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1. Introduction 
1.1 BACKGROUND 

A Marine Aggregates Regional Environmental Assessment (MAREA) is being 
undertaken for the Anglian Offshore Dredging Association (AODA) to inform both new 
marine aggregate dredging licence applications and licence renewal applications 
offshore from the Thames Estuary.  The study region includes the whole of the East 
Anglian coast between Cromer and Orford Ness and extends about 40km offshore of 
Great Yarmouth, as shown on Figure 1. 
 
An important part of the MAREA is to assess the effects of marine aggregate dredging 
on the physical environment of the study region.  At present, such dredging is carried 
out in numerous areas within the Anglian/East Coast Region (Figure 1 and Table 1) by 
the companies comprising AODA (British Dredging Ltd, CEMEX UK Marine Ltd, 
Hanson Aggregates Marine Ltd, Sea Aggregates Ltd, Tarmac Marine Dredging Ltd and 
Volker Dredging Ltd). 
 
Table 1 Dredging Areas 

Licence Area Status Company 
Area 202 Licence Hanson Aggregates Marine Ltd 
Area 212 Licence Hanson Aggregates Marine Ltd 
Area 228 Licence Volker Dredging Ltd 
Area 240 Licence Hanson Aggregates Marine Ltd 
Area 242 Licence Hanson Aggregates Marine Ltd 
Area 251 Licence British Dredging Ltd 
Area 254 Licence Tarmac Marine Dredging Ltd 
Area 296 Licence Tarmac Marine Dredging Ltd 
Area 319 Licence British Dredging Ltd 
Area 328 A Licence Hanson Aggregates Marine Ltd 
Area 328 B Licence Hanson Aggregates Marine Ltd 
Area 328 C Licence Hanson Aggregates Marine Ltd 
Area 360 Licence CEMEX UK Marine Ltd 
Area 361 A Licence Hanson Aggregates Marine Ltd 
Area 361 B Licence Hanson Aggregates Marine Ltd 
Area 361 C Licence Hanson Aggregates Marine Ltd 
Area 401/2 A Licence Hanson Aggregates Marine Ltd 
Area 401/2 B Licence Hanson Aggregates Marine Ltd 

Area 430 Licence 
CEMEX UK Marine Ltd 
Tarmac Marine Dredging Ltd 

Area 454 Application CEMEX UK Marine Ltd 
Area 494 Application Tarmac Marine Dredging Ltd 
Area 494 Prospecting Tarmac Marine Dredging Ltd 
Area 495A Application Hanson Aggregates Marine Ltd 
Area 495B Application Hanson Aggregates Marine Ltd 
Area 496 Application Sea Aggregates Ltd 
 
The past, current and planned future aggregate dredging areas within the study region 
are also shown in Figure 1.  In this figure, the boundaries of the dredging areas are 
coloured differently to show whether they have been relinquished, are currently 
licensed, are proposed new areas for which an extraction licence has already been 
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applied or, finally, are possible future extraction areas which are currently being 
prospected. 
 
As part of the input to this Regional Environmental Assessment, AODA (through 
Hanson Aggregates Marine Ltd.) commissioned HR Wallingford to provide a high-level 
assessment of the footprint of potential impacts resulting from the dispersion of 
dredging plumes.  This report provides a summary of the studies undertaken to define 
the footprints arising from dredging at each of the (existing and proposed) Licence 
Areas which form part of the Assessment. 
 
This study considered both the footprints of dispersion of fine sediment plumes and the 
footprints relating to the longer term dispersion of fine sand released into the water 
column during the dredging process.  In both cases, the footprints derived during the 
study were based on published reference field studies.  The results of the reference 
studies have been re-interpreted for the physical conditions of the individual sites but 
where there was uncertainty in this procedure an emphasis was placed on a conservative 
and precautionary assessment of the footprint at each site. The present study builds on 
the high level methodology developed for the Thames Estuary (HR Wallingford, 2010a) 
and South Coast Marine Aggregate Regional Environmental Impact Assessments 
(HR Wallingford, 2010b) but is now also able to incorporate results from recent 
monitoring of aggregate plumes in the English Channel (HR Wallingford, 2010c).  As a 
result the methodology applied in this study is further refined and able to make a more 
accurate assessment of the footprint of potential impacts from dredging. 

1.2 OBJECTIVES 

The objectives of this study were as follows: 
 
 To identify the footprints relating to the dispersion of fine sediment plumes arising 

from proposed dredging at each of the identified (existing and proposed) Licence 
Areas; and 

 To identify the footprints relating to the dispersion of sand arising from proposed 
dredging at each of the identified (existing and proposed) Licence Areas. 

1.3 SCOPE OF THE STUDY 

This report represents a high-level assessment, designed to identify areas where impacts 
arising from proposed aggregate dredging could potentially occur and rule out areas 
where impact is unlikely to occur.  This approach allows a better understanding of how 
potential impacts from the proposed dredging may be manifested at this early strategic 
stage without recourse to more detailed site-specific modelling.  Moreover, this high-
level study facilitates the targeting of detailed modelling to areas of possible concern 
allowing reduced emphasis in less sensitive areas. 
 
It is important to note that the footprints identified in this study do not necessarily 
correspond to areas of significant physical impact.  They simply highlight areas where 
impact may or may not occur; the MAREA will assess the significance of potential 
impacts within the identified footprints. 

1.4 PRECAUTIONARY NATURE OF THE STUDY 

This study is conservative in nature.  The footprints of the potential impact of the fine 
sediment plume are based on: 
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 the type of dredger (currently used in the Anglian Offshore MAREA study area) 
which has the potential to give the greatest impact and assuming that dredging will 
occur throughout the whole of each of the existing and proposed dredging Licence 
Areas; 

 the Peak concentrations likely to be experienced (which are typically experienced 
at any location on each dredger pass, for a few hours a day at most and only then 
during dredging of the relevant part of the Licence Area); 

 the worst case plume excursion that has been observed from aggregate dredging in 
UK waters. 

 
The footprints of the potential impact of the longer term dispersion of fine sand are 
based on: 
 
 the worst case development (in terms of distance from the dredging) of bed forms 

as a result of aggregate dredging that have ever been identified in UK waters; 
 the worst case changes in bed substrate (in terms of distance from the dredging) 

that have been identified in UK waters. 

1.5 CONTENTS OF THE REPORT 

This report consists of a further eight chapters. 
 
Chapter Contents 

2 Description of the release of sediment during dredging operations 

3 Summary from the literature of the results of field measurements of plumes 
released during dredging operations 

4 Description of the methodology used to derive the footprints of plume 
dispersion for each of the identified Licence Areas and presentation of the 
footprints 

5 Description of the flow model used to undertake the high-level studies 

6 Summary from the literature of the results of field measurements of 
dispersion of fine sand released during dredging operations 

7 Description of the methodology used to derive the footprints of fine sand 
dispersion for each of the identified Licence Areas and presentation of the 
footprints 

8 Evaluation of the potential for cumulative effects 

9 Conclusions of the report 
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2. Release of sediment into the water column 
during dredging operations 
The process of loading the dredger entails pumping a mixture of solids and water from 
the seabed into the hopper of the dredger (which is usually partially full of water at the 
start of loading).  The solids content in the pumped mixture is relatively low 
(approximately 25% by volume) and so the vessel fills quickly with water while 
loading.  In order to allow the vessel to load a full cargo of sand and gravel without 
becoming overloaded, the excess water in the hopper is returned overboard through 
overflow spillways.  The returned water also contains a proportion of suspended solids 
(typically fine sands and silt).  Once returned to the sea, this sediment will be dispersed 
horizontally and vertically in the form of a plume by tidal flows and wave action and be 
advected by the tidal currents.  The processes of advection and dispersion will continue 
until the sediment concentrations are reduced to close to background levels.  The 
increase in suspended sediment concentrations and the enhanced deposition (if any) 
resulting from these fine sediment plumes could potentially have an impact on local 
ecology. 
 
In addition to returns to the water column by the overflow spillways (as in the case 
during “all-in” loading), most aggregate dredgers have the ability to modify the 
composition of sediment retained within the hopper by screening (passing the 
water/solids mixture over a metal mesh).  Screening is undertaken in order to increase 
the proportion of gravel (or sand) in the hopper and results in a further return to the 
water column of a mix of sediment size fractions, together with a quantity of water. The 
sediment water mixture released in this manner contains coarser material and usually 
has a greater density and velocity on entering the water surface than the overflow 
mixture.  The greater momentum and negative buoyancy of the screening discharge, and 
its coarser sediment, mean that the screening plume will descend more rapidly to the 
bed.  In the case of screening for gravel (undersize screening), there is usually a 
significant proportion of fine sand (and a smaller proportion of silt) additionally 
released.  The coarse material (mostly various fractions of sand) settling onto the bed 
from the screening plume can potentially be transported away from the dredging area by 
tidal currents and waves, albeit more slowly than the fine material released into the 
water column.  The dispersion of this sand can locally alter the nature of the bed 
sediment, making it finer and potentially altering the benthic communities where these 
changes occur. 
 
In some circumstances screening is undertaken to remove coarser material, such as 
pebbles or gravel, from the load (often referred to as ‘scalping’ or ‘reverse screening’).  
In this case, the rejected coarse material will fall almost immediately to the bed and will 
not, in normal conditions, be transported out of the dredging area. 
 

