for depth-averaged
conditions through the water column, and near the bed (i.e. within the bottom 1m).
Furthermore, time-series of SSC have also been extracted from the model to investigate
temporal change within the plumes.

7.3

Wave Sensitivity
Wave sensitivity was tested before the model scenario runs. Resulting wave radiation stresses
from the MIKE21 SW model for 10 in 1 year return period wave condition were input to the
hydrodynamic flow model (MIKE21 HD), which simulated the combined flow effects of tides and
waves. The particle-analysis model (MIKE21-PA) was then used to simulate dispersion in the
predicted flow fields above. The comparison suggests that the impact of waves on the
concentrations and plume extent is negligible. The maximum concentration under wave
conditions is only 0.7% higher that those without waves. Therefore, the action of waves on the
dispersion of the sediment plume will not be considered in this study. It is worth mentioning
here that sediment movement stirred by wave breaking and wave induced-currents has not
been included in the investigation due to the limitation of model function. The conclusion was
drawn here based on only the application of wave radiation stress.

7.4

Model Scenarios

7.4.1

Stationary Dredger

7.4.1.1 Initial plumes
For the dredging plume study, the dredging areas have been broken into four individual
Clusters: A, B, C and D (see Figure 2). It is impractical to explicitly simulate the full period of
dredging at every model grid cell due to uncertainties in the number of dredgers operating at a
given time as well as limitations on desktop computing resources. Therefore, the dredge
plumes were modelled at the discrete control locations at the corners of the combined extent of
the Licence Areas. The oceanographic conditions are fundamental to understanding the fate of
any plumes generated by the dredge operations. As the dredging plume is a function of the
tidal currents, sediment in the dredger overflows were released on both flood and ebb tides.
Dredging was continuously operated for 4 hours at fixed locations (i.e. a stationary dredger)
while materials were released 2 hours ahead of peak flood current or peak ebb current
respectively. The model was run for 5 hours in total to obtain the maximum plume extents
induced by both flood flow and ebb flow. The assessment of plume dispersal was given by
those times of highest concentration that are coincident with higher current speeds and thus a
greater potential for horizontal transport of sediment.
7.4.1.2 Longer-term extents
In addition, the worst case scenarios have also been considered whereby dredging operations
took place continuously. The model simulation period was 21 days in total to allow all sediment
in suspension to either fall to the sea floor or reach a concentration deemed indistinguishable
from background concentrations and then be further dispersed by the local hydrodynamics
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taking account of the complete range of tidal amplitudes. An assessment of the likely
background SSC concentrations and their variability is given at the end of Section 5.
It is recognised that any sediment settling to the bed from a plume has the potential to be resuspended and moved over a greater area than the initial plume and that this distribution is a
function of the different hydrodynamic conditions over a spring-neap tidal cycle. To give an
idea of this overall distribution, a location from each of the four clusters (where the previous
results indicated the maximum extent of effect was likely) was chosen to undertake a longerterm simulation. It was assumed that the dredging activities are carried out for 15 days in
which the duration of each release is 4 hours with 36 hour intervals to reflect the dredger cycle
time. The model was then run for a further 6 days (without further release) before the results
were extracted to give an indication of the plume decay. The results show the resulting
footprint of maximum concentrations combined for the three particle sizes modelled over the
complete simulation period.
The number of runs undertaken to establish the effects for a range of possible scenarios (i.e.
initial plumes and longer term extents) is summarised in Table 14.
Table 14.

Summary of Model Runs

Cluster
A

Model Runs

Description
5 hour period; Release on flood or ebb tides
Particle sizes: 40µm, 100µm and 350µm
21 day period; Initial release on flood or ebb tides
Particle sizes: 40µm, 100µm and 350µm
5 hour period; Release on flood or ebb tides
Particle sizes: 40µm, 100µm and 350µm
21 day period; Initial release on flood or ebb tides
Particle sizes: 40µm, 100µm and 350µm
5 hour period; Release on flood or ebb tides
Particle sizes: 40µm, 100µm and 350µm
21 day period; Initial release on flood or ebb tides
Particle sizes: 40µm, 100µm and 350µm
5 hour period; Release on flood or ebb tides
Particle sizes: 40µm, 100µm and 350µm
21 day period; Initial release on flood or ebb tides
Particle sizes: 40µm, 100µm and 350µm

39
6

B

36
6

C

18
6

D

36
6

Total

7.4.2

153

Moving Dredger
In addition to defining the overall ‘footprint’ of effect, the client also asked for a specific
simulation of two trailer suction dredgers working in tandem. This modelling aims to assess the
interactive plume impact as a result of two moving dredging operations. It has been assumed
that the two dredgers operate in the same area 200m apart from each other. Figure 28 shows
the proposed dredging areas and locations. The dredgers travel back and forth (twice)
between S1A and S1B or S2A and S2B within a 2km range at a speed of 1knot (0.51m/s).
Dredging was continuously operated for 4 hours while sediments were released 2 hours ahead
of peak flood current or peak ebb current respectively. As the dredgers may initially release
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material at S1A or S1B in Area 102, and S2A or S2B in Area 448, their possible combinations
with tidal states were taken into account. The model was run for 5 hours in total to obtain the
maximum plume extents for both the flood and ebb phase of the tide.
A number of runs undertaken to establish the effects for a range of possible scenarios are
summarised in Table 15.
Table 15.

