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1 Introduction 
The Port of Waterford (PoW) is considering the future options for improving efficiency (technical and 
financial) of existing dredging operations.  To complement and inform this scope of works, the PoW has 
previously commissioned ABPmer to develop detailed estuary wide numerical hydrodynamic and 
sediment transport models.  These models are capable of replicating the present environmental 
conditions, in order to assess the physical effects of on-going port operations, including maintenance 
dredging and disposal.  
 
The previous modelling studies have been supported by the development of an estuary (conceptual) 
understanding.  This creates the baseline information related to the on-going estuary processes, trends, 
and physical characteristics, and has aided the subsequent interpretation of the field survey 
measurements and modelling results, in the context of the natural physical environment and client 
objectives.  The estuary (conceptual) understanding has been documented previously, in ABPmer 2017a.  
The model build, and calibration, has also been supported by an extensive survey campaign, which is 
described, along with presentation of the results, in ABPmer 2017b. 
 
The numerical models have been built using the Danish Hydraulic Institute (DHI) software package 
MIKE3FM (Flexible Mesh), which was developed by DHI for complex applications within oceanographic, 
coastal and estuarine environments.  MIKE3FM simulates the water level variation and three-
dimensional flows in the area of interest.  Additional modules have been implemented to assess dredge 
plume tracking and sediment transport processes throughout the estuary and the immediate offshore 
region.  The model development, calibration and validation are the subject of ABPmer 2017c. 
 
This report focusses on the characterisation of the dispersion of deposited dredged sediment at the 
licensed disposal ground situated at the entrance to Waterford Estuary within the Port of Waterford 
limits; see Figure 1 for location. 
 
The dredging and disposal operations within the Waterford Estuary have previously been assessed 
through numerical modelling by Deltares (Eysink et al., 2000 and Eysink et al., 2001). These studies 
applied a series of numerical hydrodynamic modelling tools, assessing the hydrodynamics, waves, 
sediment transport and longer-term morphology of the wider study area. Analysis of the range of 
activities associated with dredging and disposal works was assessed, over a range of tidal and (storm) 
wave conditions and for the range of in situ sedimentary conditions (ranging from silts to sands) at each 
dredge location. The assessments investigated the fate of increased suspended sediments during 
dredging and disposal operations and the longer-term evolution of a disposal mound under a range of 
wave conditions (calm, moderate and rough). 
 
The present study considers a series of full-dredge disposal operations, investigating the potential 
impacts on short-term suspended sediment concentrations and associated settling/ deposition. The 
modelling tools applied include the driving hydrodynamics and wave conditions associated with a 
defined storm event. The modelled sediment disposal includes the range of sediment components from 
the dredge sites (ranging from silts to sands), with disposal operations over both spring and neap tidal 
periods. Further detail on the assessment approach is provided in the following sections. 

1.1 Modelling objective 
The aim of this current study is to assess contemporary dredge disposal volumes from three locations 
within the estuary and review their potential impact on sensitive receptors in the vicinity of the disposal 
site (see Figure 1). The three areas from which dredge material is sourced are: 



Port of Waterford: Dredge Disposal    Port of Waterford 

ABPmer, December 2023, R.4322   | 2 

 Belview Quay (BV); 
 Cheekpoint Lower Bar (CPLB); and 
 Duncannon Bar (DC) 

 

 
Figure 1. Disposal site and timeseries extraction locations 

 

1.2 Model updates 
The present study provides a modelling assessment of the dredge disposal site, the dredge material 
sources listed above and the existing layout of channels and structures within the wider Waterford 
Estuary. 
 
Simulations of dredge disposal plumes have been assessed with current estimates of dredge quantities 
and a comprehensive set of sensitive receptors (provided by PoW and shown in Figure 1). Additionally, 
assessed storm conditions have also been updated with an indicative moderate storm generating a 
wave height of 3.5 m at the disposal site. Both these updates are discussed in greater detail in Sections 
4.3 and 4.2.1 respectively. 
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2 Disposal Site Location 
As shown on Figure 1, the existing disposal site covers an area of 800 m x 650 m (52 ha), in the centre 
of the entrance to the Waterford Estuary.  The site is located at depths between 18 m and 21 m below 
Ordnance Datum Dublin (ODD), north to south, with isolated depths that shallow to 15.8 m below ODD.  
This could be the result of a hard outcrop, or the deposit in the past of hard material, although this is 
unknown.   
 
Tidal flows within the disposal site are of the order of 0.5 m/s throughout the tide (ABPmer, 2017b), and 
it is exposed to significant wave activity, particularly during storms.  These characteristics are important 
in determining the dispersion characteristics of the disposal site. 
 
The field measurements (ABPmer, 2017b), and the subsequent flow patterns from the calibrated 
hydrodynamic flow model (ABPmer, 2017c), indicate that the tidal flow characteristics are typically 
uniform over the site.  Based on this assessment it is considered that the dispersion characteristics of 
the site can be established through modelling dispersion from the centre of the disposal site alone. 
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3 Dredge Sediment Characteristics 
As the bed sediment is dredged by Trailing Suction Hopper Dredger (TSHD), the material has the 
potential to ‘break down’ into its component particulate form as it passes through centrifugal pumps 
into the dredger hopper.  Little or no overflow occurs to bulk the load as this is relatively unproductive 
for the predominantly fine-grained material dredged, particularly from CPLB.  Although some 
consolidation would occur in the base of the hopper during transit to the disposal site, this is unlikely 
to ‘bind’ the material together to any significant degree.  At the disposal site, once the material is 
released, it will quickly settle to the bed beneath the keel of the dredger.  Sediment will be dispersed 
into the water column from the edges of the passive plume as it falls, due to flow advection and 
disturbance from the vessel propellers. 
 
As a worst case for dispersion, the material in this assessment is considered to be the size of the 
individual particles; however, some flocculation or aggregation of particles may also occur.  The vast 
majority of material will, however, pass directly to the bed within the passive plume stage.  Most of the 
dispersion will start near to the bed.  The proportion of sediment that is released to the water column, 
as the passive plume descends, will be highly variable between individual deposits; therefore, the actual 
contribution to the dispersion is unknown. 

3.1 Particle size 
To determine the particle size composition of the deposited material, an analysis of sediment size 
grading curves (particle size distributions) of bed samples, collected in the vicinity of three main dredge 
locations (Belview Quay, CPLB and Duncannon Bar), has been provided by PoW. 
 
A synthesis of these data indicates that the particle sizes representing the average d15, d50 and d85, 
from samples in the vicinity of each dredge area, would generally characterise the variation in bed 
sediments from each location.  These sizes, and the proportion of the sediment matrix they represent 
(along with the particle settling velocity used in the model), are given in Table 1. 
 

Table 1. Composition of released material dredged from Belview, CPLB and Duncannon 

Source / 
Parameter 

 Representative 
grain size 
(µm) 

Representative 
material type 

Distribution in 
release 
(%) 

Settling 
velocity 
(x10-3 m/s) 

Belview Quay 
(BV) 

d15 28 Silt 30 0.6 
d50 255 Medium sand 40 35.4 
d85 654 Coarse sand 30 88.5 

Cheekpoint Lower 
Bar (CPLB) 

d15 8 Silt 30 0.1 
d50 42 Silt 45 1.4 
d85 127 Fine sand 25 11.7 

Duncannon Bar 
(DC) 

d15 87 Very fine sand 20 5.8 
d50 137 Fine sand 70 13.4 
d85 224 Fine sand 10 29.6 
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4 Modelling 
The disposal site dispersion characterisation has been undertaken using the MIKE3FM Mud Transport 
(MT) module, using the hydrodynamics from the calibrated MIKE3FM HD model (ABPmer, 2017c and 
introduced above).  As seen in Section 3.1, the material deposited is predominantly relatively fine 
grained with a significant proportion of silt (circa 20 to 50 %). The material is, therefore, likely to have 
some cohesive properties, hence it is more appropriate for a mud model simulation as opposed to sand 
transport modelling. 
 
During a typical campaign, dredging occurs ‘around the clock’ at Duncannon Bar and Belview (with 
nighttime limits on dredging activity at Cheekpoint Lower Bar). Therefore deposits, in theory, could be 
made at any state of the tide and would potentially be undertaken on both spring and neap tides.  The 
model run scenarios have therefore been designed to determine the most probable worst-case 
dispersion, particularly with respect to the potential for recirculation of the sediment back into the 
Estuary. 

4.1 Model simulation scenarios 
Modelled disposal scenario runs are defined to provide a comprehensive understanding of the 
dispersion characteristics of the existing disposal site at the entrance to the Waterford Estuary from 
each of the three source locations (BV, CPLB and DC).  These scenario model runs were derived by 
assessing the field and modelled flow characteristics through the tide in the vicinity of the disposal site. 
The aim of the runs was to determine the worst-case extent and magnitude of dispersion of the dredged 
material associated with sediment releases, and to determine the potential for sediment recirculation 
back into the estuary.  The individual model run scenarios are summarised in Table 2. 
 
Model scenarios have been undertaken with deposits across the range of both spring and neap tides.  
The analysis of the flows showed there was little difference in the pattern of flow directions throughout 
the neap tide except that flow speeds were approximately halved.  The maximum dispersion potential 
would therefore occur on spring tides. On neap tides more material could be expected to accumulate 
at/near the disposal site that would have the potential to be dispersed on the following spring tides, or 
during the subsequent arrival of the peak storm wave. Consequently, whilst storm waves can be 
expected to enhance resuspension of bed material, the spring tidal flows are considered the primary 
mechanism for tidal dispersion of the deposited dredge material across the wider study area. 
 
As noted earlier, the flows across the disposal site are similar throughout the area; hence all model 
scenario runs have the sediment from the dredge disposal input to the model at the centre of the 
existing disposal site. 
 
