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Executive Summary. 

Field observation and mathematical modelling undertaken over the past few years has 

permitted a much-improved understanding of the processes of fine sediment circulation in 

the Medina estuary. The estuary is not in a state of balance sedimentologically, due to 

human activity over past centuries that has modified the natural environment in developing 

the port. As a result, over-deepened and artificially sheltered zones of the estuary have a 

high potential for mud accumulation. Some of this mud comes from local erosion zones 

within the estuary, for which scour shipping action is partly responsible. The main source of 

the mud however is erosion of the sub-sea clay strata that are found around Wight, 

occurring principally along the English Channel shores during winter storm periods. There is 

considerable inter-annual variability in the latter energy, and consequently in the annual 

influx of mud from this source. 

Maintenance dredging records (post 1986) show that typically up to 10,000 dry tonnes of 

mud are dredged from the estuary each year, almost all using backhoe and barge methods, 

with spoil disposed of in offshore licenced areas. The need for a more sustainable approach 

to the management of bed levels in the busy Medina estuary has been an active topic of 

discussion between government agencies, managing authorities and stakeholders since 

about 2004. Little progress has been made however mostly because of poor understanding 

around contentious issues. Developments in both knowledge and technology have recently 

combined to open new possibilities for a way forward. This document has tried to illustrate 

how planning, managing and implementing maintenance dredging operations in the Medina 

Estuary could be conducted on a community basis rather than individually by local 

entrepreneurs. 

Clearly any new approach to dredging must be no more expensive than the presently used 

methods, and ideally less expensive. Other benefits would be minimal disruption of normal 

navigation activities, less impact on the environment (“working with nature”) and a greater 

sense of transparency within the water-community (awareness of how user actions are 

impacting others, fairer sharing of administrative costs).  

This document has been produced to promote discussion amongst stakeholders and makes 

no strong recommendations about how stakeholders should work together or which 

dredging methods may be optimal. Rather, methods that do not appear particularly suitable 

have been identified, and options spelt out for the remaining ways forward. However, in 

preparing this report it has become clear that without a high degree of cooperation at all 

levels (licencing, monitoring, tendering, dredging operations) there is little scope for altering 

current practices. 

Full collaboration between all the operators with dredging responsibilities could produce a 

management system that looks as follows: 
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1. Joint MMO licence for all the Medina dredge sites, managed by CHC. There would be 

savings on MMO charges and on chemical analyses of samples required for licencing.  

2. Agreement between all stakeholders (including the regulators) on the detail of the 

monitoring level that is necessary, and a fair sharing of monitoring costs between 

CHC and local operators, based on their level of dredging requirement. 

3. Estuary-wide dredge campaigns at necessary time intervals, based on monitoring 

results. Joint campaigns would reduce plant mobilisation costs and enable 

negotiation of cheaper dredge rates.  

4. Planning of the detail of dredge campaigns to a) ensure minimal cross-impact 

between dredge zones (later cutting not refilling earlier cutting) and b) 

minimalization of down time (moving between sites if for example pontoons have to 

be moved). 

5. Use of WID methods (or cutter-suction used in overflow mode) to a) reduce dredge 

costs (no offshore disposal costs) and b) ensure an optimum balance of sediment 

availability for the natural environment. These methods should also minimise impact 

on marina users, reduce the need to move pontoons, and minimise environmental 

impacts (water quality and benthos). 

6. Real-time monitoring of plume dispersion during WID-type operations, to ensure 

optimum sediment re-accumulation/offshore loss patterns. Production of annual 

reports on patterns of sediment flux into, out of and around the estuary 

(combination of bathymetry and turbidity/flow monitoring). 

A conclusion of this report is that the best dredging method may be very small WIDs 

operated frequently (several times per year). It is recognised however that such plant is in 

its early stages of development and may be somewhat experimental at this stage. It is 

foreseen that dredging may initially involve lorry-mounted WID/cutter-suction technology 

frequently in use today, with transition to a smaller, locally-based system with time. 

It is also recognised that the WID method cannot move compacted mud. What the 

definition of ‘compacted’ means for Medina sediments remains to be established, but there 

is a chance that until routine procedures are in place, with a frequency of dredging that 

inhibits ‘over’ compaction, cutter-suction methods, perhaps discharging into an overflowing 

barge, may be a good initial option. 

The advancement of these ideas into a practical methodology will initially depend upon 

dialogue between CHC, the key marina operators and contractors who are able to offer 

dredging services. These conversations should be the next step, concreted through local 

workshops. Beyond this the regulators will need to be consulted about the monitoring of 

environmental impacts. The final stage will be to seek approval from all stakeholders. 
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Sustainable Sedimentation Management in the Medina Estuary: A Forward Look at 

Maintenance Dredging Needs, Practices and Management. 

 

1. Introduction 

 

1.1 Scope 

This document has been prepared by the Cowes Harbour Commissioners (CHC) to encourage 

understanding and discussion around options for future management of bed levels for navigation 

purposes in the Medina estuary.  The document looks at dredging techniques, surveying/monitoring, 

licencing and procurement.  Background understanding and context for the situation is reported 

elsewhere1. The intention has been to address all potential methodologies/options and to advise on 

those most suitable from a sustainability aspect. The aim of the report can be summarised as: 

To review current management of maintenance dredging practices, including planning, monitoring 

and implementation, for all operations within the Medina estuary, to determine if there are more 

cost effective and environmentally friendly options than currently practiced. 