7.5

Summary of Model Runs

Area

Model Runs

102

4

448

4

Total

8

Description
Initial release of material at Site S1A on flood tide
Particle sizes: 40µm, 100µm and 350µm
Initial release of material at Site S1A on ebb tide
Particle sizes: 40µm, 100µm and 350µm
Initial release of material at Site S1B on flood tide
Particle sizes: 40µm, 100µm and 350µm
Initial release of material at Site S1B on ebb tide
Particle sizes: 40µm, 100µm and 350µm
Initial release of material at Site S2A on flood tide
Particle sizes: 40µm, 100µm and 350µm
Initial release of material at Site S2A on ebb tide
Particle sizes: 40µm, 100µm and 350µm
Initial release of material at Site S2B on flood tide
Particle sizes: 40µm, 100µm and 350µm
Initial release of material at Site S2B on ebb tide
Particle sizes: 40µm, 100µm and 350µm

Model Results
The plume modelling has been undertaken in a way to define the ‘footprint’ of effect for the
complete Humber MAREA area for the modelled case, in order that potential effects on
environmental receptors can be assessed. The modelling is considered conservative in this
respect as it assumes dredging will occur at the extremities of the Licence Areas, and at the
same time, giving rise to the maximum potential for interaction.
The modelling of the marine aggregate dredging also provides an understanding of suspended
sediment transport, its fate, deposition and re-erosion potential over the estimated duration of
each dredge and over a spring-neap cycle. Key results from the modelling are discussed
below and presented in a series of figures for each cluster.
Model results from the MIKE21 PA model were extracted over the whole model domain and at
observation locations to provide instantaneous suspended sediment concentration and
deposition thickness. Specifically, three types of output were obtained, 2D-maps containing the
instantaneous depth-averaged or near bed (1m) concentrations, 2D-maps containing
accumulated sedimentation and time-series of data at selected locations.
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A lower concentration value of 2mg/l has been used as a threshold concentration.
Concentrations below this threshold value are not considered to have a significant environment
effect as they will be within the natural variability of background conditions and at the limits of
accurate calibration of monitoring equipment. The footprint of effect at this threshold is
considered to be worst case. The recorded instantaneous concentrations that exceed the
threshold concentration are presented in the plots.
In addition, the individual plumes have been assessed to determine the ‘footprint’ of effect at
the levels of the 100mg/l, 20mg/l and 2mg/l SSC contours around each cluster as GIS layer
information for the maximum extents of change which occurred in the near bed results. The
overall combination of the clusters has also been derived. The SSC levels of 100mg/l and
20mg/l are shown as these thresholds are considered within the Humber MAREA to have
potential significance for certain biotopes.
7.5.1

Stationary Dredger

7.5.1.1 Initial plumes
The initial plume is defined here as that which is most likely to be observed usually from the
surface and monitored from instrumentation in the field. Maps in Figures 2 and 3 show the
maximum horizontal dispersion of sediment based on 5hrs model duration in which 4-hour
dredging operation takes place. The plots demonstrate the path of the dredge plume and its
extent. It can be seen that the plume was constrained to an extent by the major axis of tidal
current ellipse. Plumes are dominantly directed by flood and ebb currents along this axis from
each specific sediment release location. During the flood stage, the plume clouds travel
towards to the south, whilst the ebb tide advects the plume northwards.
The maximum extents of the plume were estimated by the outer edges of modelled plume in
each cluster. The statistics of plume extent defined by depth-averaged or near bed
concentrations are summarised in Table 16.
Table 16.
Cluster
A
B
C
D

Statistics of Plume Extent
Extent of Depth-Averaged Concentration (km)
Flood
Ebb
2mg/l
10mg/l
2mg/l
10mg/l
9.5
2.0
3.5
2.0
7.5
2.0
9.0
2.0
3.5
1.5
8.5
2.0
4.0
1.5
6.0
2.0

Extent of Near Bed Concentration (km)
Flood
Ebb
2mg/l
10mg/l
2mg/l
10mg/l
13.0
3.5
12.5
3.5
13.0
4.0
13.5
7.0
16.0
3.5
12.0
3.5
8.5
4.0
10.5
4.0