Belview Quay, CPLB and Duncannon Bar are the main areas dredged, where the sediment composition 
is slightly different (see Section 3). 
 
All model runs also have a time-varying wave condition imposed over the model domain, which 
increases the potential for sediment disturbance, hence increases the dispersion potential. The 
reasoning for this is that the disposal site is in an exposed location and wave measurements in the 
vicinity of Duncannon Bar (ABPmer, 2017b) show that there is, for the most part, some wave activity 
occurring at all times, which would be larger at the disposal site. The wave event included in the model 
has been agreed with PoW and is selected to represent a typical 'storm' condition. These specific 
conditions are set out in Table 3, which provides the quantitative input information for the scenario 
runs. 
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4.2 Wave conditions 
As discussed above, a selected wave event has been applied within the disposal site model scenario 
runs, in order to include the potential for increased, wave-induced, dispersal of material. The derivation 
of the storm wave is provided below. 
 
The model run scenarios include a build-up of wave conditions across the start of the model run, with 
the peak of the storm wave timed to occur just after (4 hours) the last dredge disposal event. In this 
way, the full assessed dredge campaign (from each source location) is completed just prior to the storm 
peak, meaning the full disposal volume is potentially impacted by the storm wave. This is agreed with 
PoW and considered to represent a realistic worst-case scenario, accounting for (e.g.) operational limits 
on the dredging and disposal activities. 

4.2.1 Storm Conditions 

Storm conditions at the disposal site were reviewed using ABPmer’s inhouse SEASTATES simulated 
43-year hindcast wave conditions at the estuary mouth. Figure 2 indicates that the majority of waves 
originate between 165°N and 225°N. Wave heights exceed 2.5 m approximately 4.5% of the time and 
exceed 3.5 m approximately 2.8% of the time. These larger wave events are shown to only originate 
from southerly / south-westerly direction sectors. 
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Figure 2. SEASTATES hindcast wave conditions 

 

Table 2. Model disposal site scenario runs 

Run ID Tide for 
simulation 

Deposit 
Location within 
Disposal site 

Source of 
Material 

Wave Condition  Comment 

1a Spring/ Neap 
Cycle 
(full dredge 
campaign) 

Centre Belview Quay (BV) 

Timing of peak wave event to occur 
coincident with mean NEAP tide Simulation of effect from the peak of the storm event occurring just after 

disposal cycle has completed. 1b Timing of peak wave event to occur 
coincident with mean SPRING tide 

2a Spring/ Neap 
Cycle 
(full dredge 
campaign) 

Centre Cheekpoint Lower 
Bar (CPLB) 

Timing of peak wave event to occur 
coincident with mean NEAP tide Simulation of effect from the peak of the storm event occurring just after 

disposal cycle has completed. 2b Timing of peak wave event to occur 
coincident with mean SPRING tide 

3a Spring/ Neap 
Cycle 
(full dredge 
campaign) 

Centre Duncannon Bar 
(DC) 

Timing of peak wave event to occur 
coincident with mean NEAP tide Simulation of effect from the peak of the storm event occurring just after 

disposal cycle has completed. 3b Timing of peak wave event to occur 
coincident with mean SPRING tide 
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8.5 9.0 100.00 0.00
8.0 8.5 0.00 0.00 100.00 0.00
7.5 8.0 0.00 0.00 0.00 100.00 0.00
7.0 7.5 0.00 0.00 0.00 0.01 0.00 0.01 100.00 0.00
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0.5 1.0 0.14 0.10 0.11 0.09 0.11 0.14 0.21 0.31 0.42 0.47 0.53 0.60 0.74 0.83 0.82 0.89 1.02 1.15 1.42 1.74 2.59 4.29 5.19 4.03 2.35 1.44 0.99 0.58 0.39 0.29 0.27 0.25 0.21 0.17 0.17 0.17 35.23 46.16 53.84
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4.3 Definition of model dredge disposal inputs 
The dredge disposal operations have been implemented within the model scenario runs using 
information provided by PoW, relating to past dredging/disposal campaigns. For the present study, a 
series of ‘full campaign’ disposal scenarios have been assessed, aimed at investigating the realistic 
worst-case from disposal of a full dredge from each of the source locations. 
 
Model input parameters, as agreed with PoW, are provided in Table 3. Maximum disposal rates, as 
applied to the modelling tools, are from the Duncannon location at 42,994 m3/day (or 68,791 wet 
tonnes/day). 
 

Table 3. Model input parameters – full campaign release 

Representative Campaign CPLB DC BV 
Frequency (hrs) 2.88 1.75 4.07 

Assumed Max Dredger in Waterford (hopper m3)  5,500 5,500 5,500 

Hopper draft (m) 7 7 7 

Load Factor 0.51 0.57 0.42 

Number of Trips 30 52 7 

In situ density (t/m3) 1.5 1.6 1.5 
 
Accordingly, the ‘full dredge’ campaign scenarios take the total number of loads (per site), coupled with 
the total combined time to load, turn, transit, dump and return transit, to provide a timeseries of release 
events into the model. Deposits at the disposal site therefore occur for between 28 hours (from BV) up 
to circa 4 days (for a full dredge disposal from DC).  Model test runs are defined so that the disposal 
campaigns complete towards the peak of both spring and neap tides; therefore any potential variation 
in the subsequent storm wave coinciding with the typical tidal ranges can be considered.  The remainder 
of the model run period, after disposal stops, provides information on how the plumes develop and 
subsequently start to (or completely) decay back to background levels.  
 
As can be seen from Table 3, the actual dredge requirement varies considerably between campaign 
locations, particularly for the relatively low volumes disposed of from BV.  This variation may need to be 
accounted for in interpreting the model results.  

4.3.1 Wave disturbance conditions 

Figure 3 shows a selected timeseries of wave conditions from the ABPmer SEASTATES modelled hindcast 
dataset. In considering the ‘worst case’ for resuspension of disposal material, waves from the southerly 
/ south-westerly sector are the most likely to recirculate sediment, since these pass through the spoil 
ground and progress into the outer Waterford Estuary. 
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Figure 3. Agreed storm wave condition representing a ‘moderate energy’ storm (~ 12 storms 

per year) 

 
Table 4 shows the wave conditions that have been applied to the disposal model runs as indicated in 
Table 2. 
 

Table 4. Summary of timeseries wave conditions applied as input to the disposal scenarios 

Wave type Peak of Significant 
Wave Height Hs (m) 

Peak Wave Period Tp 
(s) 

Wave Direction of 
peak event (°N) 

Moderate storm event 3.5 7.8 200 - 230 

 
 
These wave conditions are applied to the mud transport model as a time-varying but spatially constant 
wave event, hence there is no representation of shallow water wave effects (shoaling, refraction, 
sheltering) within the model. In this way, given the wave conditions have been derived from the hindcast 
data at Duncannon, the model is considered to properly reflect the relevant wave influences at the 
disposal site and across the outer estuary. Upstream of Passage East, and also within the sheltered areas 
(behind Creadan Head, for example), the wave conditions applied to the model are likely to represent 
an overestimation of the actual wave climate, providing a ‘worst-case’ for bed agitation and 
resuspension as a result of wave activity. 
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5 Method of Results Presentation 
Sediment dispersal run model results have been extracted to show the extent of dispersion for both 
suspended sediment concentration (SSC) (excess concentration, above background) and the associated 
change in bed thickness, showing where accumulation of sediment (both temporary and permanent) is 
likely to occur. 
 
Two forms of output are provided to illustrate the modelled sedimentary dispersion effects of the 
individual proposed schemes.  These are: 
 

 Plan (map plots); and 

 Timeseries plots. 

 
Together, these forms of output present the spatial and temporal effects from each of the disposal 
scenario runs. The plan plots firstly indicate the overall extent of dispersal from the deposit ground and 
indicate the locations and magnitude where the maximum concentrations within the water column, 
along with accumulations on the bed, occur.  Further plots are produced of the actual modelled 
distribution at specific times following the end of the relevant release campaign.  These indicate how 
the sediment pattern evolves with successive tides and indicates the effects of sediment re-erosion or 
permanent accumulation. 
 
Timeseries plots have also been extracted, which illustrate the movement of sediment and the time 
‘signal’ of the plume evolution and bed thickness, at the agreed sensitive locations.  The extracted 
timeseries data reflect the evolution of the plume and its overall extent, with reference to specific 
strategic locations.  These individual extraction locations are shown in Figure 1, and on the various 
‘maximum extent’ map plots. 
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6 Plume Dispersion Modelling Results 
The model outputs for the listed scenarios are provided in the following Figures: 
 
Figure 4: Maximum SSC and maximum bed thickness for full dredge campaign from Belview Quay 

(BV), with peak of the storm wave coincident with a mean NEAP tidal range; 

Figure 5: Maximum SSC and maximum bed thickness for full dredge campaign from Belview Quay 
(BV), with peak of the storm wave coincident with a mean SPRING tidal range; 

Figure 6: Maximum SSC and maximum bed thickness for full dredge campaign from Cheekpoint 
Lower Bar (CPLB), with peak of the storm wave coincident with a mean NEAP tidal range; 

Figure 7: Maximum SSC and maximum bed thickness for full dredge campaign from Cheekpoint 
Lower Bar (CPLB), with peak of the storm wave coincident with a mean SPRING tidal range; 

Figure 8: Maximum SSC and maximum bed thickness for full dredge campaign from Duncannon Bar 
(DC), with peak of the storm wave coincident with a mean NEAP tidal range; and 

Figure 9: Maximum SSC and maximum bed thickness for full dredge campaign from Duncannon Bar 
(DC), with peak of the storm wave coincident with a mean SPRING tidal range. 

Figure 10: Instantaneous SSC and bed thickness at selected time periods between 2 hours and 
36 hours after completion of the disposal campaign from Duncannon Bar (DC), with peak 
of the storm wave coincident with a mean SPRING tidal range. 