3. Summary of the literature relating to the 
measurement of fine sediment plumes resulting 
from aggregate dredging 

3.1 INTRODUCTION 

This chapter briefly describes the measurements of fine sediment plumes resulting from 
aggregate dredging which form the basis for the approach taken in this study to identify 
fine sediment plume footprints.  Only aggregate dredging studies are considered because 
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the in situ sediment particle size distribution is a key factor in the nature of the resulting 
plumes and aggregate dredging occurs in areas with very specific sediment types. 
 
The discussion below builds on the high level methodology developed for the Thames 
Estuary (HR Wallingford, 2010a) and South Coast Marine Aggregate Regional 
Environmental Impact Assessments (HR Wallingford, 2010b) but is now also able to 
incorporate results from recent monitoring of aggregate plumes in the English Channel 
(HR Wallingford, 2010c, and Section 3.4).  As a result the methodology applied in this 
study is further refined and able to make a more accurate assessment of the footprint of 
potential impacts from dredging.  The increase in data availability makes it possible to 
remove some of the deliberately over-conservative nature of the estimates of the turbid 
plume footprint which were inherent in these previous MAREA assessments.  In 
particular, the reader will note that the distances of plume dispersion referred to in the 
sections below now correspond to distance from the position where the measured plume 
was originally released to the measurement point, rather than the distance between the 
location of the dredger and the measurement point, as was previously the case.  The 
difference in these approaches is illustrated in Figure 2.  It is important to note that this 
change is (a) a more accurate reflection of the distance a plume can travel from an active 
dredging area; and (b) will reduce the identifiable footprint of impact.   

3.2 OWERS BANK  

The Owers Bank study (HR Wallingford, 1996) consisted of a field measurement 
campaign with the aims of understanding and quantifying the increase in sediment 
concentrations due to resuspension by dredging operations; and tracking the spread and 
dispersion of the plumes of re-suspended material. 
 
Measurements were made from a 15m survey vessel during a period of neap tides 
(chosen so that plume concentrations would be greater) in August 1995.  Suspended 
solids concentrations were measured within the overflow plume from three trailer 
suction hopper dredgers which were operating on the existing licensed site on the Owers 
Bank.  The vessels were: the City of Rochester (United Marine Dredging Ltd, 1300m3 
capacity) undertaking screening for gravel; the Arco Severn (ARC, now Hanson 
Aggregates Marine Ltd, 1300m3 capacity) undertaking ‘all-in’ loading; and the 
Geopotes XIV (Ham Dredging, now Van Oord, under contract to South Coast Shipping, 
now CEMEX UK Marine Ltd, 7500m3 capacity).  Note that the Geopotes XIV has a 
centrally mounted spillway and does not have a facility to screen material and is 
considerably larger than the other two dredgers. 
 
The technique employed for plume visualisation was to use a vessel mounted 
downward-facing ADCP (Acoustic Doppler Current Profiler) to track the plume.  This 
device was shown to be successful in tracking the plume over large distances.  Water 
samples from the plume were taken and analysed to give suspended sediment 
concentrations.  The field measurements showed that the suspended sediment 
concentrations within the plume reduced to background conditions over the distances 
identified in Table 2. 
 
Measurement of the suspended solids for the Arco Severn and the City of Rochester 
showed that the plume decayed to background levels within 300-400m of the origin of 
the plume.  The same measurements indicated that the concentration increases caused by 
the plume had reduced to below 50mg/l within 130m, and to below 20mg/l within 
200m, of the City of Rochester. 
 
The Geopotes XIV plume travelled further because of the higher concentration of 
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sediment present in the overflow from this dredger.  In particular, concentrations of silt 
close to the dredger were an order of magnitude higher for the Geopotes XIV than the 
two other dredgers. 
 
Table 2 Results of Owers Bank measurements 

Dredger Arco Severn 
City of 

Rochester 
Geopotes XIV 

Estimated distance 
from plume origin 
over which plume 
was observed to fall 
to background levels 

Less than 
360m1 

2300m1 

Sampling only undertaken 
within 330m2 of plume origin, 
plume  concentrations still in 
the region of 100mg/l at this 

distance 

3.3 HASTINGS SHINGLE BANK 
Aggregate dredging has been undertaken at the Hastings Shingle Bank Licence Area 
since 1988. Since this time a variety of studies have been undertaken which investigated 
different aspects of the potential effects of dredging. 
 
On 7th October and 18th November 1999 Cefas undertook measurements of suspended 
sediment concentrations in plumes generated by aggregate dredging (Cefas, 2001).  The 
measurements were undertaken by towing a Cefas ESM2 logger (which takes optical 
back scatter measurements) behind a research vessel between 5m and 10m below the sea 
surface and by making transects of the plume at various distances from the dredgers.  
The dredgers monitored were: the Arco Adur (Hanson Aggregates Marine Ltd., 2400m3 
capacity) on 7th October; and the Sand Falcon (CEMEX UK Marine Ltd, the capacity in 
1999 was 4000m3 although this has since been increased to 5000m3) on 18th November.  
On both occasions the cargo was an ‘all-in’ load and no screening occurred. 
 
The measurements of the plumes from the Arco Adur were interpreted in 
HR Wallingford (2009a).  This report indicated that the plume from the Arco Adur was 
diluted to background levels over a distance of around 1.5km from the dredger and 
around 520m from the point of release (which is different from the position of the 
dredger because during the time that the plume moves from the release point to the 
measurement point, the dredger has moved a considerable distance).  The same 
measurements indicated that the concentration increases caused by the plume had 
reduced to below 50mg/l within 200m of the Arco Adur (around 80m from the point of 
release), and to below 20mg/l at a distance of 300m of the dredger (around 100m from 
the point of release). 
 
Measurements presented in the Cefas (2001) report for the Sand Falcon plumes suggest 
that the effects of dredging were greater than those for the Arco Adur but data is not 
presented for the distance at which the Sand Falcon plume concentrations reached 
background levels.  At a distance of 530m (from the point of origin) the concentrations 
within the measured plume had reduced to 11mg/l above background. 

3.4 EASTERN ENGLISH CHANNEL  
In 2008 HR Wallingford led a field measurement campaign on behalf of the East 
Channel Association (an association of aggregate dredging companies) to measure 

                                                      
1 Dredging while at anchor 2 
1 Estimated on the basis of the known movement of the dredger, flow modelling and tidal records 
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suspended sediment concentrations of plumes generated by aggregate dredging in the 
Eastern English Channel (HR Wallingford, 2010c).   
 
On 18, and 22 September 2008, a series of observations of suspended sediment plumes 
generated by the Arco Axe (hopper capacity 2400m3), were made using backscatter 
from a vessel-mounted downward-facing ADCP.  The backscatter was calibrated using 
water sampling collected within the measured plumes and SEDIVIEW post-processing 
software.  Seven series of measurements were made on 18 September tracking the decay 
of plumes released at different points through an all-in load.  A further nine series of 
measurements at different points through a screened load on 22 September.  Each series 
of measurements consisted of transects across the plume, marked by a drogue, as it 
moved away from the point of origin.  To calibrate the ADCP backscatter water samples 
were taken from the plume at the surface, mid-depth and near-bed.   
 
Summaries of the far-field data are presented here in Table 3 and Figures 3 and 4.  Table 
3 shows the distance from the point of origin of the plume for each series of 
measurements at the point where the plume was judged to have dispersed sufficiently 
that the suspended sediment concentrations in the plume were similar to background 
conditions.  Some series may not have been tracked for a sufficiently long period of 
time and these are indicated in the table.  Figure 4 shows a summary of the measured 
plume concentration for all measured transects for each series.  The results for the all-in 
and screened loads are shown separately and compared with results from other 
measurement campaigns.  For more detail the reader is referred to (HR Wallingford, 
2010c). 
 
Table 3 Summary of results from the Eastern English Channel field 

measurement campaign 

Series Measured distance from origin of plume 
when plume concentration reached 

background levels (m) 
All-in load, 18 September 

1 457 * 
2 916 
3 364 * 
4 654 * 
5 836 * 
6 2,868 
7 3,041 

Screened load, 22 September 
16 969 
17 688 
18 912 
19 704 
20 605 
21 1,260 
22 1,221 
23 428 * 
24 (Tide turned during measurements) 

* It is not conclusive for these measurements that the plume concentrations had reached 
background levels. 
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3.5 RACE BANK 
Over the period 1994-1997 Race Bank was the focus for a series of studies focussed on 
the potential for dredging plumes generated by aggregate dredging in Area 107, to affect 
an over-wintering ground for berried hen crabs, some 6.5km away (Cefas, 1998).  The 
area is located offshore of Skegness, with a tidal excursion of 9-11km. 
 
In May-June of 1995 a series of ADCP transects across the wake of a dredger were 
undertaken at increasing range from the vessel.  The backscatter signal from the ADCP 
was used to detect the presence of the sediment plume.  It was found that the sediment 
plume became indistinguishable from background levels of acoustic backscatter at 
distances of around 2500m during spring tide conditions and 1200m during neap tides.  
The report does not make it clear whether this distance relates to distance from the 
dredger or the point of origin.  Furthermore it is noted that no water samples were taken 
from the plume and hence it is difficult to ascertain the significance of the ADCP 
backscatter signal with respect to suspended sediment concentrations.  Field 
experiments have shown that acoustic backscatter can show the trace of dredging over 
much longer distances than sampling of suspended solids (HR Wallingford, 1999, 
Compass Hydrographic Surveys, 2004).   Some researchers have postulated that the 
backscatter senses a trace signal of organic material rather than suspended sediment 
(e.g. Newell et, 1999). In the same paper Newell et al observed that the backscatter 
signal from the City of Rochester at Owers Bank (see Section 3.2) could be detected 
over a distance of 3km whereas the suspended sediment had returned to background 
conditions within around 300m of the dredger. 