In the table of statistics for plume extent, the maximum distance from the various release points
beyond the extremities of each cluster in the flood and ebb direction is given to the 2mg/l and
10mg/l SSC thresholds for both the depth-averaged concentrations and the higher values
which were modelled near the bed (i.e. within the bottom 1m of the water column). The 2mg/l
threshold is considered to be the level at which an increase in SSC resulting from the dredging
would not be discernable from the natural background variation. The 10mg/l threshold,
however, covers much smaller distances and is considered more representative of the likely
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threshold that is likely to have been measured in the field and most quoted in the literature
presented in Section 4 i.e. it is difficult to detect levels below 10mg/l from the background and
its variability from field measured data.
The results also clearly indicate the higher SSCs predicted nearer to the bed than through the
remainder of the water column (see Table 17), which is another feature that was observed in
the monitoring studies. This is created in the model by the variation of settling velocities
representing the distribution of sediments in the overflow discharge, particularly as all sediment
was released into the model from the water surface. The model is therefore stimulating this
process.
Table 17.

Statistics of Sediment Concentration
Cluster
A
B
C
D

Maximum Concentration (mg/l) above background
Near Bed Concentration
Depth-Averaged Concentration
30
405
54
475
41
491
52
690

In Section 4 a review of previous monitoring studies was undertaken. The most recent study by
HR Wallingford (2011) for the Eastern English Channel noted maximum concentrations of the
order of 400-500mg/l and stated they were commonly found near to the bed. Maximum
distances where the plume was above background concentrations were recorded as 2.4km and
3.05km but the background threshold was not specified. These results are very similar to the
maximum concentrations and distances to a threshold of around 10mg/l that have been
predicted from the present modelling, compare with Tables 17 and 16 respectively.
Section 4 also indicates that the field measurements taken from the Owers Bank Region with
ADCP and sampling only recorded concentrations in the order of 20-50mg/l, with extents to
below 10mg/l of 3.5km. Since ADCP measurements cannot be obtained near bed, it is unlikely
they will have recorded the higher SSC which have more recently been observed and are
indicated by the model. The concentrations recorded, therefore, would most likely be
representative of higher in the water column and therefore akin to the depth-averaged values
from the model. Again in this respect, the modelled data would appear to fit closely with the
results that have been monitored in the past, albeit from different locations.
For the purpose of the Humber MAREA and to assess the potential effect of the dispersion of
sediment from the dredged plumes on the benthic biota, the maximum potential extent of
impact at concentrations of 20mg/l and 100 mg/l were requested as well as that just likely to be
discernable from the background (here considered to be 2mg/l). In order to provide a worst
case assessment these extents have been based on the near bed concentrations. If the depthaveraged results were to be used, the extents would be considerably less as is clearly
illustrated by comparing Figures 2 and 3. The zones around each cluster of Licence Areas are
shown in Figures 4 to 7 and combined in Figure 8. In addition, these zones will represent the
very worst case since it is most unlikely that dredging of a full load will occur immediately
adjacent to the Licence Area boundary. Furthermore, it is known there are smaller individually
permitted areas for dredging within each Licence Area.
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The resulting extents of elevated concentration at the 10mg/l threshold presented in Table 16
and illustrated in the diagrams tend to show that there is very little variability in the extents of
the plumes across each of the cluster areas indicating the hydrodynamics do not vary
significantly across each zone. Similar plume extents can therefore be expected to occur for
any locations between the modelled plumes. Table 18 shows the approximate maximum
distance that a change of 2mg/l, 20mg/l and 100mg/l is likely to be experienced outside of a
licensed dredge area for the edges for each cluster. On this basis, therefore, if the edges of the
individually permitted dredging zones within the licence areas are further than these distances
from the edge of the licensed boundary, then effects of this level from the initial plumes are
unlikely to be evident at the boundary.
Table 18.

Approximate Maximum Distance That a Change is Likely to be
Experienced Outside of a Licensed Area