 
In addition to the map plots listed above, timeseries outputs of excess depth-averaged SSC and bed 
thickness are also provided at Appendix A and B, respectively. 
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Disposal Scenario 1a: Full dredge campaign from BV; storm wave coincides with NEAP tide 

MAXIMUM SSC at any point in time during the modelled spring neap cycle 

 
MAXIMUM bed thickness at any point in time during the modelled spring neap cycle 

 
Figure 4. Maximum SSC and maximum bed thickness – BV (Neap) 
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Disposal Scenario 1b: Full dredge campaign from BV; storm wave coincides with SPRING tide 

MAXIMUM SSC at any point in time during the modelled spring neap cycle 

 
MAXIMUM bed thickness at any point in time during the modelled spring neap cycle 

 
Figure 5. Maximum SSC and maximum bed thickness – BV (Spring)  



Port of Waterford: Dredge Disposal    Port of Waterford 

ABPmer, December 2023, R.4322  | 14 

Disposal Scenario 2a: Full dredge campaign from CPLB; storm wave coincides with NEAP tide 

MAXIMUM SSC at any point in time during the modelled spring neap cycle 

 
MAXIMUM bed thickness at any point in time during the modelled spring neap cycle 

 
Figure 6. Maximum SSC and maximum bed thickness – CPLB (Neap)  
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Disposal Scenario 2b: Full dredge campaign from CPLB; storm wave coincides with SPRING tide 

MAXIMUM SSC at any point in time during the modelled spring neap cycle 

 
MAXIMUM bed thickness at any point in time during the modelled spring neap cycle 

 
Figure 7. Maximum SSC and maximum bed thickness – CPLB (Spring)  
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Disposal Scenario 3a: Full dredge campaign from DC; storm wave coincides with NEAP tide 

MAXIMUM SSC at any point in time during the modelled spring neap cycle 

 
MAXIMUM bed thickness at any point in time during the modelled spring neap cycle 

 
Figure 8. Maximum SSC and maximum bed thickness – DC (Neap) 
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Disposal Scenario 3b: Full dredge campaign from DC; storm wave coincides with SPRING tide 

MAXIMUM SSC at any point in time during the modelled spring neap cycle 

 
MAXIMUM bed thickness at any point in time during the modelled spring neap cycle 

 
Figure 9. Maximum SSC and maximum bed thickness – DC (Spring)  
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6.1 Full campaign from Belview Quay 
Results from the modelling shown in Figure 4 (peak storm wave coincides with mean neap tide) indicate 
peak excess SSC values of around 100 to 200 mg/l within the disposal site. Further afield, peak excess 
SSC values reduce with distance, with predicted values of around 20 to 30 mg/l in the outer Estuary, 
reducing to around 10 mg/l within a distance of up to 5 km to the east and west of the disposal site. 
Maximum excess SSC values of around 30 mg/l are predicted in the lee of Creadan Head. 
 
Associated changes to bed thickness indicate relatively little effect (noting the total disposal volume 
from Belview is relatively small (and of short duration) as compared to those from CPLB and Duncannon 
Bar. Maximum accretion of around 3 to 4 cm is predicted across the spoil ground, but the subsequent 
dispersal of material leads to accretion levels of less than 1 mm across the surrounding regions. 
 
Where the peak of the storm wave coincides with a mean spring tide (Figure 5), the larger tidal range 
(and faster tidal flows) result in a higher overall dispersion and lower relative maximum concentrations 
(when compared to the neap tide conditions). Peak concentrations at the disposal site are around 80 to 
100 mg/l (associated with the release events), but the magnitude and extent of the sediment plume 
across the wider region is more limited to the area around the disposal site and the outer parts of the 
estuary. Peak increases in SSC of up to 10 to 20 mg/l are predicted to extend around 2 km east and 
west of the disposal site, whilst peak concentrations in behind Creadan Head reach around 20 mg/l. 
 
Due to the generally higher flow conditions, material associated with the disposal plume from Belview 
is generally maintained in suspension, with little predicted bed accretion across the study area. Small 
areas of siltation of up to 2 mm are predicted towards the northern end of the main Duncannon Channel 
(off of Duncannon Strand) and further north towards Passage East. Across the remainder of the outer 
estuary and approaches, the deposit material from the Belview campaign results in maximum siltation 
of less than 1 mm. 

6.2 Full campaign from Cheekpoint Lower Bar 
Results from the modelling shown in Figure 6 (peak storm wave coincides with mean neap tide) indicate 
peak excess SSC values of around 200 to 300 mg/l in and around the disposal site. Further afield, peak 
excess SSC values reduce with distance, with predicted values of around 20 to 30 mg/l in the outer 
Estuary and up to 10 mg/l within a distance of around 10 km to the west and 2 km to the east of the 
disposal site. Maximum excess SSC values of around 80 mg/l are predicted in the lee of Creadan Head. 
 
Associated changes to bed thickness indicate relatively little effect (noting the material dredged from 
CPLB has a generally higher fines content as compared to those from Belview and Duncannon Bar and, 
consequently, is more easily maintained in suspension (rather than settling to the bed). Maximum 
accretion of around 2 to 3 cm is predicted across the spoil ground, indicating the existing tidal flows are 
typically sufficient to mobilise the newly deposited material. Across the wider study area, subsequent 
dispersal of material leads to accretion levels of generally less than 1 mm across the surrounding 
regions, with an area of maximum accretion of around 2 to 3 mm predicted to the west, offshore of 
Rinnashark Harbour. 
 
Where the peak of the storm wave coincides with a mean spring tide (Figure 7), the larger tidal range 
(and faster tidal flows) result in a higher overall dispersion and lower relative maximum concentrations 
(when compared to the neap tide conditions). Peak concentrations at the disposal site are around 
200 mg/l (associated with the release events), whilst the magnitude and extent of the sediment plume 
across the wider region is more limited to the area around the disposal site and the outer parts of the 
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estuary. Peak increases in SSC of up to 20 to 30 mg/l are predicted to extend around 2 km west of the 
disposal site, whilst peak concentrations in behind Creadan Head reach up to around 40 mg/l. 
 
As with the disposal from Belview (above), the generally higher flow conditions lead to material 
associated with the disposal plume from CPLB being generally maintained in suspension, with little 
predicted bed accretion across the study area. This is further influenced by the higher proportion of fine 
sediment in the dredge material from CPLB, which is slower to settle, and more easily retained within 
the water column. Under the spring tidal conditions, small areas of siltation of up to 2 mm are predicted 
to the west and southwest of the disposal site, whilst the upper part of the outer estuary (within the 
main channel around Duncannon Strand) shows predicted maximum sedimentation of around 8 to 
10 mm. Further north in the channel, towards Passage East, maximum siltation of around 4 mm is 
predicted. Across the remainder of the outer estuary and approaches, the deposit material from the 
CPLB campaign results in maximum siltation of less than 1 mm. 

6.3 Full campaign from Duncannon Bar 
The full dredge campaign disposal from Duncannon Bar gives the greatest predicted impact on SSC and 
accretion. 
 
Results from the modelling shown in Figure 8 (peak storm wave coincides with mean neap tide) indicate 
peak excess SSC values in excess of 400 mg/l in and around the disposal site. Further afield, peak excess 
SSC values reduce with distance, with predicted values of around 100 to 200 mg/l in the outer Estuary 
and up to 5 km to the west of the disposal site. Maximum excess SSC values of around 300 mg/l are 
predicted in the lee of Creadan Head. 
 
Associated changes to bed thickness indicate relatively little effect within the estuary itself, outside of 
the main approach channel through Duncannon Bar (where maximum accretion of 2 to 3 cm is 
predicted. Maximum accretion of up to 0.3 m is predicted across the spoil ground, and an area of 
predicted accretion up to 3 cm is shown around 4 km to the southwest. Offshore of Rinnashark Harbour, 
an area of accretion up to 2 cm is predicted but the wider dispersal of material leads to accretion levels 
of less than 1 mm across most of the outer estuary and the surrounding regions to the east. 
 
Where the peak of the storm wave coincides with a mean spring tide (Figure 9), the larger tidal range 
(and faster tidal flows, as noted above) result in a higher overall dispersion and lower relative maximum 
concentrations (when compared to the neap tide conditions). Peak concentrations at the disposal site 
are around 300 mg/l (associated with the larger volume of material assessed from Duncannon and, by 
association, more release events; see Table 3), but the magnitude and extent of the sediment plume 
across the wider region is more limited than that predicted under neap tide conditions. Peak increases 
in SSC of up to 20 mg/l are predicted to extend around 10 km west and around 3 km southeast of the 
disposal site, whilst peak concentrations in behind Creadan Head reach around 100 mg/l. 
 
The generally higher flow conditions under spring tides (compared with neaps) result in less material 
associated with the disposal plume from Duncannon settling to the bed across the study area. Maximum 
siltation at the disposal site is predicted to reach around 2 to 2.5 cm, whilst limited areas of siltation of 
up to 1 cm are predicted to the west and southwest of the spoil ground. Towards the northern end of 
the main Duncannon Channel (off of Duncannon Strand) and further north towards Passage East, 
maximum siltation of up to 2.5 cm is predicted. Across the remainder of the outer estuary and 
approaches, the deposit material from the Duncannon campaign results in maximum siltation of less 
than 1 mm. 
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Disposal campaign +2 hours Disposal campaign +6 hours 
Total SSC (kg/m3) Bed thickness (m) Total SSC (kg/m3) Bed thickness (m) 

    
Disposal campaign +18 hours Disposal campaign +36 hours 

Total SSC (kg/m3) Bed thickness (m) Total SSC (kg/m3) Bed thickness (m) 

    

  

Disposal release scenario 3b: 

 Full disposal campaign from Duncannon 

 Peak storm event coincides with spring tide 

Figure 10. Selected timesteps showing development of SSC and bed thickness following full campaign from Duncannon (Scenario 3b) 
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7 Discussion 
The model run scenarios described above have been designed to determine the most probable worst-
case dispersion of material from the disposal site, particularly with respect to the potential for 
recirculation of the sediment back into the Estuary. The application of an extreme storm condition also 
provides a worst-case impact on deposition and dispersion of material across the wider study area. As 
noted above, wave heights typically exceed 2.5 m approximately 4.5% of the time and exceed 3.5 m (the 
magnitude of the event modelled for this study) approximately 2.8% of the time. 
 