3.6 AREA 430 

On the 4 of June 2003 between 12:28 GMT and 19:01 GMT monitoring of aggregate 
dredging plumes were undertaken in Area 430 using ADCP backscatter and water 
sampling (Compass Hydrographic Surveys, 2004).  The dredger, City of Westminster 
(Hopper capacity 2650m3), arrived on site at 12:50 and commenced work at 13:08 
screening material in the form of sand and gravels (<10mm in diameter).   
 
Water samples and optical backscatter (OBS) measurements were taken before and 
throughout the transect surveys using the ADCP backscatter to locate the plume.  
Background levels of suspended sediment concentration were found to be less than 
5mg/l.  The maximum plume concentration sampled was 66mg/l which was measured 
between 100m and 600m from the dredger.  All other measurements from the plume, 
sampled between 300 and 1800m from the dredger, were less than 13mg/l.  Sampling at 
a distance of 500m from the dredger resulted in suspended sediment concentrations of 4-
6mg/l.  It is concluded that the plume had reduced to background levels by this time, 
although there is some uncertainty about the distance at which the concentrations in the 
plume approached background levels and this uncertainty is reflected in Figure 3.    

3.7 AREA 106 

On the 27 of June 2003 on a Spring Tide between HW+1.6 and HW-4.55 monitoring of 
aggregate dredging plumes were undertaken in Area 106 using ADCP backscatter and 
water sampling (Compass Hydrographic Surveys, 2004).    The dredger arrived on site 
at around  17:30 and dredging operations continued until 23:59.   
 
Water samples and OBS measurements were taken before and throughout the transect 
surveys using the ADCP backscatter to locate the plume.  The highest measured plume 
concentration was 13mg/l at a distance of 500m and 900m from the dredger (and 
probably around half this from the point of origin) although nearer sampling produced 
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concentrations of only 1-3mg/l.  It was concluded that the plume had reduced to 
background levels over a shorter distance (less than 300m from the dredger) and that the 
measurements of 13mg/l are background values, although there is some uncertainty 
about this.  This uncertainty is reflected in Figure 3. 

3.8 AREA 122/3 

Hitchcock and Bell (2004) present water sample concentrations of suspended sediment 
taken at varying distances from the City of Chichester during “all-in” loading in Area 
122/3 to the east of the Isle of Wight in 2001.  The water sample concentrations are 
juxtaposed beside corresponding water samples taken from the City of Rochester at 
Owers Bank (HR Wallingford, 1996) and indicate that the concentration increases from 
the City of Chichester in Area 122/3 are 10 or even 20 times greater than those from 
Owers Bank.  This is a surprising result and more than a little questionable.  In 
particular, the measured concentrations in the far-field are of the same order, or even 
sometimes higher, than those measured directly from the overflow discharge (which are 
stated in Hitchcock et al, 2002). Moreover a simple back-of-the-envelope calculation of 
the overflow sediment discharge that would be needed to produce the stated far-field 
concentrations (taking into account the approximate dimensions of the plume) mean that 
the overflow discharge would have to be an order of magnitude more than the dredger 
could actually dredge.  It is concluded that an arithmetic error has occurred within the 
published data, and as such these results are not considered further. 

3.9 SUMMARY OF LITERATURE RELATING TO THE DISTANCE OVER 
WHICH AGGREGATE DREDGING PLUMES DISPERSE 

The measurements of observed plume excursion from aggregate dredgers in the English 
Channel, at Hastings and at Owers Bank are summarised in Table 4 together with 
approximate estimates of the plume excursion from Areas 430 and 106 based on the 
data available.  The data is shown pictorially in Figure 3.  The figure shows that plumes 
may travel up to a few kilometres from the position from which the plume was 
discharged, the longest distance reported being around 3km.  This data is used in 
Sections 4.3 and 4.4 to derive a high level relationship between dredger operation/site 
characteristics and the identifiable excursion of aggregate dredging plumes. 
 
The evidence from these field measurements indicates that screening does not cause 
more significant turbid plumes than all-in loading.  Although the higher concentrations 
of material in the screening plume might be considered to increase the distance over 
which the plume would be detected (and suspended sediment concentrations generally); 
the density effect, or negative buoyancy, generated by the greater discharge of material 
tends to pull the plume down towards the bed and cause it to settle more rapidly.  
Indeed, the English Channel measurements (HR Wallingford, 2010c) found that the 
concentration increases arising from turbid plumes from all-in loading were greater than 
those arising from screened loads.  
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Table 4 Summary of measured plume data in the literature 

Water 
depth 

Current 
speed 

Dredger 
Pumping 

rate 

Plume excursion 
from point of 

origin 
Site 

[m] [m/s] [m3/s] [km] 
Owers Bank 
City of Rochester 
(Screening for gravel) 

18 0.25 1.252 0.3 

Owers Bank 
Arco Severn 
(All-in load) 

18 0.6 1.253 0.33 

Hastings Shingle Bank 
(All-in load) 

25-30 0.5 1.73 0.52 

Eastern English Channel 
(All-in load) 

46 1.1 2.04 0.3-3.0 

Eastern English Channel 
(Screening for gravel) 

46 1.1 2.05 0.4-1.3 

Area 430 30-40 Up to 1.2m/s 2.05 ~0.3 

Area 106 14-16 Up to 0.8m/s 2-36 ~0.3 

3.10 SUMMARY OF LITERATURE RELATING TO THE DECAY OF PLUME 
CONCENTRATIONS WITH DISTANCE FROM ORIGIN 

The available data from the studies described above of the variation of measured 
suspended sediment concentration with distance from the position of plume origin is 
summarised in Figure 4.  The increase in suspended sediment concentration above 
background plotted in Figure 4 is a point value for the Hastings measurements (which 
were measured using OBS on a tow-fish), a depth average value for the Owers Bank 
measurements (which were measured using water samples at several heights throughout 
the water column) and a cross-section-averaged value for the English Channel 
measurements (which used calibrated ADCP backscatter). The figure shows that there is 
a certain amount of scatter in the results, reflecting the variation in current speed, water 
depth, dredger pumping rate and, potentially, measurement uncertainty.   The mean fit 
though all of the data points suggests that typical increases in concentration from 
aggregate dredging plumes range from 40mg/l at a distance of 100m from the plume 
origin, falling to 20mg/l at 200m, and falling below 10mg/l at 600m.   The 95th 
percentile of the measured increases in concentration data is around 2.5-3 times higher 
than the mean values. 
 
Normalising the distance from the plume origin, by dividing by the total distance over 
which the plume can be observed (as in Figure 5) removes some of this scatter and 
enables a general characterisation of how plume concentrations vary with distance.  This 
will be used to derive footprints of increases in concentration in Section 4.4.  The best 

                                                      
2 Pumping rate based on estimate for information from Hitchcock (1997). 
3 Pumping rate based on figures presented in Resource Management Association (2002) 
4 Pumping rate based on data presented in HR Wallingford (2010c). 
5 Pumping rate assumed to be similar to the Eastern Channel values.  
6 Estimate 
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fit relationship indicates that plume concentrations vary with the reciprocal of 
normalised distance.  The 95th percentile of the measured increases in concentration data 
is around twice the mean value. 

3.11 MEASURED BACKGROUND CONCENTRATIONS IN THE ANGLIAN 
REGION 

Typical suspended sediment concentrations in calm conditions throughout the Southern 
North Sea are provided by the Cefas archive (summarised in Figures 29 and 30 of 
HR Wallingford et al, 2002).  These measurements suggest typical (calm) summer 
concentrations of 8-32mg/l in the regional area and typical (calm) winter concentrations 
of 16-64mg/l. Cefas (2006) quotes typical suspended sediment concentrations at Scroby 
Sands of 50-100mg/l though this may be from the same information source. 
 
These measured background suspended sediment concentrations are not representative 
of storm conditions and hence it should be expected, based on general experience, that 
such conditions would produce much higher concentrations.  Measured values of 
concentration in storm conditions are not available for the Anglian region. 
 

4. Development of a high-level approach to the 
dispersion of dredging plumes based on 
experience in the field 

4.1 INTRODUCTION 

The evolution of dredging plumes after release is a combination of advection (the 
movement of parcels of water containing sediment under the action of tidal currents) 
and dispersion (the mixing of the plume into the surrounding waters).  Both of these 
processes are important for evaluating the effects of plumes.  Advection by tidal 
currents is the mechanism by which plumes move out of the dredging area while 
dispersion is the process which essentially limits how far the plume moves before it 
mixes into the background.  In detailed plume dispersion modelling the advection and 
dispersion are computed directly.  However, in a high level study of this type, where an 
evaluation of the effects of dredging in and throughout many different areas is required, 
detailed modelling of all the potential scenarios is not possible.   In the past attempts to 
use computational modelling to identify the high level footprint of impact from dredging 
plumes have concentrated on the advection process but not considered the effect of 
dispersion (e.g. Cooper et al, 2007).  As result the footprint of plume impact is 
sometimes evaluated as the entire distance of the tidal excursion, i.e. extending 10-20km 
from the dredging area.  As discussed in Chapter 3 the evidence from the field is that 
dredging plumes can only be identified over a few kilometres from the dredging area.  
This study therefore seeks to use the evidence from the field to produce a simple 
relationship which can account for the dispersion effect.  This is then combined with a 
lagrangian particle tracking model and tidal current information from an existing flow 
model of the region to enable the footprint of potential impact from turbid dredging 
plumes to be identified. 
 