Cluster
A
B
C
D

2mg/l
17.0
12.0
16.0
11.0

Distance Outside of Licensed Area (km)
20mg/l
5.0
3.0
2.0
3.0

100mg/l
4.0
1.5
1.0
2.5

Figure 9 shows the maps of sedimentation in each cluster. The model results indicate that the
maximum sedimentation from a single dredge load (not taking account of any potential reerosion) is only 0.3mm in the immediate vicinity of the dredger. Maximum extents of
sedimentation away from the release location are up to about 3km, albeit the amount will be
imperceptible from a single load at this distance. Sediment depositions are shown to be
greatest within the area of Cluster A, and very little further offshore in the area of Cluster D.
To have an insight into the plume development near the dredging sites, time-series over the 5
hour model simulation are presented for a single plume (the largest) within each cluster. The
individual plume extents and the locations for the time-series in each plume are shown in
Figures 10 and 11. The individual time-series of SSC (depth-averaged and near bed) for flood
and ebb sediment releases are shown in Figures 12 to 15, where Location 3 on the transect is
the release point.
The time-series plots in Figures 12 to 15 indicate that the model results were very similar in the
four cluster areas in terms of the patterns of sediment concentration development and decay,
reflecting the local flow regime. Whilst the map plots show the ‘footprint’ of maximum SSC, the
time-series show that the maxima varies in both time and distance from the source, thus giving
an idea of the movement of the plume. For example, the plume in Cluster A (Figure 12) shows
that maximum concentrations do not occur at the release location; this is a feature on both the
flood and ebb tides. This feature occurs to a lesser extent at the other locations, but the timeseries do not indicate this so clearly. This tends to indicate that the released sediment falls
relatively quickly to the bed at the point of release and then the settled material is re-eroded to
various degrees, which adds to the amount of sediment which is still falling through the water
column, giving maximum concentrations down flow of the release point as indicated by
Locations A2 and A4. The plots also give an indication of the speed of transport of sediment in
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the plume away from the release point, with the phase lag indicating the speed of flow at the
particular locations. The time-series also give an indication of the difficulty that arises in the
field monitoring of the plumes. The plots also show that near bed sediment concentrations are
significantly higher than the depth-averaged concentration at all times, which indicates a strong
gradient in sediment concentration over depth.
7.5.1.2 Longer-term over a spring-neap cycle
The initial plume plots indicate that once sediment from the release reaches the bed, under
certain tidal flows some will be re-eroded and transported further. To give an indication of the
overall maximum extent of effect the model was run with inputs of sediment at intervals through
a spring-neap cycle, and then for an additional 6 days without further input (21 days in total) to
represent the period of plume decay.
Based on the model results in Section 7.5.1.1, the dredger was positioned at Location A3, B3,
C3 and D3 as shown in Figure 16 to ensure the maximum plume likely to occur for the
modelled case. The dredging activity was carried out for 15 days (spring-neap cycle) during
which materials were released for 4 hours with a 36 hour interval, reflecting an average dredger
cycle time to ‘land’ the cargo. Two scenarios were run reflecting an initial release on the flood
and ebb tide. Due to the period of the dredger cycle, both scenarios input sediment into the
model at different tidal states (both flood and ebb) during the simulation. Comparison of the
results from the two scenarios showed little difference of significance.
Figures 16 and 17 show the maximum SSC recorded at each location (to a minimum of 2mg/l)
as a depth-averaged and near bed respectively, thus indicating the maximum extent of effects
of dredging at that location within each cluster. Comparison with the plume extents shown on
Figures 2 and 3 indicate the effects of the differing tidal conditions and the re-erosion and
onward transport of the sediment over a spring-neap cycle. The figures indicate that the
sediments spread more compared with the model results in Section 7.5.1.1 for single flood and
ebb tides. In Clusters C and D, the ‘footprint’ extents of increased SSC are well aligned with
their tidal axis. A weaker linearity with their tidal axis is present in Clusters A and B. All
‘footprints’ show a tendency for the sediment to move offshore in the areas of maximum
concentrations, although at the furthest extents (minimum concentrations) Cluster C shows a
small inshore movement particularly to the south (i.e. on the flood). It is also interesting to note
that generally the maximum extents of effects are to the south of the dredge location except for
the simulation from Cluster B in Licence Area 106c due to the local hydrodynamics.
As a summary the maximum modelled concentrations and extent of the ‘footprint’ to the level of
2mg/l has been extracted from the longer-term scenarios modelled in each cluster, shown in
Table 19. The maximum concentrations near the bed range from around 1100mg/l to
1700mg/l, whilst concentrations in the water column (depth-averaged) are between 65mg/l and
140mg/l. In both cases this range is 2-3 times higher than for the single plume values
summarised in Table 17. This clearly indicates that regular dredging will have a longer-term
effect of increasing maximum concentrations around the dredge location, as subsequent
overflow loads will add to the sediment already in the system. The maximum distance of
sediment transport is also increased compared with the single plume spring tide results, again
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indicating that the flows around the site are sufficient to re-erode and transport the sediment
derived from the sediment plume, therefore causing bedload dispersion.
This potentially suggests that although screened cargos do not generally create larger initial
plumes than those from the dredger overflows, they may have a greater longer-term
aggregative effect as there is potential for a greater mass of sediment on the surface of the bed
to be available for re-suspension.
Table 19.
Cluster
A
B
C
D