The selected timestep plots provided in Figure 10 show the instantaneous predicted increased SSC and 
bed sedimentation at a range of time periods after the end of the Duncannon disposal campaign. Rather 
than the overall maximum values provided in Figure 4 to Figure 9, these plots show how the disposal 
plume is predicted to develop, in response to the driving tidal and wave forcing conditions. Only the 
plume development from Duncannon is shown as the smaller disposal volume from Belview and the 
larger dispersion of the finer material from Cheekpoint Lower Bar results in overall lower instantaneous 
concentrations from these campaigns. 
 
The results of the instantaneous plume development indicate a peak concentrations of around 60 to 
70 mg/l in and around the disposal site. Across the wider region, plume concentrations above 10 mg/l 
are predicted to extend west to Rinnashark Harbour and east to Hook Head. In addition, a sediment 
plume with concentrations of up to 30 to 40 mg/l (above baseline) extends into the outer estuary, past 
Dunmore East and, for disposal campaigns from Duncannon, this plume extends further north, past 
Creadan Head and on towards Duncannon Strand. 
 
Associated instantaneous sedimentation plots are also provided in Figure 10. As discussed above, the 
relatively low volume of disposal material from Belview and the relatively higher fine sediment content 
of material dredged from CPLB result in generally limited siltation from these campaigns. Where 
material does settle to the bed (under slack water conditions around high and low tide), the subsequent 
peak flows are sufficient to remobilise the material and put it back into suspension for further dispersion. 
The influence of the storm event is also a contributing factor, providing added energy to the system 
and resulting in wave-induced bed shear stress, which further limits the sedimentation potential for the 
material in suspension. 
 
With a greater volume of deposited material, the results of the modelling for the Duncannon campaign 
(Figure 10) do reveal some settling of material to the bed. Initially (around 2 hours after the end of the 
disposal campaign), as the storm event builds towards its peak, bed accretion is generally limited. With 
greater time passing from the end of the campaign, and as the peak of the storm event passes and 
calmer conditions return (from both lower wave heights and with the tide moving away from the peak 
of the spring towards neap conditions), more settling of material is predicted. By 36 hours after the end 
of disposal, accretion of up to around 1 cm is predicted to the southwest of the disposal site and of 
around 0.7 cm further west towards Brazen Head. However, as is shown throughout the range of 
modelling scenarios undertaken, the peak flows associated with spring tidal conditions are sufficient to 
remobilise this material, indicating that the settling shown in Figure 10 will only be temporary until the 
next spring tide or until further storm conditions return. 
 
The temporal nature of the peak SSC and sedimentation values are also shown in the timeseries plots, 
at the sensitive locations, provided in Appendices A and B. These plots show the peaks in excess SSC 
values, which ‘spike’ for a short period of time as the plume passes the location, before dropping off as 
the plume moves away. This cycle continues as the disposal events are underway (and as the flood and 
ebb tides move material back and forth across the site). Once the disposals cease, the material in 
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suspension becomes continuously more dispersed and concentrations drop back to existing (baseline) 
levels. 
 
A similar pattern is revealed in the bed sedimentation timeseries (Appendix B), with peak siltation under 
slack water conditions whilst the plume remains active. The deposits are then periodically removed as 
the peak of the next tide resuspends the settled material. With ongoing dispersion across the 
subsequent tides (and following the end of disposal operations), the accretion typically drops to baseline 
levels. At all locations, the levels of peak siltation are predicted to be very small (typically <0.5 mm). 
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9 Abbreviations/Acronyms 
BSS Bed Shear Stress 
CPLB Cheekpoint Lower Bar 
Hs Significant Wave Height 
ODD Ordnance Datum Dublin 
SSC Suspended Sediment Concentrations 
TSHD Trailing Suction Hopper Dredger 
Tp Peak wave Period 
Tz Zero Crossing Period 
 
 
Cardinal points/directions are used unless otherwise stated. 
 
SI units are used unless otherwise stated. 
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A Appendix A: Timeseries of Depth-
Averaged SSC at Extraction Sites 

ID Depth-averaged suspended sediment concentrations (SSC) 
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B Appendix B: Timeseries of Bed Level 
Change at Extraction Sites 

ID Bed level change 
1 

 
2 

 
3 
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1 Introduction 
ABPmer has developed detailed, estuary-wide numerical hydrodynamic and sediment transport 
models for the Port of Waterford (PoW) to aid their Master Planning Programme and current marine 
operational requirements.  These models replicate the present environmental conditions within the 
estuary and can be used to determine any changes and effects on the marine environment resulting 
from future development and dredging operations.  The numerical model has been built using the 
Danish Hydraulic Institute (DHI) software package MIKE3 FM (Flexible Mesh).  The setup, calibration 
and validation of these modelling tools are reported separately (ABPmer, 2017). 
 
In order to maintain access for vessels to the berths at Belview and the independent O’Briens wharves 
(and also, onward to Waterford), PoW routinely require to carry out dredging and ploughing 
operations over Cheekpoint Lower Bar, near the confluence of the Rivers Barrow and Suir. This area is 
presently subject to siltation, which requires active intervention to maintain sufficient underkeel 
clearance for visiting vessels. As part of the PoW Master Planning Programme, schemes are being 
considered to help alleviate the siltation and thus reduce dredging commitment on PoW.  The current 
maintenance practice is to dredge with a Trailing Suction Hopper Dredger (TSHD), nominally three 
times per year (February/March, June and September/October).  The sediment is deposited at a 
licenced disposal site just off the entrance to the Waterford Estuary.  Between dredge campaigns 
ploughing/bed levelling is carried out to maintain the least available depth (LAD). 
 
Renewal of the dredge licence is required and the regulator has requested that an assessment of the 
dispersion of the sediment from the plough activity be assessed.  This technical note provides the 
results and assessment of dispersion modelling of a typical plough campaign. 
 
This report is structured as follows: 
 
Section 2: Background to the PoW ploughing campaign and derivation of model input 

parameters; 

Section 3: Model setup for the ploughing assessment; 

Section 4: Results of the plough assessment; and 

Section 5: Discussion of results. 
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2 Background 
To maintain the LAD of the channel for as long as possible between bulk sediment removal from 
TSHD campaigns PoW have introduced ploughing/ bed levelling operations over Cheekpoint Lower 
Bar. This bed levelling helps maintain sufficient depths for safe vessel access to the Belview berths and 
upstream parts of the Waterford Estuary. For renewal of the dredge licence the regulators 
(Environmental Protection Agency (EPA) and Department of Housing, Planning, Communications & 
Local Government (DHPLG)) have requested an assessment of the dispersion of sediment throughout 
the estuary from the ploughing activity.  
 
Information from recent ploughing campaigns at Cheekpoint Lower Bar has been analysed to 
determine a set of ‘realistic’ bed disturbance parameters from the plough operations, which can then 
be used within the numerical modelling to assess the dispersion effects.  This analysis indicates the 
plough effect is highly variable between campaigns.  The model input parameters have been derived 
to represent a realistic worst case with respect to potential for dispersion. 
 
The following sub-sections describe the normal plough operation, the sediment composition that is 
dispersed and determination of a realistic rate of plough induced sediment disturbance. 

2.1 Ploughing activity 

The current ploughing activity is undertaken by ‘dragging’ a 10 m wide bed levelling (‘box’) over the 
bed along the axis of the maintained channel and to either side.  On each track the box will disturb an 
average of circa 0.3 m of bed sediment to the lower levels of the water column where it is dispersed 
by the prevailing tidal flows.  The bed levelling is a near continuous process for the time period of 
operation with the ‘box’ dragged at a speed of circa 1.5 knots, (0.77 m/s) over the ground, with and 
against the tide on alternate tracks.  The track design is planned to cover the complete area to be 
maintained over each campaign. 
 
The current plough regime for each campaign is to undertake bed levelling on four consecutive days 
on spring tides (only), although a neap tide campaign was carried out in 2017 as an ‘emergency’ when 
weather conditions prevented the scheduled spring tide campaign.  The vessel works for 10.5 hours, 
between approximately 0745 hours and 1815 hours, on each day; therefore the bed sediment 
disturbance will occur at different parts of the tidal cycle, on both the flood and ebb tide, as well as 
slack water periods.  No disturbance occurs over the night time hours. 
 
Sedimentation is generally greatest to the south side of the river, outside the defined channel.  About 
35% of the plough time is concentrated in this area at the start of each campaign, with the rest of the 
time in the main channel and to the north.  Figure 1 shows a plot of the track coverage for a typical 
plough dredge campaign undertaken in July 2017.  As a result of this typical plough operation the 
sediment will disperse to different locations in the estuary, with the finest particles travelling furthest 
before resettling to the bed.  Depending on the location of settlement and the material characteristics 
relative to the bed shear stresses created by the tidal flows  it will either be re-eroded for further 
dispersion or will accumulate on the bed.  This process is likely to create differential sorting of the 
disturbed sediment. It is this dispersion from a representation of the plough operation that the 
numerical model has simulated. 
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2.2 Sediment composition 

As the bed sediment is disturbed by the plough the material has the potential to ‘break down’ into its 
component particulate form as it is suspended into the water column.  Some of the finer material 
(silt/clay) may remain cohesive and move as larger particles.  For the purpose of modelling it is 
however assumed that fine particles will occur i.e. the material disturbed will be broken down to its 
constituent parts.  Any modelling will therefore tend to overestimate the overall extent of dispersion 
within the estuary as the proportion of fines is likely to be over-represented. 
 