In the Sections below the theory of near-field and far-field mixing is discussed.  On the 
basis of this discussion an approach is proposed which is then tested against the data 
presented in Chapter 3. 
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4.2 IMPORTANT PROCESSES IN THE DISPERSION OF DREDGING 
PLUMES FROM AGGREGATE DREDGERS  

The dispersion of plumes arising from aggregate dredging is the result of a number of 
different dispersion processes: 
 
 The entry into the water column of the overflow (or screening) jet to form a dense 

plume of material; 

 The ‘dynamic plume’ phase whereby the plume accelerates downward under its 
own weight and accelerates horizontally due to the ambient current flow, 
entraining ambient water as it moves; 

 At some point the dynamic plume will either impinge onto the bed (if depths are 
sufficiently small and the density difference sufficiently large) where it forms a 
density current (which eventually mixes with the overlying waters), or the plume 
will become so dilute that it is no longer accelerated by its density (and form a 
passive plume directly); 

 The final phase where the plume (now termed ‘passive’) is mixed by turbulent 
diffusion and shear dispersion resulting from the action of the tidal flow boundary 
layer; 

 In addition less significant plumes can be formed near the bed from disturbance by 
the drag-head or at the surface as some of the main plume is trapped in the vessel 
wake or brought to the surface by air bubbles. 

 
This high-level assessment is interested in the three most important variables which 
affect the dispersion of the plume: the ambient current speed, the water depth and the 
rate of input of solids into the water column via the overflow (or screening) process. 
 
The nature of the sediment, i.e. the proportion of fine material in the overflow, is also 
important in terms of the dispersion of the plume and is represented when detailed site-
specific modelling is carried out.  It is not possible to consider the detailed make-up of 
the sediment in this high-level study.  It is conjectured that over the distances that 
plumes have been observed to disperse, the sand fractions (with the possible exception 
of very fine sand, i.e. diameter less than 120μm) would settle to the bed, and so in a 
sense, for this plume study, only the rate of release of the finest fractions is of interest.  
The proportion of silt in the in situ material dredged by aggregate dredgers is typically 
in the range 0-5% but the proportion of silt in the overflow tends to be significantly 
larger (up to ten times) as demonstrated by: measurements at several dredging areas 
undertaken by Hitchcock (1997); aggregate dredging companies at Hastings Bank 
(HR Wallingford, 1993, Resource Management Association, 2002); and 
HR Wallingford in the Eastern English Channel (2010). 

4.3 DISPERSION THEORY 

For the purpose of this assessment the plume dispersion process was characterised into: 
 
 The near-field mixing during the descent of the dynamic plume; and 

 The far-field mixing arising from the passive plume phase. 
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4.3.1 Near-field (dynamic) mixing 

The near-field mixing is a complex process which includes both turbulent and forced 
entrainment processes (Lee and Cheung, 1990), the influence of the ambient current and 
the potential for interaction with the propeller wash and ship wake.  These processes can 
be built into a numerical dispersion model (for example, Spearman 2003; 2005 and 
Appendix 1) but for this section it will suffice to consider the simpler analytical model 
of buoyant plumes in a cross-flow developed by Chu and Goldberg (1974).  This model 
states that, ignoring the initial jet momentum, the growth of the radius of the plume is 
given by: 
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where: 
b is the plume radius; 
x is the horizontal distance; 
ρ is the density of the surrounding seawater; 
Δρ is the density difference between the plume and the ambient water; 
V is the velocity of the overflow discharge at its exit point; 
D0 is the diameter of the discharge orifice; 
u is the ambient current speed; and, 
g is the acceleration due to gravity. 
 
Equation 1 shows that the radius of the plume arising from near-field mixing is reduced 
by a larger ambient current speed but increases with overflow discharge.  There is no 
obvious dependence of the near-field mixing on depth except that the near-field mixing 
will be reduced upon impact with the bed and therefore shallower depths may reduce the 
extent of mixing. 

4.3.2 Far-field (passive) mixing 

The far-field mixing commences when the plume no longer has sufficient density and 
momentum to induce mixing through its own motion.  The mixing now becomes a 
function of turbulent diffusion (caused by random fluctuations in current speed and 
direction) and shear dispersion (caused by parts of the plume encountering different 
current speeds).  If the plume has spread through the water depth, the longitudinal and 
lateral dispersion of the plume is proportional to the shear velocity, and hence the 
current speed, and the water depth (Elder, 1959, Fischer et al, 1979).  In this situation, 
therefore, the time taken to disperse to a given low value of concentration is inversely 
proportional to both current speed and water depth.  However, this basic result does not 
accurately describe the behaviour of the plume for two reasons: 
 
 Firstly, for a significant part of the duration of the plume dispersion, the plume has 

not expanded through the water depth.  The longitudinal and lateral dispersion of 
the plume in this case increases with the water depth (Fischer et al, 1979) and as 
result the time taken for the plume to disperse to background conditions increases 
with water depth. 

 Secondly, throughout the passive plume phase sediment settles out of the plume 
onto the bed.  The amount of sediment that can settle out in a given time increases 
as water depth reduces and therefore the time taken for the plume to disperse will 
tend to increase with depth. 
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4.3.3 Discussion 

The evidence from dispersion theory is that: 
 
 The time taken for the plume to disperse increases with water depth; 

 The initial mixing is reduced by the current speed which will also tend to increase 
the time taken to disperse; and 

 The distance, D, over which the plume disperses is equal to ut (where u is the 
current speed and t is the time taken to disperse). 

 
On this basis it is considered that the distance over which the plume disperses should 
increase with both current speed and depth.  In addition the time taken to disperse (and 
the distance over which the dispersion occurs) is a linear function of the rate of input of 
sediment (Fischer et al, 1979).  It is therefore postulated that the distance over which the 
dispersion of the plume occurs is, in general, proportional to the product of the current 
speed, the water depth and the sediment input, i.e.: 
 

MuhD           (2) 

where: 
D is the distance over which the plume disperses; 
u is the current speed; 
h is the water depth; and, 

M  is the rate of input of sediment into the water column. 
 
The rate of input of sediment is in general not well known but is the product of the 
discharge from the dredger and the sediment concentration in the overflow.  The 
concentration of the overflow is a function of the in situ sediment particle size 
distribution but because coarser fractions are more likely to settle in the hopper the 
overflow tends to contain an increased proportion of the finer fractions.  Moreover, on 
release from the dredger the remaining coarse particles will fairly rapidly settle out of 
the plume so that in the far-field only the finest fractions of clay/silt (and potentially 
very fine sand) remain in the plume.  Aggregate dredging is concentrated in areas where 
there is a low (0-5%) clay/silt content and so the sediment particle size distribution in 
the plume in the far-field is very similar.  For the purposes of this high-level study we 
made the assumption that the sediment contents of the far-field plume are sufficiently 
similar to be able to compare the results of field measurements from different areas 
without making detailed analysis of the in situ seabed and plume sediment contents. 
 
Since the rate of sediment input is proportional to the volumetric discharge of overflow 
from the dredger, which is principally a function of the pumping rate of the dredger, it is 
expected that: 
 

uhQD           (3) 

 
where Q is a typical pumping rate of the aggregate dredger. 
 
To derive the constant of proportionality in Equation 3 the available data from the 
literature presented above was used to plot the distance D over which aggregate 
dredging plumes have been identified against the product uhQ. The results are shown in 
Figure 3.  Figure 3 indicates the following: 



Anglian Offshore Dredging Association  
Marine Aggregate Regional Environmental Assessment: High-level Plume Study 
 

TN DDR4427-03 15  R. 2.0 

 There is considerable scatter in the data with no single relationship upon which the 
data collapses.  However, as the figure shows, an upper limit of plume excursion 
can be defined which is a linear function of uhQ.  Adopting this upper limit to 
define the equation between identifiable plume excursion and dredger/site 
characteristics satisfies the requirement for the simplicity associated with a high 
level study and enables a precautionary worst case approach to be utilised. 

 The data implies that the (upper limit of the) distance of identifiable plume 
excursion is not strictly proportional to the product uhQ and that there is a small 
intercept (equivalent to 173m).  This is acceptable as close to the dredger the 
mixing will display dynamic properties and may depart from the simplifying 
model adopted here, while in the far-field the D and uhQ appear essentially 
proportional. 

 The relationship derived for the upper limit of identifiable plume excursion is 
given in Equation 4 (See Section 4.4.1). 

 
The presence of scatter in the observed plume excursion is to be expected since any 
individual set of plume measurements will be undertaken under different conditions 
which may result in a lower plume concentration that the upper limit.  These conditions 
include: 
 
 the dredger not pumping at its full rate at the time of release of the plume; 

 the dredger pumping at a lower density (as at the start of loading) at the time of 
release of the plume; 

 the proportion of silt and fine sand in the dredged sediment being lower (this 
proportion will vary from dredging area to dredging area and even, potentially, 
within the same dredging area); 

 the movement of the dredger may vary creating different sorts of plumes: with the 
current, against the current or dredging while turning (which creates a wide 
plume); 

 the background suspended sediment concentrations may be higher making it harder 
to detect the plume against background.  