Statistics of Longer-Term Extent of Effect
Depth-Averaged Concentration
Max Conc.
Max Extent
(mg/l)
(km)
65
13.0
123
10.0
104
15.0
138
7.0

Near Bed Concentration
Max Conc.
Max Extent
(mg/l)
(km)
1223
22.5
1431
31.0
1117
37.0
1674
27.0

Max Deposition
Bed Level
Change (mm)
1.2
1.5
1.0
1.8

As shown in Figure 18, the most significant sediment deposition remaining after the 21 day
scenario occurs immediately adjacent to the dredge locations. The recorded maximum
depositions are 1.2mm, 1.5mm, 1.0mm and 1.8mm in Clusters A, B, C and D respectively,
arising from the total overflow of 11 loads. The deposition thickness in large areas remains
negligible at less than 0.02mm, i.e. the equivalent of a single silt grain.
Figures 19 to 22 show the time-series of instantaneous concentration and Figures 23 to 26
show the accumulated sedimentation for the 21-day simulation period. The peak concentration
and sedimentation were recorded for overflow discharges from Locations A3, B3, C3 and D3,
see Figure 16. The plots also show the phase lags in the vicinity of the dredge vessel. As
expected, generally there is a strong gradient in sediment concentration with depth, and this
trend is reflected in a large variability between the depth-averaged and near bed concentration
values.
The time-series plots recording the temporal change in SSC arising from the dredging
operations generally show similar patterns, but with varying magnitude of effect. This is related
to the difference in the flow regime at the different locations. This discussion of the results is
predominantly for the results for the dredge location in Cluster A with significant differences
highlighted for the other clusters.
Location A3 on Figure 19 shows the time-series of concentrations at the location of aggregate
dredging overflow used in the model scenario for Cluster A. For the first four dredger loads on
the falling range spring tides increased concentrations occur rapidly during the overflow, with
peaks rising to well above 150mg/l near the bed. Within the water column, however, the
increases (still evident) are only of the order of 20mg/l. Once the loading ceases, the
concentrations decay uniformly to background levels in the water column and almost at the
bed, before the pattern is repeated for the next dredge load. During this period only a little net
accretion occurs as the plume decays, indicating that the vast majority of the decay in SSC
levels is due to the sediments dispersing away from the site rather than depositing, also there is
little or no movement of sediment northwards (see Figure 23).
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Over neap tides, the plumes created do not decay to background conditions throughout the
tide, with depth-averaged concentrations rising to over 50mg/l at the time of dredging
particularly towards low water, whilst around High Water (HW), concentrations within the water
column are near background levels. A similar pattern is evident near to the bed, but with
considerably higher concentrations, which do not decay as was the case for spring tides. This
shows that very little dispersion takes place on neap tides and more of the sediment is present
in the water column for considerably longer periods of time than on spring tides. The
sedimentation plot shows that by comparison to spring tides much more sedimentation occurs,
however the absolute thickness is still small.
Following the end of the simulated dredging, Figure 19 indicates that concentrations decay to
background within about four spring tides (rising range) from the last dredge discharge. During
this latter period all sediment that was deposited at the site was re-eroded.
Broadly, similar patterns can be seen at the dredge locations in the other clusters, except the
initial plume decay is not so evident and peak water column SSC over neap tides are generally
higher, up to around 100mg/l for Cluster B. Following cessation of the dredge inputs, the
modelling suggests a minimum of 14 tides will be required before SSC return to background
levels, generally increasing in time the further the site is from the shore. Although not
specifically modelled, elevated SSC levels are not likely to be distinguishable from background
levels within a full spring-neap cycle following cessation of dredging.
All plots indicate that net sediment transport away from the overflow discharge locations occurs
predominantly on spring tides, with the majority of accretion during neap tides, where also
larger concentrations are evident in the water column (up to 5 times the level during springs)
due to the slower dispersal in the weaker neap flows. At all locations sediment erosion occurs
during the spring tides thus creating wider long-term dispersion of the sediment that originates
from the aggregate dredging overflow discharges.
7.5.2