To determine the particle size composition of the disturbed material an analysis of sediment size 
grading curves (particle size distributions) of bed samples collected at the following locations (in and 
around the plough maintained areas), was undertaken:  
 

 Main navigation channel; 

 Main sedimentation area to the south of the channel; 

 Intertidal mud areas; 

 Kilmokea Point (Power Station Berth); and 

 Mid channel immediately up and down estuary of the ploughed area. 

 
A synthesis of these data indicated that three particle sizes would characterise the bed sediments that 
will be disturbed.  These sizes, and the proportion of the sediment matrix they represent, are given in 
Table 1. 
 

Table 1. Composition of released material for plough operation assessment 

Representative Grain 
Size (µm) 

Representative 
Material Type 

Distribution in Release 
(%) 

Settling Velocity 
(x10-3 m/s) 

16 Silt 30 0.16 
62 Silt/Sand 45 2.42 

129 Sand 25 10.04 
 
Data from 1989 and 2017 were used in this analysis, and showed that there has been little change in 
the sediment composition over time. 

2.3 Sediment disturbance rate 

For modelling of the dispersion from the plough dredging it is necessary to calculate a disturbance 
rate (kg/s dry solid) to be input to the model during the plough operation.  For this analysis the effects 
of plough campaigns undertaken in January and February 2017 (on spring tides) and July 2017 (on a 
neap tide), were analysed along with siltation rates calculated between surveys when no ploughing 
was occurring from 2016. 
 
From these records the spring and neap tide average accumulation rates in the area limits of the 
plough campaigns were 1,371 m³/day and 580 m³/day, respectively.  The results of the ploughing in 
volumetric terms was, however, highly variable between campaigns.  This is due to the on-going 
sedimentation rate at the time, the actual tidal range, weather conditions prior to and during the 
ploughing and the proportion of time at various flow rates and tide directions during the operation.  
These will all differ between individual campaigns. 
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Analysis of the various available volumetric evidence suggest that, allowing for potential 
sedimentation that would have occurred during the period of plough disturbance, a realistic rate of 
disturbance would be in the range of about 1,100-1,700 tonnes dry solid per day.  Based on a 
continuous working time of 10.5 hours per day, this equates to a disturbance rate of 29-44 kg/s. 
 
For the modelling to provide a realistic worst case of the dispersal effect of the ploughing, the higher 
rate of 44 kg/s has been used as input to the model simulation along the plough track. 
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3 Plough Model Setup 
The plough disturbance model simulation has been undertaken by using the data from the calibrated 
MIKE3 FM hydrodynamic model to run the MIKE3 MT (Mud Transport) model, in de-coupled mode.  
Within this model, the background suspended sediment concentrations were not included; therefore 
all results presented are in the form of ‘above background’ (concentrations) or ‘in addition to 
background’ for change to the bed thickness.  In this mode the effects attributable to the plough are 
directly determined, although interactive effects with the background sediments in the system are not 
accounted for. 

3.1 Plough track release location 

Track plots from the recent ploughing campaign (July 2017) have been provided by PoW, and are 
shown in Figure 1. These tracks show the coverage of the ploughing activity over four consecutive 
days between 14 and 17 July 2017. The general extent of each day’s activity has been defined in the 
model by a series of ‘plough boxes’, which combine to provide a representation of the overall extent 
of ploughing activity for the July 2017 campaign. This campaign area is typical of the current working 
practice. 
 
The combined extent has then been used to define the input locations for the release of disturbed 
material within the model. In Figure 1, the purple lines define the northern and southern limits of the 
ploughing activity, with two further tracks defined at equidistant points in between. These four 
‘Plough assessment tracks’ have then been used as input coordinates for the plough assessment 
model, providing sediment disturbance inputs covering the full lateral extent from which sediment 
dispersion occurs. The inputs also represent the varying flow conditions across the estuary and at the 
up- and down-estuary ends of the ploughed area. 
 
In the vertical plane, the disturbed material is released into the water column at a constant height of 
1 m above the bed. This level has been defined by the type of ploughing equipment utilised, and the 
associated expected release height of the disturbed sediment. 

3.2 Release duration 

As discussed, the current plough operation for each campaign is based on a 12 hour daytime shift.  
Allowing for transit time to and from the Cheekpoint Lower Bar area this results in the working 
window of 0745 through to 1815 each day (totalling 10.5 hours of continuous ploughing activity per 
day).  This work pattern is planned usually over four consecutive days of a spring tide each campaign.  
 
In the model this is simulated for the exact times for four consecutive spring tides, with tidal ranges 
varying between 3.8 and 3.9 m, close to the mean spring tide range of 4.0 m at Cheekpoint.  No 
disturbance is input to the model outside these times. On each day, sediment is released into the 
model as a moving input, back and forth along each of the tracks shown in purple on Figure 1, and at 
a nominal speed of 1.5 knots.  The southern track is run on Day 1, with the track moving northwards 
on successive days. On each day the track starts in the west and takes 20 minutes to pass through the 
length of channel before returning on the same alignment.  On completion of the simulation of the 
ploughing activity the model is then allowed to run-on for a further 8 days of simulation time, to 
assess the subsequent fate of the disturbed material as it settles, and is then allowed to be re-
suspended (should flow induced bed shear stresses be sufficient at the individual locations), on 
subsequent tides. 
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3.3 Release rate 

Section 2.3 details the calculation of the sediment release likely attributable to the plough activity.  As 
noted, this is likely to be highly variable.  For the purpose of modelling, the higher rate calculated 
(representing a ‘realistic worse case’) has been used, in order to model the likely highest sediment 
dispersion in the estuary.  Consequently, a constant sediment release rate of 44 kg/s has been used 
throughout the period of ploughing activity, inserted into the model 1 m above the bed.  In reality the 
rate will vary considerably.   

3.4 Composition of released material 

Table 1 shows the particle sizes that are considered to characterise the sediments likely to be 
ploughed at Cheekpoint Lower Bar (as defined in Section 2.2).  The sediment disturbed in the model is 
simulated by the three sediment fractions, their respective proportional contributions within the 
sediment matrix, and the calculated settling velocities of individual particles (without consideration of 
flocculation processes).  

3.5 Deposition and erosion 

Within the numerical model, controls on the rate of deposition and erosion are provided by setting a 
series of bed shear stress (BSS) thresholds, as described below. 
 
When BSS is below the threshold for deposition, material in suspension is able to settle to the bed (at 
the rate defined in Table 1, above), increasing the thickness of material on the bed.  The model is not 
run in morphological mode; therefore there is no feedback provided to estuary hydrodynamics.  
However, the small amount of sediment released in the model, and the resultant change in bed level 
due to settlement, will be small compared to the depths in the estuary; therefore any error due to this 
simplification will be negligible.  As sediment settles to the bed local suspended sediment 
concentrations (SSC) will be reduced.  Conversely, under conditions where the BSS is above the 
defined deposition threshold, material is maintained in suspension and transported around the 
estuary in accordance with the variation in the hydrodynamic flows. 
 
When BSS is above the threshold for erosion, material on the bed is able to become re-suspended, 
and entrained back into the water column, increasing the SSC.  Under conditions where the BSS is 
below the erosion threshold, settled material is maintained on the bed. 
 
There is a range of recommended values for these thresholds (derived from both theoretical and 
practical experiments). Ultimately, the choice of deposition and erosion thresholds is one of the 
primary calibration parameters.  
 
Within the present study, the sediment is considered to be freshly laid-down, cohesive mud with little 
time for consolidation.  On this basis a low bed shear stress for erosion of 0.3 N/m² has been used in 
the model. In reality this value will also vary between locations and with the particular sediment 
composition.  This value, however, is considered a realistic average figure.  The threshold at which 
settling from flowing water occurs has been set to 0.1 N/m², which the literature indicates to be not 
unreasonable for generally fine-grained, cohesive material.  At BSS values between the defined 
thresholds, the sediment remains in the water column (as SSC), without transfer to or from the bed. 
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3.6 Initial conditions 

Within the plough assessment model, initial conditions of SSC and bed thickness are both set to zero 
(i.e. there is no material within the model at the start of the simulation, and the only material released 
is that representing the ploughing operations). 
 
In this way, the results of the assessment provide a prediction of the fate of the ploughed material 
only. Model outputs of SSC are showing values above background (rather than total SSC), whilst 
model outputs of bed thickness show only the settling of the ploughed material (without taking 
account of any sediment transport processes affecting bed material from the rest of the model 
domain). 
 
The initial extent of the dispersion is also maximised by undertaking the plough simulation over the 
spring tides.  
 
The modelling assumption is that this settled material is then mobilised by the ploughing activity, to 
return the bed level to the maintained depth. The model simulation has also assumed a bed wet 
density of 1,300 kg/m³ (and equivalent to a dry density of 448.46 kg/m³) for the calculation of the 
thickness of the settled layer on the sea bed. 
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4 Plough Model Results 
Timeseries of the modelled outputs for SSC and sedimentation have been extracted at a number of 
interest locations; defined by areas predicted to be accretionary, along with strategic locations of 
interest. The extraction locations are shown in Figure 2. 
 
These timeseries, for each of the 16 locations, are shown in Figure 3 to Figure 18. Within each figure, 
the tidal signal from Cheekpoint is provided, in order to illustrate the tidal state related to the plume 
information. Separate plots are then provided for SSC, sedimentation and bed shear stress. Each plot 
starts at the beginning of Day 1 of ploughing operations, and runs on to the end of the simulation 
period, approximately 8 days after the cessation of ploughing operations on Day 4. 
 
These timeseries plots illustrate the peak values of SSC and sedimentation, at each location, and also 
provide information on the duration over which these peak values can be expected to occur. 
 