 
There are limitations to the application of Equation 4.  In particular, as the dredger 
pumping rate or water depth increases it is not true that the distance over which 
dispersion will occur can indefinitely increase.  At some point other physical 
constraints, such as the period of time over which current flow will be in one direction 
and the magnitude of such current flow, will become important.  In addition the 
equation can only apply to aggregate dredgers with ship-side overflow and screening 
since Equation 4 is derived solely on aggregate dredger data and the near-field mixing 
of hull-discharging dredgers is quite different.  However, as long as Equation 4 is not 
stretched beyond the range of data upon which it is based, it forms a useful and reliable 
basis for high-level evaluation of the extent of the dredging footprint. 

4.4 DERIVATION OF THE FINE SEDIMENT PLUME FOOTPRINTS  

4.4.1 Methodology 

The maximum distances over which plumes will disperse were scaled using Equation 4 
and the results of the measurements presented in Figure 3, i.e., 
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  173002760 .UHQ.Dmax        (4) 

 
where: 
Dmax is the upper limit of the distance over which the dredging plume disperses; 
u is the current speed; 
h is the water depth; and, 
Q is a typical pumping rate of the aggregate dredger. 
 
The distance and the direction of dispersion were calculated for points along the 
boundary of each Licence Area, for times throughout a spring tide, using current 
patterns calculated every 20 minutes (see Section 4.4.2).  Using the flow model 
information the path of each plume event was tracked and the point when the plume 
disperses into the background was derived.  This produced a large scatter of points.  The 
envelope of these points was taken as the footprint of plume dispersion from the Licence 
Area (see Appendix 1). 
 
It should be noted that the dredging pumps of most of the UK aggregate dredging fleet, 
regardless of the hopper capacity of the various dredgers, are broadly similar.  However 
there are one or two dredgers which can pump at significantly higher rates than the 
typical average.  Discussions with AODA resulted in the identification of the Arco Dijk 
as the dredger which currently pumps at the highest rate, pumping at discharges around 
70% higher than the typical dredger average (pers.comm., Rob Langman, Hanson 
Aggregates Marine Ltd, 2009).  The Arco Dijk forms the basis for the footprints of fine 
sediment plumes which are discussed and presented below. 
 
Footprints of peak concentration were also derived for peak (depth-averaged) 
concentrations of 20mg/l, 50mg/l and 100mg/l above background.  The footprint of 
these contours was derived by using the measured relative rate of decay of the plume 
shown in Figure 5 to describe the general decay of plumes with distance. 
 
The interpolation of the measurements, shown in Figure 5, indicates that the (upper limit 
of the) plume-induced increase in suspended sediment concentration falls to 100mg/l 
within approximately 7% of the distance at which the concentrations in the plume 
approach background concentrations, falls to 50mg/l within approximately 13% of the 
distance at which the concentrations in the plume approach background concentrations, 
and falls to 20mg/l within approximately 35% of the overall distance.  These results 
have been used in this study with one modification – that the 100mg/l concentration 
increase contour should be at least 100m from the point of plume origin. Figure 6 shows 
the results of measurements of suspended sediment concentrations with distance from 
the City of Rochester (hopper capacity: 1300m3) dredging (while anchored) at Owers 
Bank in August, 1995.  The measurements show that the high concentrations in the 
dynamic plume were not measured more than 100m or so from the dredger (and note 
that since the dredger was at anchor, this distance represents the distance from the plume 
origin also), but also that concentrations over 100m have reduced to the order of 10-
15mg/l.  The evidence of this field measurement exercise is that near-field mixing (with 
concentrations of 100mg/l or more) can extend up to 100m from the position of plume 
release. 
 
The footprints or envelopes of plume dispersion were calculated for the dredger with the 
highest pump rate currently being used in the AODA region, the Arco Dijk. 
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4.4.2 Results  

The following footprints were established: 
 
 The footprint over which the fine sediment plume raises suspended sediment 

concentrations above background levels, which can be interpreted as ‘no more than 
a few’ mg/l above background levels (Figure 7); 

 The footprint over which the fine sediment plume can raise suspended sediment 
concentrations by more than 20mg/l (depth-averaged) above background levels 
(Figure 8); 

 The footprint over which the fine sediment plume can raise suspended sediment 
concentrations by more than 50mg/l (depth-averaged) above background levels 
(Figure 8); 

 The footprint over which the fine sediment plume can raise suspended sediment 
concentrations by more than 100mg/l (depth-averaged) above background levels 
(Figure 8). 

 
However, ‘peak concentration’ contours, such as those presented in Figures 7 and 8, can 
give the reader the impression that such footprints represent the plume itself and not the 
‘envelope’ of the plume through throughout the dredging process.  To set Figures 7 and 
8 in context a snapshot impression of the plumes from dredging in three areas during 
ebb tide conditions is presented in Figure 9. Figure 9 shows that the at any given time 
the plumes cover a small area and areas of the plume at any time with concentration 
increases of over 50mg/l covering a smaller area still.  
 
Figure 8 shows the footprints over which the plume raises suspended sediment 
concentrations above background levels.  It can be seen that the envelope(s) of areas that 
will experience some change in concentrations typically extend up to 3km from the area 
of dredging.  The footprints related to the peak concentrations of 20mg/l, 50mg/l and 
100mg/l are shown in Figure 8 and are relatively close to the dredging area boundaries.   
 
The figure shows that the predicted increases in suspended sediment concentration, that 
will be experienced will be less than: 
 
 20mg/l above background at distances of greater than 1km from the dredging 

footprint; 
 50mg/l above background at distances of greater than 400m from the dredging 

footprint; 
 100mg/l above background at distances of greater than 200m from the dredging 

footprint. 

4.5 PLUME PERSISTENCE 

The measurements summarised in Chapter 3 indicate that plumes produced by aggregate 
dredgers dissipate to background conditions within 30-40 minutes of release.  Whether 
or not repeated plumes may be experienced at a given location depends on whether the 
dredger re-dredges a similar location on another pass. If repeated passes do not occur 
then a given location will experience concentration increases of those identified in 
Section 4.4 for less than 40 minutes per loading cycle (typically 24-36 hours).  If 
repeated passes occur then a given location may experience repeated concentration 
increases during loading which decline with time until the next pass.  Even in this case, 
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however, increases in suspended sediment concentration will only be experienced for at 
most a few hours in every 24-36 hour cycle. 
 
A number of species of ecological interest are not thought to be sensitive to changes in 
suspended sediment concentration unless they represent an acute change in background 
suspended sediment concentration (e.g., a change of 100 mg/l for a period of one month) 
(MarLIN, 2003).  For such species, the footprints of impact identified in Figures 7 and 8 
represent a significantly over-conservative assessment of impact with regards to fine 
sediment plumes.  

4.6 CONCLUSIONS 

The high-level plume study undertaken concludes that the predicted increases in 
suspended sediment concentration that will be experienced outside each of the proposed 
Licence Areas will be less than 20mg/l above background except when dredging occurs 
close to the boundary of the working dredging area.  Even when this does occur 
suspended sediment concentrations more than 50mg/l above background are only likely 
to be experienced within 400m of the Licence Area boundary and concentrations more 
than 100mg/l above background are only likely to be experienced within 200m of the 
active dredging area. 
 
These concentration increases will be experienced only while dredging occurs (and for a 
short time afterwards) and only in the streamline of the dredger.  As a result, for the vast 
majority of the time over the licensing period, at any given point in the study region 
there will be no increases in suspended sediment concentration above background 
levels. 
 
Even when concentration increases occur, which can be characterised as a few tens of 
mg/l above background levels, these concentrations are less than the increases which 
occur naturally as a result of variation in tidal conditions and waves (as detailed in 
Section 3.11). 
 
Although it is beyond the scope of this report to comment on the significance or 
otherwise of these conclusions for biology, it is clear that in purely physical terms the 
plumes resulting from the proposed dredging will have a minimal effect on suspended 
sediment concentrations within the study region. 
 

5. Description of flow model 

The tidal flow modelling carried out and described in this report has been based upon a 
previous and very detailed project known as Phase 2 of the Southern North Sea 
Sediment Transport Study (SNSSTS2) (HR Wallingford et al., 2002).  This project was 
carried out for a consortium of local coastal authorities, the Environment Agency, 
English Nature (now Natural England) and the British Marine Aggregate Producers 
Association (BMAPA). 
 
The outcomes of SNSSTS2 are presented in HR Wallingford et al. (2002), which is 
supported by 15 Appendices containing detailed information on various facets of the 
study (see http://www.sns2.org/theproject.html). 
 
The bathymetry for the regional model is presented in Figure 10.  The flow model used 
was based on the HR Wallingford Southern North Sea area model which extends from 
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north of Flamborough Head in the North Sea to Plymouth in the English Channel (see 
insert to Figure 10).  This is a 2D depth averaged flow model with the capability to 
simulate tidal and wind driven flows, wave action and sediment transport.  The model 
uses the TELEMAC finite element software developed by LNH-EDF of France. 
 
The regional flow model was run by supplying a time history of water levels along the 
two open boundaries – north and east in the North Sea and in the south-west approaches 
of the English Channel.  The water levels were determined from a harmonic analysis 
from primary ports and using published information from the national BODC (British 
Oceanographic Data Centre) database.  The flow model was calibrated against 
synthesised tide curves based on published tidal harmonics for stations along the coast, 
and against current measurements and information presented on tidal charts (tidal 
diamonds).  The validation is described in HR Wallingford et al (2002).  Typical current 
patterns and velocities for a spring tide in the area are shown in Figures 11 and 12. 
 