Moving Dredger
During the study a further scenario was considered for a plume simulation along the inshore
edges of Licence Area 102 and Application Area 448 with two dredgers working together at
about 200m apart with a moving source. In each case a dredge track 2km long was used with
the dredgers passing back and forth along the track. The same input parameters with respect
to sediment size, proportions and rates were used as for the stationary model runs. The overall
simulation period was 5 hours.
The model outputs have been provided in the same manner as for the stationary plume
modelling. The ‘footprints’ of SSC for the two scenarios with the flood and ebb inputs combined
are shown in Figure 27 for depth-averaged concentrations and Figure 28 for the near bed. The
maximum extent of sedimentation is shown in Figure 29. Comparing the outputs from this
moving dredger scenario with the stationary modelling (Figures 2 to 4) shows no significant
differences, with the plume controlled by the major axis of the tidal current ellipse. The
maximum extents to the 2mg/l SSC contour were similar in the flood and ebb direction. These
maximum extents are shown in Table 20. These distances are little different from the maxima
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modelled for the stationary analysis (included in Table 16). The maximum SSC in the moving
dredger plume and the maximum depth of sedimentation from the two aggregate dredge loads
is given in Table 21. Comparison of these results with the stationary dredge modelling analysis
(Table 16) indicates that the dynamics of the dredger and additional effects of a second load
makes little difference to the overall maximum concentrations within the water column, with the
primary control being the hydrodynamic regime. It is likely however, that the temporal nature of
the plume will be different.
Table 20.
Area
102
448

Table 21.

Statistics of Plume Extent (2mg/l) for a Moving Dredger Scenario
Max Extent of Depth-Averaged
Concentration (km)
Release at Ebb Tide

Release at Flood Tide

Release at Ebb tide

Release at Flood Tide

12.2
12.5

13.2
12.1

14.0
16.0

14.8
13.6

Statistics of Sediment Concentration and Sedimentation for a Moving
Dredger Scenario
Maximum Concentration
(mg/l)

Area
102
448

Max Extent of Near Bed
Concentration (km)

Depth-Averaged Concentration

Near Bed Concentration

33
27

410
379

Sedimentation
(mm)
0.27
0.28

To provide an insight into the plume development in the dredging areas, observations of
sediment concentration have been made during 5hrs model running period, as for the
stationary dredger model runs. The observation locations are given in Figure 30 and Figure 31,
where four initial release Sites A1-3a (S1B), A1-3b (S1B), A2-3a (S2B) and A2-3b (S2B) were
included to see if there were any significant differences in the plume development if the dredge
scenario started from a different location. The resulting time-series for the different start
locations on the flood and ebb tides for depth-averaged and near bed concentrations over the 5
hour model run are shown in Figures 32 to 35.
The model results suggest that the development and decay of sediment concentrations depend
not only upon their positions in the area, but also upon tidal flow states when the initial
materials were released. When the dredgers initially travel against tidal flow direction, the
maximum concentration is likely occur at its initial release site. However, with the dredger
running in the same direction as the flow, concentrations will be lowest when the dredger is
down flow of the initial release site with the flow travelling in the same direction, decaying
rapidly because the sediment materials were transported further away from the site by the tidal
currents. The diagrams indicate the temporal complexity of plume propagation when dredgers
pass back and forth along a dredge track. However, as noted above the maximum
concentrations still occur near to the bed and the actual concentrations within the plume are
little affected. The peak concentrations however will occur at different locations at different
times relative to a static dredger input. Furthermore, the near bed sediment concentration was
significantly higher than the depth-averaged concentration, which indicates a strong gradient in
sediment concentration over depth.
R/3965/3

35

R.1841

Humber MAREA - Physical Processes Study:
Assessment of Sediment Plumes

This information therefore suggests that for a MAREA study the results from the more simplistic
stationary dredger scenario predicts results of extents and maximum concentrations similar to a
more complicated moving dredger scenario. The main difference will be the exact timing of the
maximum concentrations relative to the start of the dredge at the various locations, which is
unlikely to be a necessary consideration, particularly for a regional assessment.

8.

Conclusions
The plume study to support the Humber MAREA has comprised four components:

8.1



A brief theoretical review of the dynamics of plume generation and dispersion;



A review of previous MAREA studies and monitoring reports both within the Humber
area and elsewhere to determine plume extents and SSC distributions from both actual
aggregate dredging and theoretical/modelling studies. This information has been used
to help derive the modelling input parameters for the present plume study and help
validate the results;



Derivation of the model inputs parameters taking account of the relevant understanding
and experience gained from the initial review to ensure a realistic representation of the
aggregate dredging and the dynamics of the plume; and



Dredge plume modelling to determine the ‘footprint’ of the dispersed sediment in the
plumes around the Licence and Application Areas within the Humber MAREA area.
This data forms the base for the environmental impact assessment, particularly with
respect to the biology in and above the seabed.

Literature Review
Relevant conclusions from the review were:
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The development of a dredge plume from the overflows or screening chutes from
dredgers occurs in two phases:
-

A dynamic phase whereby the released sediment rapidly falls to the bed
beneath the source, being controlled primarily by the density of the mass
(relative the water column) and momentum at the point of release; and

-

A passive phase whereby the primary controls on the plume dispersion are the
hydrodynamic flows, the settling velocity of the individual particles and the
threshold for re-suspension of the sediment that reaches the bed during the
dynamic phase.