In addition to the timeseries plots at selected locations of interest, a series of map plots are also 
provided, showing the spatial extent and magnitude of predicted SSC and sedimentation over the 
days following the ploughing campaign. These results are shown in Figure 19 to Figure 23, and cover 
the period from ‘Plough +0 days’ (Figure 19, immediately after the end of ploughing on Day 4 of 
operations), with daily results provided on each subsequent figure, up to ‘Plough +4 days’. 
 
The map plots show how the spatial extent, and magnitude, of sedimentation and SSC varies over the 
days immediately following the plough campaign, as the estuary approaches neap tidal conditions. 
Each figure shows the predicted peak sedimentation over slack water (generally on or around HW and 
LW tidal conditions) and the peak SSC (above background) during the intervening ebb and flood tide. 
 
A detailed discussion is provided in Section 5, but in general, the following observations can be made 
about the plough assessment results: 
 

 Peak SSC values are observed in the immediate vicinity of the ploughing operations; 

 Ploughing operations begin during a flood tide, resulting in material being transported, in 
suspension, up-estuary towards Little Island; 

 Relatively little material is transported into the River Barrow; 

 During slack-water periods, material settles out to the bed, before some is resuspended 
during subsequent ebb/flood tides; 

 Ploughed material is generally pulsed through the system, over an area between Little Island 
and the deep channel just downstream of Cheek Point; 

 Relatively small amounts of material are transported upstream or downstream of these limits; 

 The intertidal areas between the groynes on the southern bank act as a sink for ploughed 
material; 

 Following cessation of ploughing operations, the level of intermittent peak SSC through the 
wider Cheekpoint area reduces to a level of less than 10 mg/l within a period of around 
4 days; and 

 Material deposited to the bed is subject to resuspension during spring tides, but not on neap 
tides. 

 
The results of the plough assessment are discussed further in the following section. 
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5 Discussion 
The discussion of the plough assessment outputs initially describes the general extent of dispersion, 
along with indicative magnitudes of effect. Subsequently, a more detailed description of the results 
(and the influencing processes) is provided for sub-sections of the estuary. 

5.1 General extent of dispersion 

Numerical modelling of the dispersion of sediment from a plough campaign (representative of a 
‘realistic worst case’ scenario, with respect to dispersion of sediment around the estuary) has been 
undertaken. Outputs have been selected to show the change in distribution with time, at daily 
intervals for four days following completion of the plough campaign (Figure 19 to Figure 23). After 
this period (‘Plough +5 days’ onwards), suspended sediment concentrations throughout the estuary 
(and attributable to the plough campaign) are reduced to below 10 mg/l above background; therefore 
outputs from this period have not been presented. 
 
These map plots of SSC distribution show a ‘snap-shot’ in time; different distributions will result for 
different times within the tide. To account for this variability and to make the plots comparable (to 
enable an assessment of the decay in effect from the plough operations to be undertaken), the 
following distribution plots are presented at daily intervals: 
 

 Sedimentation (thickness change on the bed) over slack water on HW; 

 Sedimentation over slack water on LW; 

 Peak SSC during the ebb tide (generally taken at, or around, HW +2); and 

 Peak SSC during the flood tide (generally taken at, or around, HW -4). 

 
The sedimentation plots represent the maximum bed accumulations (and lowest suspended sediment 
concentrations within the water column), whereas the SSC plots are shown at the times of high flood 
and ebb flows (and therefore representative of the maximum SSC in the water column). 
 
The maximum extent from all plots indicates that sediment is dispersed throughout the estuary 
system. The vast majority of this material moves in an up-estuary direction, within the areas 
predominantly between Cheek Point and Little Island. The down-estuary extent of main effects is 
predominantly carried to the area up-estuary of Buttermilk Point, and particularly within the deep off 
Cheek Point itself. The results indicate that the majority of the disturbed sediment is 
retained/incorporated into the background within these areas and available for resettlement back into 
siltation areas over a longer timeframe. 

5.1.1 Effect immediately after plough disturbance 

The greatest extent of effect is observed immediately following the completion of the plough 
campaign. Figure 19 (at the end of the plough disturbance), shows that: 
 

 Near-bed SSC values are almost everywhere higher on the flood tide, compared to the ebb; 

 Focal points are evident, where the disturbed sediment is concentrated by the flows, ‘collects’, 
and is then re-eroded (i.e. temporary stores), and others which continually accrete (i.e. ‘sinks’); 

 Temporary store locations include: 
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o The deep pocket around Cheek Point, particularly towards the western edge; and 
extending across the slope from Cheekpoint Lower Bar, in the direction of 
Drumdowney Point. This ‘extension’ of the main area is immediately at the edge of 
the area that has accreted as a result of the construction of the groynes in the 1990’s. 

Figure 19 shows concentrations through this area in excess of 1,000 mg/l on peak 
flood flows, but which are considerably less on ebb flows. Sediment from the plough 
disturbance is also shown to deposit with depths of up to 0.04 m over LW in this area 
and, to a lesser extent, within the deep channel through Carters Patch. It is possible 
that this, in reality, would be a layer of fluid mud in the base of the pocket. 

This accumulation is shown to be re-eroded during the flood tide, to the extent that it 
is completely removed at HW. The deep pocket therefore acts as a temporary store of 
sediment. The flood tide erosion of this material will add to the SSC that is being 
transported through the area from down-estuary on the flood tide; 

o Two locations on the edge of the deeper channel both to the north and south of the 
Cheekpoint Upper Bar, which join together across the estuary opposite the northeast 
end of Belview Quay. 

Peak flood tide concentrations, as a result of the plough disturbance, are generally up 
to 1,000 mg/l, but are considerably lower on the ebb. Around these locations, 
sedimentation of up to 0.02 m is evident across the width of the estuary at LW. 
During the flood tide, the sediment through the centre of the reach is re-eroded but 
accumulations remain over the shallows on either side of the estuary; 

o A further area where sediment appears to concentrate is the confluence of Queen’s 
Channel and King’s Channel, around Little Island. Here, the concentrations are highest 
on the ebb tide at the exit of Queen’s Channel. 

Accumulations of sediment on the bed are evident during the HW and LW slack 
period, particularly over the ‘bar’ at the entrance of the King’s Channel at HW, whilst 
the Queen’s Channel has been flushed of sediment (except over the shallow intertidal 
at the edges). 

 Sink locations (i.e. areas of net accretion) include: 

o Around the edge of the intertidal and shallow intertidal to the south of the channel at 
Cheekpoint, particularly the channel edge outside the entrance to Cheekpoint 
Harbour. This is primarily the area of siltation from natural flows; 

o The shallower areas either side of the estuary, along the Cheekpoint Upper Bar 
channel, and particularly the down-estuary end of the Belview Quay; 

o The east side of the estuary opposite the Belview Quays; and 

o The intertidal areas near the confluence with King’s and Queen’s Channel, especially 
the entrance to Woodland Pill, up-estuary of O’Briens Wharf, and in the lee of the 
training wall from Little Island. 

 
In these areas, accumulations of up to 0.1 m generally build up quickly, whilst plough disturbance is 
being undertaken, and then increase more slowly with time. Little change is seen to occur between 
3 and 4 days following the dredge, when sediment concentrations in the water column, as a result of 
the plough disturbance, have significantly reduced. This is illustrated by the small differences in the 
comparative plots presented in Figure 22 and Figure 23. 
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5.2 Effect across estuary sections 

The results of the plough assessment identify three general sections of the estuary, where effects are 
observed. These areas (defined by the influencing process, the relative magnitudes and extents of 
predicted effect) are described further in subsequent sections of this report, and are broadly defined 
as: 
 

 Down-estuary of Cheek Point to Buttermilk Point; 

 The confluence area, between Cheekpoint Harbour, Barrow Bridge and Snowhill Point; and 

 Up-estuary of Snowhill Point to Little Island. 

 
Outside of these areas (downstream of Buttermilk Point, upstream of Barrow Bridge and upstream of 
Little Island) the predicted effects of the plough are considered negligible. Example results for these 
areas are shown in the timeseries plots at River Barrow (Figure 11) and Passage East (Figure 15). 
 
Upstream of Barrow Bridge (Figure 11), peak SSC values are less than 130 mg/l (above background), 
and, more generally, are less than 50 mg/l. Peak values persist for a very short period of time (around 
10-20 minutes) during the flood tide, as (some limited) material from the plough disturbance is carried 
upstream into the River Barrow. SSC levels have dropped to less than 10 mg/l (above background) 
within 3 days of the end of plough disturbance. Levels of sedimentation, as a result of the plough 
disturbance, are considerably less than 0.001 m. 
 
At Passage East (Figure 15), peak SSC values of up to 60 mg/l (above background) are predicted 
around LW conditions, resulting from material being brought downstream, from the plough 
disturbance, on the ebbing spring tide. Peak SSC values are only evident in single spikes (i.e. for a 
period of 10 minutes), before the turning tide moves the material back upstream towards Cheekpoint. 
Outside of the peak spikes (associated with erosion of settled material on the early flood tide), SSC 
values at Passage East are generally less than 20 mg/l, reducing with time to less than 10 mg/l within 
3 days of the end of plough disturbance. Associated levels of sedimentation at Passage East, as a 
result of the plough disturbance, are considerably less than 0.001 m. 
 
As a result of the negligible magnitude of effect, these areas are not considered further within this 
discussion. 

5.2.1 Cheek Point to Buttermilk Point 

Within this area, the map plots (Figure 19 to Figure 23) show the greatest effects of the plough 
disturbance occur in the deep pocket off of Cheek Point, but smaller changes are evident elsewhere in 
the reach. These effects have been considered using timeseries analysis at four locations. 