6. Summary of the literature relating to the 
dispersion of fine sand released onto the bed 
during aggregate dredging 

6.1 INTRODUCTION 

This chapter briefly describes field measurement studies relating to changes in seabed 
substrate, potentially resulting from the dispersion of fine sand released from aggregate 
dredging activity.  Only aggregate dredging studies in the UK are considered. 

6.2 AREAS 122/3 AND 351 

Areas 122/3 and 351 are located east of Bembridge, Isle of Wight, and thus are located 
within the Anglian Offshore region.  A number of field studies investigating the effects 
of dredging in these areas on the surrounding benthic community were undertaken in 
1999 & 2000 (Boyd and Rees, 2003; Hitchcock and Bell, 2004; Newell et al, 2004a).  
Peak current speeds in these areas are in excess of 1m/s and aligned in an approximately 
ENE–WSW direction (Hitchcock and Bell, 2004). 
 
Area 351 has been dredged exclusively by trailer suction hopper dredgers.  In contrast, 
Area 122/3 has been dredged almost entirely by static suction hopper dredgers, although 
a limited amount of trailer dredging has also been carried out since 1998.  Prior to 1991, 
very little was dredged from Area 122/3 but in later years annual extraction increased, 
peaking at around 140,500t in 1999 (pers.comm. A. Bellamy – cited in Boyd and Rees, 
2003).  Extraction rates are substantially higher from Area 351 than Area 122/3, with 
approximately 500,000t of sand and gravel being removed from the site in 1999 (Crown 
Estate records). Screening was not undertaken in either of these areas. 
 
A survey of benthic macrofauna at a total of 131 sampling stations in the vicinity of the 
North Nab Production Licence Area 122/3 was carried out in March 1999.  Additional 
samples were collected in September 1999 (Newell et al, 2004a; Hitchcock and Bell, 
2004).  The sampling stations were chosen to quantify the benthos both within the 
dredging areas and in zones potentially affected by deposition, as well as in control 
zones well outside any area of potential impact of dredging activity.  In addition, high 
resolution side-scan sonar and bathymetry was processed (Hitchcock and Bell, 2004).  
Following these activities, in June 2000 (Boyd and Rees) sampling of bed sediments 
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was undertaken along transects extending up to 5km (Area 122/3) and up to 2km 
(Area 351) from the areas of most intensive dredging. 
The conclusions arising from these studies were as follows: 
 
 Variations in the sediment substrate were found up to 1-2km from the point of 

dredging and consisted of a reduction in the degree of sorting of the sediment (a 
measure of how the different particle sizes of sediment are distributed) but the 
identified changes in benthic population were not found to be related to the 
sediment particle size distribution (Boyd and Rees, 2003, Hitchcock and Bell, 
2004). 

 Around the actively dredged area there is no evidence of development of sand 
ripples or other microtopographical features indicative of a localised sand transport 
path (Hitchcock and Bell, 2004). 

 It was concluded that, other than where sediments were physically disturbed by 
removal, the physical resources were largely unaffected, although there was some 
minor change in sediment characteristics (Hitchcock and Bell, 2004).  

 Newell et al. (2002), stated that “The results show that there was no suppression of 
species diversity, population density or biomass of benthic macrofauna outside the 
immediate boundaries of the dredged sites”.   

 
The lack of an identifiable relationship between the observed variations in benthic 
populations and the observed variation in sediment substrate, except at the dredged site 
itself, tends to suggest that the observed variations in substrate may not be a function of 
the dredging.  This conclusion is consistent with the fact that no screening had been 
undertaken at either of the sites (Area 351 and 122/3) and so the release and subsequent 
dispersion of fine sand onto the bed would be minimal. 

6.3 AREA 222 

The effects of dredging at Area 222 have been reported in detail by Boyd et al (2003; 
2005) and this section draws on these sources. 
 
Area 222 is located approximately 20 miles east of Felixstowe off the south east coast of 
England in water depths between 27m and 35m LAT.  The tidal ellipse in the region is 
aligned in a NNE–SSW direction and Boyd et al (2003) report that the maximum spring 
tidal current velocities reach 1.5m/s with a NNE near-bed residual. 
 
This site was first licensed for sand and gravel extraction on 16 December 1971.  
Historical records indicate that the annual rate of extraction peaked in 1974 at around 
873,000 tonnes.  Extraction was maintained at a somewhat lower level, but still in 
excess of 100,000 tonnes per annum, until 1995.  The site was last dredged in 1996, 
when approximately 12,000 tonnes was removed.  At this site, screening of the cargoes 
was carried out routinely. 
 
Samples for analysis of the macrobenthic fauna and sediment particle size were 
collected in June 2000.  A side-scan sonar survey was conducted in June 2000 to 
provide 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. 
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Evidence from the side-scan sonar survey suggested that the seabed in this area had 
been dredged outside Area 222 (without a licence) some time prior to the introduction of 
an automatic system for monitoring the location of dredging activity in 1993.  The area 
of disturbed seabed extended up to 1000m away from the northern limit of the 
extraction site.  Sediment transport features associated with the zone of out of area 
dredging appeared to extend up to 2500m away from the northern boundaries of the 
former extraction site (Boyd et al, 2003; 2005). 
 
On the basis of these studies it can be concluded that the identifiable zone, where the 
sediment substrate can be seen to be affected, can therefore be assumed to be in the 
range 1500-2500m from the point of dredging. 

6.4 AREA 430 

Area 430 is located in relatively deep water of 28-34m depth off the coastline of 
Suffolk.  The eastern part of the Licence Area was (in 2004) exploited for gravel using 
screening.  The total annual cargo loaded for the year May 2002 to April 2003, between 
two companies, was estimated to be around 490,000 tonnes based on a total of 
1,160,000 tonnes pumped and 670,000 tonnes returned to the seabed following 
screening (Newell et al, 2004b). 
 
In the winter of 2003/2004 a combination of studies (Andrews, 2004; Newell et al, 
2004b) investigated the effects of dredging at Area 430 on the sediment and benthos of 
the seabed.  The investigations found (Andrews, 2004) that a signature of more highly 
sorted material was traceable for up to 4km northwards (in the direction of the net 
sediment transport) from the dredging area. It was postulated that this signature was 
caused by screened material falling to the bed and being transported northwards.  
However, more detailed analysis (Analysis of similarity tests) undertaken on the particle 
size distributions of locations at increasing distance northwards from the zone of most 
intensive dredging indicated that changes in particle size distribution were only 
significant up to a distance of 1250m from the most intensive dredging zone (Newell et 
al, 2004b).   Any noticeable change to the sediment structure southward was contained 
within the Licensed Area which could broadly be said to be the southern limit of the 
area actually dredged. 

6.5 AREA 106 

This Licence Area is located in shallower water of 18-20m depth off the coastline of 
Lincolnshire.  Peak currents are in the region of 0.6-0.7m/s (Compass Hydrographic 
Surveys, 2004) and seabed transport is reported to be weak.  The average sand:gravel 
ratio of the resource is relatively high at 60:40, so a suitable gravel content in the cargo 
can be obtained by relatively light screening.  The total cargo loaded in the period May 
2002 to April 2003 was approximately double that at Area 430, amounting to as much 
as 1,160,000 tonnes.  The estimated tonnage of material rejected was 460,000 tonnes 
and the total tonnage of material pumped in the year was therefore estimated as 
1,620,000 tonnes.  Compared with Area 430, the rate of dredging was higher but the 
proportion of material screened and returned to the bed was less (28.6% at Area 106 
compared with 57.7% at Area 430). 
 
In the winter of 2003/2004 a combination of studies (Andrews, 2004; Newell et al, 
2004b) investigated the effects of dredging at Area 106 on the sediment and benthos of 
the seabed.  The investigations found (Andrews, 2004) that a signature of more highly 
sorted material was traceable for up to 450m northwards (in the direction of the net 
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sediment transport) from the dredging area.  As for Area 430 it was postulated that this 
signature was caused by screened material falling to the bed and being transported 
northwards.  However, more detailed analysis (Analysis of similarity tests) undertaken 
on the particle size distributions of locations at increasing distance from the zone of 
most intensive dredging indicated that changes in particle size distribution were only 
significant up to a distance of 250m south and north from the dredging zone (Newell et 
al, 2004b).   It was postulated that Area 106 had a reduced zone of significant substrate 
change compared to Area 430 owing to the weaker sediment transport in Area 106. 

6.6 AREA 408 

Area 408 is located approximately 100km east of the Humber Estuary.  The Licence 
Area has been dredged by trailer suction hopper dredgers since 1996.  The seabed 
sediments in the area comprise mixed sands and gravels.  Coarse sandy gravels occur 
mainly within the boundary of the Licence Area with fine well-sorted sands extending to 
the south-east of the dredged sites. 
 
The gravel content varies and so screening occurs to a varying extent across the site.  In 
2000 production was 290,000 tonnes (1999: 250,000 tonnes; 1998: 950,000 tonnes) and 
around 250,000 tonnes of this (85%) was estimated to be rejected through the screening 
process (1999: 205,000 tonnes; 1998: 510,000 tonnes) (Newell et al, 2002). 
 