Theory and monitoring results indicate that the highest SSC concentrations in the
plumes occur near to the bed;
36

R.1841

Humber MAREA - Physical Processes Study:
Assessment of Sediment Plumes



In general terms the largest plumes spatially in the water column were produced from
dredger overflow rather than screening processes even though greater masses of
sediment are released by the latter process. This led to the decision to undertake the
plume modelling for an average overflow scenario, thus defining the worst case extent
of effect;



Maximum distances of plume effects given in licence applications are often in the
range of 9-12km, however the review of the monitoring generally indicates maximum
extents of effect in the order of 2.5-3.5km, generally in the prevailing tidal direction;



It is not clear from the reports to what SSC thresholds the maximum distances to
background conditions refer, although some reports suggest a value of 10mg/l. It is
possible therefore, taking account of the difficulty of monitoring, measurement and
calibration of instruments that the shorter distances cited above may refer to a
threshold of circa 10mg/l, whereas the higher licence application values are more
theoretical and potentially refer to all settlement from the water column; and



Maximum concentrations recorded in the plumes vary widely, but it is often not clear
whether measurements are from the dynamic or passive phase of the plume
development. Measurements undertaken by ADCP which are clearly within the
passive plume phase are generally recorded as 10-50mg/l. Since ADCP cannot
measure flows or sediment concentrations near to the bed, it is most likely that these
values are representative of the majority of the water column but do not account for the
higher concentrations that may potentially occur nearer to the bed. Where higher
concentrations are recorded (up to circa 500mg/l) commonly nearer to the source and
therefore may represent concentrations more associated with the dynamic phase of
plume generation.

These review conclusions therefore provide a basis for defining the model release parameters,
but just as importantly help validate the model outputs in determining the extent of effects of the
dispersal of sediment from the aggregate Licence and Application Areas within the Humber
MAREA.

8.2

Model Parameters
In order to determine the modelling parameters, note was taken of direct measurements from
the literature and calculations undertaken using the TASS software for bed sediment particle
size characteristics similar to those likely from the Licence Areas. From this information, it was
assessed that a realistic model input scenario to generate plumes within the Humber MAREA
area was a total sediment discharge of 30kg/s throughout a 4 hour load time for the aggregate
dredger Arco Dijk. The particle size distribution in the overflow sediment comprised 60%
medium sand, 20% fine sand and 20% silt, with the sediment 'injected' into the model at the
surface. For simplicity, appropriate for a high level MAREA study, these parameters were
applied to all Licence Areas and from a stationary source.
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8.3

Modelling Results
The main conclusions resulting from the analysis of the modelling outputs were:

R/3965/3



The difference in resulting plumes between applying the hydrodynamics with and
without a radiation stress on the model to represent the effects of an ‘every day’ wave
condition were small (0.7%). It was concluded that the plume generation was not
particularly sensitive to such wave conditions, and therefore was not included for the
bulk of the tests;



For the purpose of modelling and analysis, the individual Licence and Application
Areas were divided into four clusters based on their geographical position. Based
upon theoretical understanding and monitoring, the maximum extents of the plumes
outside the extremities of the clusters were derived both for the distribution of the
depth-averaged concentrations in the water column and near bed, in both the flood and
ebb directions, and out to SSC thresholds of 10mg/l and 2mg/l within the plume; in
order to correspond with the probable extents recorded in the literature, summarised
above. Maximum distances to the 10mg/l threshold were generally out to 3.5-4km
near to the bed and 1.5-2km in the water column. At the 2mg/l threshold which is
considered to be not discernable from the background variability, distances were much
more variable, particularly within the water column, ranging from 3.5-9km and 8.516km near to the bed, with greater variability between the flood and the ebb as well as
between the clusters. This is considered to be representative of the worst case being
highly conservative and near theoretical given the low concentration threshold;



Within the plumes, maximum concentrations ranged from 30-54mg/l for depthaveraged in the water column and between 405mg/l and 690mg/l near the bed,
generally increasing the further the cluster is from the shoreline;



The individual plume modelling ‘footprints’ of maximum extent of effect around the
individual clusters from a stationary source were derived from the near bed results,
therefore indicating a worst case. These were derived out to SSC thresholds of 2, 20
and 100mg/I to define the worst case extent (2mg/l) and thresholds that may have
significance for certain biotopes (20 and 100mg/l). The results were output as GIS
shape layers for assessment of the environmental impact of such changes on
biological receptors;



Maximum sedimentation at any time from within the dredge plumes was 0.3mm from a
single aggregate load;