Carters Patch 

Locations 14 and 15 (Figure 16 and Figure 17) show the variation in effects between the main flood 
channel and the adjacent bank at Carters Patch (see Figure 2 for locations). Locations 7 and 16 
(Figure 9 and Figure 18, respectively) are representative of the conditions in the vicinity of the shellfish 
beds to the west and east of the reach. 
 
Over the shallow area of Carters Patch (Figure 16), it is clear that suspended sediment from the plough 
disturbance passes up- and down-estuary, through this location. The level of SSC is seen to increase 
as the ploughing proceeds, but is immediately shown to reduce once ploughing ceases. Peak 
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concentrations of circa 100 mg/l occur as the tide approaches (and just after) LW. However, these 
concentrations are only achieved for less than an hour per tide (total). For the most part, 
concentrations are 50 mg/l, or less, at the bed. Within two days of the end of ploughing operations, 
the average concentrations (above background) are less than 10 mg/l. 
 
Over LW, the higher concentrations that build up just before LW, deposit over the slack, to be re-
eroded on the flood. Such changes in bed thickness are, however, negligible (maximum less than 
0.001 m). Ebb shear stresses at this location are greater than on the flood, but both are high enough 
(on spring tides) for erosion to occur, should sediment have deposited. Predominantly, flows will 
transport material through the area. On neap tides, flows are just high enough to transport the 
sediment through the area, except around HW and LW, when accretion occurs. Conversely to spring 
tides, neap flows are not sufficient to cause re-erosion of deposited material. 
 
In the adjacent navigation channel (Figure 17), the plough disturbance causes elevated concentrations 
of up to 50 mg/l, but with isolated patches reaching 150 mg/l, near to LW on the flood tide. These 
concentrations are ‘pulses’ which last for no more than 20 minutes, as the ebb tide approaches LW. 
Sedimentation (up to 0.004 m) is re-suspended on the following flood tide. 
 
The site characteristics can be seen to respond to the plough activity, as the elevated SSC and 
temporary bed sediment accumulations reduce soon after the ploughing ceases, and within 2 days 
concentrations reduce to less than 10 mg/l (above background). 

Adjacent shellfish areas 

A feature of this general area is the negligible BSS on the ebb tide. A similar pattern of BSS is seen in 
the shellfish area to the west side of the channel (Location 7, Figure 9). Here the SSC resulting from 
the plough disturbance is higher, with peaks (lasting generally less than 20 minutes) of the order of 
200 mg/l, although isolated pulses of over 600 mg/l are predicted at the time of peak flood flows, 
towards the end of ploughing. The average elevated concentration throughout the tide is around 
50 mg/l. This is reduced to below 10 mg/l, 2-3 days following completion of the ploughing. 
 
During the ebb, when flows/BSS are low, sedimentation of up to 0.015 m is indicated, although for the 
most part, this is less than 0.01 m and is present for up to six hours, before being eroded by the spring 
tide flood flows. 
 
On the east side (in the channel) at the edge of the Shelburne Bay shellfish area (Location 16; 
Figure 18), the area is one of sedimentation on the flood tide and transport, without erosion, on the 
ebb. Any sediment reaching this area from the plough activity, will deposit from flood tide flows. For 
the ‘realistic worst case’ plough disturbance scenario assessed, about 0.014 m of sediment was 
predicted to settle to the bed. As a result, suspended sediment concentrations within the water 
column, are generally predicted to be low (less than 30 mg/l, with isolated peaks of up to 80 mg/l). As 
with all sites, the SSC decayed quickly following the end of the ploughing; however, the settled 
material was retained at the location of analysis. 

5.2.2 Confluence between Cheekpoint Harbour, Barrow Bridge and Snowhill Point 

The main area of effect is within, and adjacent to, the plough disturbance area.  

Plough disturbance area 

Maximum SSC values, within the bottom layer of the water column, are shown to be in the order of 
2,500 mg/l at the point of plough disturbance, at the time of peak flood flows, and around 1,500 mg/l 



Waterford Estuary    Port of Waterford 

ABPmer, November 2017, R.2899TN  | 13 

at times of slower/slack flows. This is illustrated in Figure 6, which presents the timeseries of SSC on 
Plough Track 4 (with simulated working on 12 April 2017). This plot also indicates that: 
 

 Over LW periods, some settlement (up to 0.08 m) occurs, showing not all of the disturbed 
settlement clears the area of the channel over LW (but is subsequently re-eroded on the next 
flood tide, putting additional SSC into the water column, as a direct result of the plough); 

 The dispersal from the plough is initially in a narrow plume; 

 SSC values at this site, related to the sediment disturbance from the previous days tracks, are 
lower (peak SSC values generally reducing to <100 - 500 mg/l), with increasing distance of the 
track, to the south; 

 Natural erosion at the site occurs on the upper half of the flood tide on spring tides, but not 
on neaps; 

 Conversely, on the ebb tide an accretionary trend almost permanently occurs, and is 
particularly evident on neap tides; 

 Within one day of completion of the plough disturbance, the peak near-bed SSC (above 
background) are reduced by over an order of magnitude (to circa 250 mg/l), further decaying 
to background levels within four days (on reducing-range spring tides). The peak SSC values 
also only last for less than an hour, at the time of peak flows. For the rest of the tide, the 
highest concentrations are well below 100 mg/l, and reduce with time. 

Southern intertidal / shallow subtidal and Cheekpoint Harbour Channel 

Timeseries Location 3, 5 and 6 (Figure 5, Figure 7 and Figure 8), represent the sedimentary conditions 
around the siltation area on the south side of the channel. These are locations of sedimentation sinks, 
identified from the map plots of sediment distribution (discussed above). 
 
The timeseries plots for each of the three locations show sediment accumulation of about 0.1 m, 0.4 m 
and 0.08 m, respectively as a result of the plough disturbance. Locations 5 and 6 (Figure 7 and 
Figure 8), to the east, show the sediment accumulates during both the flood and ebb flows, but not at 
HW and LW. This reveals that sediment is being passed into the area from both upstream and 
downstream directions, but at these locations, the flows are so low that sedimentation occurs. No 
accumulation occurs over HW or LW as no sediment is transported into the area under these 
conditions. This is shown by the fact that SSC values are negligible (<10 mg/l) during these periods. 
 
In both cases, the rates of sedimentation begin to increase after about 2 days of ploughing. This 
suggests that this is the timescale for the dispersed material (probably the coarser material) to be 
moved up- and down-estuary, before returning to the general location. 
 
Peak SSC values rarely exceed 150 mg/l, and then only as isolated peaks of no more that 10-
20 minutes duration. For the most part, the elevated SSC is in the range 20-50 mg/l during the 
ploughing, reducing to generally less than 10 mg/l after 2 days (and not discernible from background 
after about 4 days, on reducing spring tides). 
 
Location 3 (Figure 5) is to the west, on the edge of the deep at Snowhill Point. Here, the ploughing 
causes SSC of over 500 mg/l for around 3 hours during the flood tide peak flows, building to isolated 
peaks of around 2,000 mg/l. During the ebb, however, the SSC is shown to rarely increase to 50 mg/l. 
Again, there is an indication that the majority of disturbed material takes around two days to return to 
the area, causing the significant increase in SSC towards the end of the plough disturbance. At this 
site, the direct effect of the plough disturbance, is elevated SSC of around 500 mg/l. 
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Sedimentation is also seen to occur at the site during the first part of the flood tide, as sediment is 
supplied to the area from down-estuary. The flows in the deep bathymetry fall quickly, causing the 
sedimentation; however, later in the tide, flow speeds rise as sediment supply to the area reduces, and 
some erosion occurs before flows slacken over HW. Sedimentation then continues throughout the 
ebb, although concentrations in the water column are not high. This suggests sediment is transported 
to the area and immediately deposits. 
 
This pattern is maintained whilst ploughing continues, but then reduces circa one day following the 
end of ploughing. With the supply of sediment stopped, small-scale net erosion occurs, followed by 
some accretion as the tidal range falls. On neap tides, flows are too slow to erode the bed, or to move 
sediment into the area; hence the depth of sedimentation stabilises at a predicted accretion of about 
0.1 m. 

North bank to Barrow Bridge 

A timeseries location was extracted at Kilmokea Point Jetty (Location 12; Figure 14). This shows the 
ploughing gives rise to elevated concentrations of around 200 mg/l on peak flood flows. In general, 
however, the SSC is not elevated to more than about 50 mg/l for longer than 2-3 hours, and during 
the tides on the latter 2 days of the plough disturbance. Outside of these periods, the SSC is not 
elevated by more than about 10 mg/l. 
 
Accumulations of up to 0.001 m could occur over LW, but are eroded on the following flood tide. 

5.2.3 Snowhill Point to Little Island 

The effects of the plough disturbance on the area between Snowhill Point and Little Island are 
described is in the following sections, at the Belview Terminal and Little island confluence. 

Belview Terminal 

Two locations for timeseries analysis have been extracted in the Belview area. Location 8 (Figure 10) 
was chosen to illustrate whether the ploughing was affecting siltation within the berths, and the 
second site (Location 2; Figure 4), is in the area identified as a sediment sink at the down-estuary end 
of the Quay. 
 
During the second half of the plough campaign, high sediment concentrations are shown to pass 
through the berth areas on the flood tide, with concentrations of over 2,000 mg/l for up to 30 minutes 
around the mid-tide level; reducing to around 500 mg/l, later in the flood tide. Similar ‘pulses’ of 
sediment with concentrations of up to 600 mg/l, are also predicted towards the end of the ebb tide. 
These elevated levels are only shown to last for five consecutive tides, before decaying to background 
levels within four days of the end of plough disturbance. 
 
During the periods of high SSC, depth changes of up to 0.003 m are predicted to settle over LW and 
the early flood tide, before being re-eroded later in the tide. It is noted that some sediment continues 
to be moved to the area over the following neap tides, to accumulate in the berth; however, this is of 
negligible magnitude for this plough disturbance scenario. 
 