In July and August 2000 a survey of benthic biological resources was undertaken in the 
vicinity of the Licence Area.  Further studies of the sediment transport and morphology 
of the sea bed (Coastline Surveys Europe Ltd., 2002) and of the sediment grab sample 
data (Evans, 2002) were undertaken subsequently and these showed that dredging and 
overboard screening may be associated with deposition of well-sorted fine sands and 
transport of these sands to the south-east of dredge sites within Area 408. 
 
In summary Newell et al (2002) stated, 
 

‘The zone of impact on benthic biomass extends for up to 500m to the north-west of 
the actively dredged site, but for as much as 2000-4000m to the South East.  This 
accords well with the net south-east dispersion of sediment from the dredge site 
established from tide and bedform evidence in the survey area’. 

6.7 ENGLISH CHANNEL 

Since 2008 a number of dredging areas in the Ester English Channel have been 
monitored to observe the effects of aggregate dredging on the substrate and biology.  
The monitoring has included baseline evaluation of substrate and biology and includes 
the monitoring of areas where all-in loading and screening have occurred.  To date, 
impacts arising from dredging have only been identified within the actively dredged 
areas (ECA and EMU ltd., 2010).  Further monitoring will be carried out to identify if 
and when change occurs outside of these actively dredged zones.   
 
The creation of bed forms arising from the release of sand to the bed from screening 
activity has also been monitored but has not been reported at the time of writing. 
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6.8 CONCLUSIONS 

6.8.1 Creation of bed forms 

The evidence from the studies identified above is that under some circumstances 
aggregate dredging can cause the formation of bed forms which have been observed to 
extend up to 1500m-2500m from the dredging area (Boyd et al, 2005).  For the purpose 
of this study the larger distance is assumed.  The evidence is that bed forms extend from 
the actively dredged zone in the direction of net sediment transport.  There is no 
evidence in the literature presented above of the creation of bed forms when screening is 
not undertaken. 

6.8.2 Changes in sediment substrate 

The evidence from the studies identified above is that changes in bed substrate can 
occur up to 4km from the actively dredged zone.  Typically such changes are reflected 
in the degree of sorting of the sediment and are usually only identifiable over much 
shorter distances.  Closer to the dredging zone the presence of enhanced proportions of 
sand may be identified. 
 
The changes to substrate are almost always in the direction of net sediment transport.  
Although changes in substrate have been observed in the direction of both ebb and flood 
tide, where the net transport is not as well defined (e.g. Area 106), the extent of 
substrate changes in other directions than the net transport appears to be limited to short 
distances (250m or less) from the zone of dredging. 
 

7. Development of an approach based on 
experience in the field 

7.1 INTRODUCTION 

The data derived from the field measurement studies summarised in Chapter 6 were 
used to produce a high-level methodology for predicting the footprint of the dispersal of 
fine sand from dredging areas.  However, these footprints are more difficult to 
characterise in the same manner as for fine sediment (see Figures 7 and 8) because there 
is more uncertainty in the prediction of the natural net sand transport in and around the 
dredging areas.  Additionally, in some of the areas considered, wave action could, 
potentially, contribute significantly to the sediment transport.  Therefore a simpler 
approach is used than that proposed for the fine sediment plumes, based on the evidence 
presented in Chapter 6. 
 
The maximum distance over which the effects of dredging have been shown to cause 
changes in the character of sediments on the seabed surface is 4km (Area 408, 
Section 6.6).  A conservative approach is therefore used which assumes that the 
footprint arising from fine sand dispersion will include the seabed up to 4km from the 
boundary of each Licence Area in the direction of the net sediment transport residual, as 
calculated on the basis of the local tidal current residual.  The method in which this is 
done takes account of the changes in the direction of local net sediment transport.  
Particles are released from the boundary of the defined dredging area (every 50m) and 
tracked for up to 4km always following the direction of local net sediment transport.  
The dredging impact footprint is then defined as the envelope of all the tracked particles.  
For locations with a very defined direction of net sediment transport the footprint will 
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stretch for 4km from the dredging boundary.  Where the net transport direction is more 
complex and not directed away from the dredging area the footprint of the dredging 
effect will be defined closer to the dredging area.  The dredging footprint of changes in 
substrate from fine sand dispersion is defined as the envelope of this dispersion of up to 
4km together with the area defined by a 250m border around the dredging area (to 
account for the small “upstream” effect described in Section 6.8.2). 
 
In addition the maximum distance over which the effects of dredging have been shown, 
or identified as the most likely candidate, to produce bedforms is up to 2.5km.  On this 
basis footprints of up to 2.5km from the boundary of each Licence Area in the direction 
of the net sediment transport residual were also derived. 

7.2 SEDIMENT TRANSPORT MODELLING  

The sediment transport modelling carried out and described in this report has been based 
upon a previous and very detailed project known as Phase 2 of the Southern North Sea 
Sediment Transport Study (SNSSTS2) (HR Wallingford et al., 2002).  That project was 
carried out for a consortium of local coastal authorities, the Environment Agency, 
English Nature (now Natural England) and the British Marine Aggregate Producers 
Association (BMAPA). 
 
Sediment movements in the southern North Sea influence the eastern English coastline 
through supplying or removing beach material, so it is important to understand these 
processes to improve our understanding of coastal evolution and hence be better able to 
predict and manage such changes.  More relevant to this study, understanding sediment 
movements is important in assessing the possible effects of proposed offshore aggregate 
dredging on the coastline or on other offshore developments or operations. 
 
Accordingly, SNSSTS2 was designed to provide a detailed appreciation and broad 
understanding of sediment transport along the eastern coastline of England between 
Flamborough Head in Yorkshire and North Foreland in Kent, on the south side of the 
Thames Estuary.  This study was undertaken between 2000 and 2002 by a research 
consortium comprising HR Wallingford, Cefas (Lowestoft Laboratory), the University 
of East Anglia, Posford Haskoning and an independent consultant, Dr Brian D'Olier. 
 
The outcomes of SNSSTS2 are presented in HR Wallingford et al. (2002), which is 
supported by 15 Appendices containing detailed information on various facets of the 
study (see http://www.sns2.org/theproject.html). 
 
The SNSSTS2 project developed a summary of the sediment transport pathways in the 
vicinity of the study area from a variety of published sources and modelling results.  The 
summary is shown in Figure 14.  The figure shows that in general fine sand released 
onto the bed will tend to move southward in the west of the Anglian region (towards the 
Outer Thames Estuary) and northwards in the east of the region joining the complex of 
banks off the north Norfolk coast or moving further north. 

7.3 RESULTS 

Using the flow model described in Chapter 5 the direction of net residual sediment 
transport for a mean spring tide was calculated for each point of the boundary of each 
Licence Area.  The locations 4km from each boundary point in this direction were also 
calculated.  The footprint of the fine sand dispersion was taken as the envelope of all 
these points together with the original boundary points.  The footprint is shown in 

http://www.sns2.org/theproject.html�
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Figure 13.  Also shown in Figure 13 are envelopes corresponding to 2.5km from the 
boundary of the dredging areas.  This 2.5km envelope corresponds to the footprint 
where bedforms could potentially be observed as a result of dredging, based on the 
published results of investigations for Area 222 (Boyd et al, 2003; 2005).  The 4km 
envelope corresponds to a larger footprint where changes in particle size distribution of 
the sediments on the seabed surface might be observed. The directions of sand transport 
from the dredging areas suggested in this figure agree with the characterisation of sand 
transport identified in the literature (Figure 14).   
 
The surficial sediments in the region of the proposed dredging areas of the East Coast 
Region based on British Geological Survey data are shown in Figure 15.  The figure 
shows that the vast majority of the dredging areas in the region are located in substrates 
which are predominantly gravel. However, site specific, more detailed data has shown 
that this gravelly sediment is generally overlain by a thin veneer of medium sand 
(Andrews, 2004) and further that there are isolated patches of sand waves and mega 
ripples throughout the area (Marine Aggregate Industry, 2009). 
 
Where there is indication of sand wave or mega-ripple fields or extensive overlying 
areas of sand, the footprints shown in Figure 13 will represent worst case conditions.  In 
those locations, the effects of the dispersion of fine sand, and hence any change in 
substrate, from the dredging process is likely to be reduced as the locally, naturally 
occurring active bedforms will tend to mask any bedforms that might have resulted from 
dredging and the presence of active fine sand will tend to mask any potential transport 
of fine sand from the dredging.  In those dredging areas it is reasonable to assume that 
there will be no discernible impact from sand dispersion.  This consideration would 
apply to the following areas: 
 
 Area 212 which is located on a sand wave field; 
 The eastern end of Area 494 which is located on a sand wave field (Marine 

Aggregate Industry, 2009); 
 Part of Area 360 which is located on a mega-ripple field; 
 The eastern extremity of Area 296 which is located on a sand-wave field; and, 
 The northern extremity of Area 328/1 which is located on a sand carpet; 
 Areas 202 and 254 which are located in the vicinity of sand waves and mega 

ripples. 
 
In other dredging areas the dispersion of fine sand may change the natural character of 
the seabed surface but the region as a whole is characterised by natural variation 
between sandy veneers and isolated sand wave or mega-ripple fields.  In this sense while 
there may be local physical changes associated with the local dispersion of fine sands 
from dredging activity, these physical changes will merely reflect the variation that 
occurs in the region as a whole.   