Time-series outputs for locations along the plume axis have been output to show the
temporal development of the plume. These are shown to be complex but indicate the
timescale of the sediment movement away from the stationary dredge site;
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Additional model runs were undertaken over a spring-neap cycle with multiple dredge
loads at intervals to represent a realistic dredge cycle. This modelling showed that in
the longer term the maximum extent of effect would become larger as sediment is
moved at different rates due to the changing hydrodynamics, rates of settlement and
re-erosion. General conclusions were:
All cluster ‘footprints' show a longer term movement of sediment offshore
compared to the initial plume;
-

Maximum extents of effect are commonly more to the south of the dredge
location, except for in Area 106C which trend northwards;

-

Maximum extents and concentrations both at the near bed and in the water
column (depth-averaged) were 2-3 times greater than for a single initial plume,
although 11 times more sediment had been discharged into the system.
Maximum thickness of sedimentation, albeit temporary, were still less than
2mm at any location;

-

Time-series analysis from each of the clusters shows similar development
patterns, but it is clear the distribution is more a function of the variation in the
hydrodynamics than the mass of the sediment input:
o During spring tides, whilst aggregate dredging takes place in the higher
flow regime inshore, the increased SSC decays at the site back to
background in the water column and almost at the bed, before the next
dredge operation starts. The sediment is dispersed rather than settling to
the bed;
o On neap tides, concentrations do not decay between aggregate dredge
loads and concentrations are considerably higher than on spring tides, for
example rising from circa 20mg/l to over 100mg/l at certain locations.
More sedimentation also occurs over neap tides, indicating the
considerable reduction in dispersion of the sediment. This indicates that
on neap tides higher concentrations in the water column are likely but over
a smaller physical extent than for spring tides;
o On rising spring tides much of the sediment is dispersed and that which
accumulates on the bed over neaps is eroded;
o At the most inshore locations (Cluster A), when dredging ceases (on
spring tides) elevated SSC at the source location decay to background
levels within four tides, however, in Cluster D (offshore) it is likely to take a
full spring-neap cycle for this to occur.

-

Further modelling scenarios were undertaken with a dredger moving back and
forth along a 2km track, with a second dredger following 200m behind. The
results from this scenario were little different from the more simplistic
stationary approach, with the plume extents being controlled by the major axis
of the tidal ellipse through the area of the dredge. Moreover, the addition of
the second load made little difference to the maximum SSC within the plume
at any time. The time-series analysis, however, showed considerable change
in the complexity of the temporal development of the plume.
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Record locations for Cluster A and B
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Record locations for Cluster C and D
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Time-series of concentration on ebb and flood tides
at Cluster A
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Time-series of concentration on ebb and flood tides
at Cluster B
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Time-series of concentration on ebb and flood tides
at Cluster C
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Time-series of concentration on ebb and flood tides
at Cluster D
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Maximum extent of depth-averaged concentration over 21-days
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Maximum extent of bed concentration over 21-days

Figure 17

Date

By

Size

Aug 11

BW

A4

Projection

Version
1
n/a

Scale

n/a

QA

PAW

Plume_Modelling_Figures.xls
Produced by ABPmer Ltd.

© ABPmer, All rights reserved, 2011

Maximum extent of sedimentation over 21-days
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Time-series of concentration over 21-day at Cluster A Initial release on flood tide
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Time-series of concentration over 21-day at Cluster B Initial release on flood tide
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Time-series of concentration over 21-day at Cluster C Initial release on flood tide
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Time-series of concentration over 21-day at Cluster D Initial release on flood tide

Figure 22

Date

By

Size

Aug 11

BW

A4

Projection

Version
1
n/a

Scale

n/a

QA

PAW

Plume_Modelling_Figures.xls
Produced by ABPmer Ltd.

© ABPmer, All rights reserved, 2011

Time-series of sedimentation over 21-day at Cluster A Initial release on flood tide
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Time-series of sedimentation over 21-day at Cluster B Initial release on flood tide
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Time-series of sedimentation over 21-day at Cluster C Initial release on flood tide
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Time-series of sedimentation over 21-day at Cluster D Initial release on flood tide
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Maximum extent of depth-averaged concentration
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Maximum extent of bed concentration
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Maximum extent of sedimentation
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Record locations at Area 102
Initial material release at (a) S1A (b) S1B
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Record locations at Area 448
Initial material release at (a) S2A (b) S2B

Figure 31
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Time-series of concentration on ebb and flood tides
at Area 102 - Initial material release at S1A
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Time-series of concentration on ebb and flood tides
at Area 102 - Initial material release at S1B
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Time-series of concentration on ebb and flood tides
at Area 448 - Initial material release at S2A

Figure 34
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Time-series of concentration on ebb and flood tides
at Area 448 - Initial material release at S2B

Figure 35