At the downstream end of the Quay (Location 2; Figure 4), a similar pattern of SSC values is evident. 
Here, however, sediment accumulates throughout the ebb, and most of the flood, before a short 
period of high flows erodes the accumulations. Whilst high spring tides continue, the accumulated 
material reduces on each tide, but sediment continues to move in to the area. As the tidal range falls, 
the erosion ceases. The area is still supplied with sediment on the flood and ebb, but at reduced rates; 
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this sediment accumulates at the site until neap tides are not strong enough to supply further 
material. The model predicts an accretion thickness of around 0.025 m, above any background 
sedimentation, at this site. 

Little Island confluence 

Timeseries Location 1 (Figure 3) is located in a sediment ‘sink’, identified in the lee of the training wall 
to Little Island (see Figure 2 for location). 
 
Similar to other locations, the highest concentrations occur on the flood tide, towards the end of the 
plough disturbance. Elevated concentrations reach about 900 mg/l and are high for over two hours of 
the flood tide. By comparison, ebb concentrations are negligible. Again, once the ploughing stops, the 
SSC signal decays quickly to background levels. 
 
The pattern of sedimentation is interesting as it reflects the ploughing operation (working during 
daylight hours, with no disturbance overnight). At Location 1, this intermittent disturbance is reflected 
in alternating higher and lower bed accumulations during the plough activity. The sediment 
accumulates after each plough track, and then falls away when ploughing ceases and the area is only 
supplied by sediment already moving around the system. As the tidal range falls, the area accretes 
around HW, until either the source of material to the area reduces to insignificant levels, or neap flows 
are unable to transport any sediment to further supply the site. Such accumulations, however, are 
small, circa 0.004 m. 

5.3 Effect in context of background measurement 

The predicted levels of increased SSC can be put into context against the background levels, as 
measured during the survey campaign at River Barrow, Carters Patch and Duncannon (and shown in 
Figure 24 to Figure 26). 
 
The results of the survey campaign show higher SSC values during spring tides, compared to neap 
tides, and also indicate the influence of storm events in increasing further the natural levels of 
sediment within the water column. 
 
Within the River Barrow, the survey campaign recorded peak SSC values of up to around 600 mg/l on 
a spring tide, with levels generally recorded at around 200 mg/l. The concentrations reduce over neap 
tides to less than 50 mg/l as material settles to the bed under weak flow conditions. A similar pattern 
is observed at Carters Patch, with peak spring values of up to 350 mg/l, reducing to around 50 mg/l 
on neaps. At Duncannon, spring peaks are generally less than 200 mg/l reducing to less than 10 mg/l 
on neaps. At these latter sites, a storm event, recorded at the end of April 2017, elevated the spring 
tide levels to around 1,000 mg/l at Duncannon, and around 600 mg/l at Carters Patch. 
 
The increased SSC (above background), as predicted by the modelled plough assessment, indicate 
levels that are generally similar to those observed naturally in the system. Peak values arising from the 
plough campaign are predicted to be up to 1,000 to 2,000 mg/l, and limited in duration (less than 
30 minutes) to isolated peaks around the times of the highest flows. These values compare against the 
peak measured concentrations during the observed storm event, with values of up to 1,000 mg/l. 
 
Outside of the peak values, the average increase in SSC as a result of the plough campaign is generally 
around 50 mg/l. As discussed, these values quickly fall away after cessation of plough operations, to 
less than 10 mg/l within four days. These values compare against the background spring tide values of 
between 200 and 600 mg/l (increasing in and up-estuary direction). 
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5.4 Concluding remarks 

Numerical dispersion modelling has been undertaken, simulating a typical plough/bed levelling 
operation at Cheekpoint Lower Bar. Track plot information, bed sample analysis and a synthesis of 
accretion rates and plough disturbance production rates have been used to define the modelling 
scenario to be simulated. The sediment disturbance release rates for the model simulation were 
chosen to represent a ‘realistic worst case’ scenario. 
 
The results of the modelling indicate that: 
 

 Dispersed sediment moves throughout the estuary; 

 The vast majority moves up-estuary, but is generally confined between Buttermilk Point and 
Little Island; 

 The greatest effects are seen throughout the estuary at the end of the plough disturbance 
scenario. These effects decay to background levels within about four days following cessation 
of ploughing on falling spring tides; 

 Most material is moved (transported and eroded) on the flood tide and during spring tides; 

 Neap tides are predominantly accretional; 

 The modelling has identified locations of temporary sediment storage (later eroded) as well as 
sediment ‘sinks’, where accretion is more permanent, notably the southern edge of the 
Cheekpoint section, adjacent to the maintained channel; 

 Maximum sediment concentrations (above background) at the point of disturbance are 
around 2,500 mg/l near-bed at the time of peak flows, and 1,500 mg/l during slack flows; 

 One day following completion of plough disturbance, peak SSC are reduced by over an order 
of magnitude at the disturbance site; 

 Maximum concentrations away from the disturbance location, for the most part, occur on 
peak flood flows as ‘pulses’ that rarely last for longer than 30 minutes per tide. Individual 
spikes can reach 1,000 mg/l at some locations; 

 Elevated SSC that last for several hours are generally in the range 150-250 mg/l, depending 
on location, on spring flood tides, and lower on ebb tides. Average elevated concentrations 
are rarely above 50 mg/l; 

 These values compare against the measured background SSC level, which were recorded 
between 350 and 600 mg/l between Carters Patch and the River Barrow, on a typical spring 
tide, increasing to up to 1,000 mg/l during an observed storm event; 

 Sedimentation as a result of the plough disturbance is for the most part temporary, 
accumulating during periods of slack water, or in areas of eddy circulation.  With the 
exception of identified ‘sink’ areas, accumulations are small, a few millimetres to 
1 to 2 centimetres.  Most accumulations are re-eroded on the following peak flows 
(predominantly on the flood); 

 In the shellfish areas around Carters Patch sedimentation of up to 1.5 cm was present for a 
maximum period of 6 hours before being re-eroded; and 

 In all cases, sedimentation rates and SSC levels increase after circa 2 days of ploughing. This 
indicates that this is the timescale for disturbed material (probably the coarser fraction) to 
move up- and down-estuary, before returning through the Cheekpoint area. 
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6 Reference 
ABPmer, 2017. Waterford Estuary: Model Calibration and Validation.  ABPmer, Report No. R.2894. 
 

7 Abbreviations/Acronyms 
AWAC Acoustic Wave And Current Profiler 
BSS Bed Shear Stress 
DHI Danish Hydraulics Institute 
DHPLG Department of Housing, Planning, Communications & Local Government 
EPA Environmental Protection Agency 
FM Flexible Mesh 
HW High Water 
LAD Least Available Depth 
LW Low Water 
MT Mud Transport 
PoW Port of Waterford 
SSC Suspended Sediment Concentration 
TSHD Trailing Suction Hopper Dredger 
 
 
Cardinal points/directions are used unless otherwise stated. 
 
SI units are used unless otherwise stated. 
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Figure 1. Plough tracks from July 2017 campaign with tracks used in present assessment  
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Figure 2. Extraction location for timeseries plots 
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Figure 3. Timeseries of SSC, bed thickness and BSS - Location 1 (Little Island) 
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Figure 4. Timeseries of SSC, bed thickness and BSS - Location 2 (Upper Belview wharf) 
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Figure 5. Timeseries of SSC, bed thickness and BSS - Location 3 (opposite Snowhill Point) 
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Figure 6. Timeseries of SSC, bed thickness and BSS - Location 4 (Plough Track 4) 

  



Waterford Estuary    Port of Waterford 

ABPmer, November 2017, R.2899TN  | 25 

 

Figure 7. Timeseries of SSC, bed thickness and BSS - Location 5 (offshore longest groyne) 
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Figure 8. Timeseries of SSC, bed thickness and BSS - Location 6 (Cheekpoint Harbour 
Channel)  
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Figure 9. Timeseries of SSC, bed thickness and BSS - Location 7 (downstream Cheek Point) 
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Figure 10. Timeseries of SSC, bed thickness and BSS - Location 8 (Belview central wharf) 
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Figure 11. Timeseries of SSC, bed thickness and BSS - Location 9 (upstream Barrow Bridge) 
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Figure 12. Timeseries of SSC, bed thickness and BSS - Location 10 (upstream plough 
campaign area) 
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Figure 13. Timeseries of SSC, bed thickness and BSS - Location 11 (downstream plough 
campaign area) 
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Figure 14. Timeseries of SSC, bed thickness and BSS - Location 12 (Kilmokea Point Jetty) 
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Figure 15. Timeseries of SSC, bed thickness and BSS - Location 13 (Passage East) 
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Figure 16. Timeseries of SSC, bed thickness and BSS - Location 14 (Carters Patch bank) 
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Figure 17. Timeseries of SSC, bed thickness and BSS - Location 15 (Carters Patch channel) 
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Figure 18. Timeseries of SSC, bed thickness and BSS - Location 16 (Shelburne Bay) 
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Figure 19. Map plots of sedimentation (left) and SSC (right) through a tidal cycle - 0 days after ploughing  
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Figure 20. Map plots of sedimentation (left) and SSC (right) through a tidal cycle - 1 day after ploughing  
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Figure 21. Map plots of sedimentation (left) and SSC (right) through a tidal cycle - 2 days after ploughing  
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Figure 22. Map plots of sedimentation (left) and SSC (right) through a tidal cycle - 3 days after ploughing  
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Figure 23. Map plots of sedimentation (left) and SSC (right) through a tidal cycle - 4 days after ploughing 
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Figure 24. Measured SSC from AWAC 3 (Barrow) 

 
 

 

Figure 25. Measured SSC from AWAC 5 (Carters Patch) 
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Figure 26. Measured SSC from AWAC 4 (Duncannon) 
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