 

8. Potential for cumulative effects 

8.1 INTERACTION BETWEEN FINE SEDIMENT PLUMES 

Where any two or more of the proposed dredging areas lie close to one another there is 
the possibility (as shown in Figure 7) that plumes from dredgers in two adjacent areas 
might interact.  This event is not likely to occur very often simply because the chances 
of two dredgers, dredging in the relevant parts of adjacent areas so that plumes can 
interact with each other is likely to be relatively low.  In theory the interaction could 
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occur in two ways.  One way is where plumes, generated in different areas, meet and 
coalesce to form one larger plume.  The second way is for a dredger to be dredging 
within the plume generated by a dredger in a different area. 
 
For plumes that meet and coalesce, the physical laws of dispersion theory mean 
concentrations within the plumes are not additive but instead create a larger plume with 
similar concentrations to those of the separate plumes.  In this sense the peak 
concentrations resulting from dredging identified in Chapter 4 are not exceeded in areas 
where the plume footprints overlap.  Instead the peak concentrations will be experienced 
slightly more frequently in these areas over the lifetime of the licensing period. 
 
For plumes created by a dredger operating in the plume of (i.e. in the streamline of) 
another dredger the two plumes in this case would be additive.  However, for this 
cumulative effect to be significant it would require two dredgers (in different Licence 
Areas) dredging in each others streamline within 200m or so of each other which is 
likely to occur rarely, if at all, during the License Period. 
 
As a result of these considerations there is little potential for significant cumulative 
effects resulting from plume interaction between Licence Areas. 

8.2 INTERACTION BETWEEN DISPERSION OF FINE SAND FROM 
DIFFERENT LICENCE AREAS 

In order for cumulative effects to occur in the dispersion of fine sand it is necessary for 
the dispersion footprints to overlap in areas outside of a Licence Area.  Owing to the 
arrangement of the various License Areas, which essentially form a continuous area 
with very few “gaps”, any such cumulative effects can only occur around the edges of 
the dredging area as a whole. The exceptions to this are Areas 496 and 430 which are 
separated from the main dredging area and which Figure 13 shows do not interact 
cumulatively. 
 
With regard to the main dredging area Figure 13 shows that the only identifiable 
cumulative impact will occur to the north of the Areas 494, 296 and 212 and to a lesser 
extent to the north of Areas 202 and 254. Any cumulative impact is most likely to take 
the form of changes in substrate.  However, as noted in Section 7.3, Area 212 is located 
on a sand wave field. Figure 13 shows that the substrate to the north of Area 212 is also 
sandy.  Therefore it would not be expected to detect significant changes in substrate in 
this location and hence it would not be expected to detect cumulative impact in this 
Area.  Except for their eastern extremities, Areas 494 and 296 are not located in the 
sand wave field.  Cumulative impact could occur up to 1.5km to the north of these 
areas.  Areas 202 and 254 are also located in the vicinity of sand waves and mega 
ripples and hence no cumulative impact would be expected in this region either. 
 
On the basis of this high-level study it is not possible to infer the degree of (physical) 
significance of this cumulative interaction, but it is noted that the footprints identified 
are a maximum and the extent of any cumulative effect in practice will be less than that 
shown in Figure 13.  The potential significance of cumulative impact in this area will 
be identified in the MAREA. 
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9. Conclusions 

This report has examined the results of field investigations relating to the dispersion of 
fine sediment plumes and of fine sand dispersion caused by the release of material 
during aggregate dredging activities in UK waters.  For both mechanisms a 
methodology has been developed which gives a high-level assessment of the potential 
extent of the dispersion footprint, and of the peak concentrations likely to arise from the 
proposed dredging.  The results of the study are presented as a series of figures showing 
the geographical extent of the footprints. 
 
The predicted footprints of dredging plumes are conservative in nature being based on 
the dredger that is currently used in the AODA region which will give the greatest 
impact, and assuming that dredging will occur throughout the whole of each Licence 
Area.  The established footprints of fine sand dispersion are based on the greatest 
extents of impact that have been observed (and reported on) from dredging in UK 
waters. 

Conclusions regarding fine sediment plumes arising from dredging 
The high-level plume study undertaken concludes that the predicted increases in 
suspended sediment concentration that will be experienced outside each of the proposed 
Licence Areas will be less than 20mg/l above background except when dredging occurs 
less than 1km from the active dredging area.  Even when this does occur suspended 
sediment concentrations more than 50mg/l above background are only likely to be 
experienced within 400m of the Licence Area boundary and concentrations more than 
100mg/l above background are only likely to be experienced within 200m of the active 
dredging area. 
 
These concentration increases will be experienced only while dredging occurs and only 
in the streamline of the dredger.  As a result, for the vast majority of the time over the 
licensing period at any given point in the study region, there will be no increases in 
suspended sediment concentration above background.  Even when concentration 
increases occur, which can be characterised as a few tens of mg/l above background, 
occur, these concentrations are less than the increases which occur naturally as a result 
of variation in tidal conditions and waves.  It is beyond the scope of this report to 
comment on the significance or otherwise of these conclusions for biology.  However, it 
is clear that in purely physical terms the plumes resulting from the proposed dredging 
will have a minimal effect on suspended sediment concentrations within the study 
region. 

Conclusions regarding dispersion of fine sand 
The vast majority of the dredging areas in the region are located in sediments which 
have sandy gravel or gravelly sand.  In those areas it is possible that bedforms may be 
created from the fine sand and changes in substrate may occur.  Providing quantitative 
information about the resulting significance of bedforms and changes to substrate are 
not part of the scope of this study.  Instead, and appropriate to this high-level study, the 
literature has been analysed to identify potential footprints of fine sand dispersion of up 
to 4km (changes in substrate) and 2.5km (bedforms) which may arise from dredging; 
these are upper limits of potential dispersion based on experience in UK waters.  
However, some of the proposed dredging areas are located in areas of mobile sand and 
as such the effects of fine sand dispersion on the substrate in the vicinity of these areas 
would be expected to be minimal.  These areas are: Area 212, 202, 254, the eastern end 
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of Area 494, part of Area 360, the eastern extremity of Area 296, and the northern 
extremity of Area 328/1. 

Conclusions regarding cumulative effects 
Consideration of the potential for the interaction of fine sediment plumes between 
Licence Areas indicates that there will be no significant cumulative effects from this 
mechanism. 
 
Consideration of the potential for interaction of fine sand dispersion between Licence 
Areas identified the possibility for some interaction of the dispersion of sand to occur up 
to 1.5km north of Areas 494 and 296.  Other locations show indicate a possibility for 
interaction but because of the sandy nature of the local substrate any changes in 
substrate in these areas of interaction are expected to be minimal. 
 
On the basis of this high-level study it is not possible to infer the degree of significance 
of the cumulative interaction that has been identified.  The potential significance of 
those cumulative effects will be assessed as part of the MAREA. 
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Figure 1 Location plan showing study area and licensed dredging areas 
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Figure 2 Schematic figure illustrating movement of plume and dredger between release and 
measurement 
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Figure 3 Summary of field data relating to identifiable excursion of fine sediment plumes from 

aggregate dredging operations 
Data from East English Channel (HR Wallingford, 2010c), Owers Bank (HR Wallingford, 
1996) and Hastings (Cefas, 2001). 
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Figure 4 Summary of field data relating to measured increases in suspended sediment 
concentration in plumes from aggregate dredging 
Data from East English Channel (HR Wallingford, 2010c), Owers Bank (HR Wallingford, 
1996) and Hastings (Cefas, 2001). 
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Figure 5 Summary of field data relating to measured increases in suspended sediment 

concentration in plumes from aggregate dredging – data plotted against distance 
normalised by the distances shown in Figure 3 
Data from East English Channel (HR Wallingford, 2010c), Owers Bank (HR Wallingford, 
1996) and Hastings (Cefas, 2001). 
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Figure 6 Variation of measured suspended sediment concentration with distance from 
dredger, City of Rochester 21 August 1995 
Reproduced from HR Wallingford (1996). 



Anglian Offshore Dredging Association  
Marine Aggregate Regional Environmental Assessment: High-level Plume Study 
 

TN DDR4427-03   R. 2.0 

 

Figure 7 Predicted footprint of fine sediment plumes arising from proposed aggregate 
dredging 
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Figure 8 Predicted footprint of 20mg/l, 50mg/l and 100mg/l suspended sediment concentration 
increases arising from proposed aggregate dredging 
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Figure 9 Snapshot of typical plumes resulting from dredging at three areas on the flood tide  
Position of plumes highlighted by red ellipses. 
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Figure 10 Bathymetry and coverage of flow model  
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Figure 11 Predicted spring tide current patterns at peak ebb  
Figure shows current vectors and water depths in metres. 
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Figure 12 Predicted spring tide current patterns at peak flood  
Figure shows current vectors and water depths in metres. 
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Figure 13 Predicted footprint of fine sand dispersion arising from proposed aggregate dredging  
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Figure 14 Summary of sediment transport pathways in the Anglian area 

Taken from Figure 104 of HR Wallingford, 2002.  (Admiralty Chart 1408 shown).   
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Figure 15 Surficial seabed types in the vicinity of the Anglian Offshore dredging region 

Adapted from HR Wallingford et al, 2002, original source: BGS and The Crown Estate. 
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Appendix 1  Identification of the footpint of indirect 
impact 
 
The footprints of indirect impact for each area are defined by the boundary of the total area of all the 
particles released from the working zone (the area of direct impact) within a particular dredging area.  
This illustrated in Figure A1.1 below. 
 

 
Figure A1.1 Explanatory figure showing how the footprint of indirect impact is established 
from the plume model results 
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