1.2 The Physical Environment 

The Medina Estuary is largely in an unnatural state in terms of the processes of sedimentation that 

are currently active. Development has been steadily occurring since the early 19th century in 

response to the pressures of navigation, shipbuilding, wharfage and leisure usage. Civil engineering 

works (capital dredging, waterside reclamation) and changed energy regime (altered tidal streams 

resulting from capital dredging, construction of sheltering breakwaters, scour effects of propulsion 

and wakes) have modified the processes of sedimentation, creating a mosaic of more-stable and 

less-stable estuary bed zones. Some unstable areas show chronic erosion, others persistent 

deposition, with both tendencies subject to short-term temporal variability in rates. Inside the 

estuary (south of the new offshore breakwater), sedimentation primarily involves mud and very fine 

sand, material moving in suspension. Suspended sediment levels are low to moderate (monthly 

averages ranged from 8 to 35 mg l-1 during 2016, from turbidity monitoring. Material moves from 

erosional to depositional zones and is supplemented each winter by an influx of fine, clay-rich 

sediment generated by English Channel storms within the general offshore zone encompassing 

Wight. The frequency of severe storms, and the consequent level of mud influx, may vary 

substantially from year to year. Mud dispersion within the Medina occurs mostly under the influence 

of spring tidal flow. 

1.3 Dredging Requirement 

Dredging records are available since 1986 (Figure 1). The data analysis presented here addresses 

only maintenance dredging (insofar as the records can be deciphered). The values shown in the 

graph are dry2 tonnes of sediment disposed of at the Hurst or Nab Tower licenced offshore disposal 

sites. Over the period 2003-2014 some water injection dredging (WID) and ploughing has been 

undertaken in the lower estuary, with less accurate estimates of volumes of sediment moved.  

 
1 Medina Estuary Navigation Dredging Baseline Document. Vol 3. 2018. 
2 Dry weight of sediment, compared with wet tonnages (weight of wet sediment) or volumes (m3) as reported 
in the dredging records. Conversion between these metrics if difficult/inaccurate without sediment density 
measurements made at the time of dredging. 
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Figure 1. An analysis of maintenance dredging tonnages (dry) 1986-2016. U=above Narrows, 

L=below Narrows. 

 

Table 1. Dredging events since 2000, arranged by site. Annual tonnages for each period have been 

calculated. Green zone is above the Chain Ferry Narrows, yellow zone is below. Dry tonnages 

calculated on the basis of 0.8 t m-3. 

In round terms there is a history of removal of about 8,000 dry tonnes of sediment per year since 

1986 (Figure 1), equally removed from above (U) and below (L) the Chain Ferry Narrows. Most 

dredging has been undertaken using backhoe equipment and filling bottom-opening barges for 

disposal at sea. 

The dredging that has taken place since 2000 is detailed in Table 1, arranged by dredge site. 

Tonnages removed have been divided by years between dredging events to give an annual figure. 

Where only one dredging event has taken place through these 17 years, the annual figure recorded 

is the possible maximum value. 

Table 1 shows that over-deepened mooring areas along the estuary margins (mostly marinas) are 

the main dredge zones, with East Cowes Marina (ECM) and Cowes Yacht Haven (CYH) being the main 

Year Dry t Site Dry t yr-1 Note

2001 18,455 East Cowes Marina 9,227

2003 3,993 East Cowes Marina 3,993

2013 5,036 East Cowes Marina 504

2014 9,727 East Cowes Marina 9,727

2016 17,220 East Cowes Marina 8,610 Yearly average 3201 dry t

2007 16,464 Island Harbour Marina 1,646 Maximum

2002 2,111 UKSA Basin 141 Maximum

2004 3,640 Cowes Yacht Haven 910 & WID

2008 5,734 Cowes Yacht Haven 1,434

2010 5,734 Cowes Yacht Haven 2,867

2015 11,684 Cowes Yacht Haven 2,337 Yearly average 1576 dry t

2010 2,294 Cowes Corinthian Y C 328 Maximum

2011 251 RNLI Slipway 42 Maximum

2006 560 RYS 51 Maximum

2010 473 Shephards Wharf 473 Ploughing

2011 1,490 Shephards Wharf 1,490 Ploughing

2012 418 Shephards Wharf 418 Ploughing

2013 1,468 Shephards Wharf 1,468 Ploughing

2014 623 Shephards Wharf 623 Ploughing

2015 600 Shephards Wharf 600 Ploughing
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sites with a dredging requirement. These two zones show an average annual dry tonnage dredge 

rate of 3,200 and 1,580 t respectively, and 4-5 dredging episodes each through the seventeen-year 

period.  The considerable variability in dredge volumes per event seen at each site may reflect: 

• Different parts of the marina being dredged at each event 

• Inter-annual variability in the influx of offshore mud to the Medina (2007 and 2014 being 

years of high English Channel storm activity)3. 

• Differences in spoil amount recording methods. 

If the new marina planned for the East Cowes side of the outer harbour is eventually constructed, 
the new dredging requirement may equal that of CYH and ECM combined. 

1.4 The Licencing System 

In 2007 the government (DEFRA) issued a Maintenance Dredging Protocol 4  with the intention of 
regularising the process of licencing. The protocol covers all types of dredging (including 
‘disturbance’ methods such as WID). All dredging authorities are encouraged to produce a Baseline 
Document which clearly defines the interactions between historic and ongoing maintenance 
dredging activities and local environmental sensitivities.  In normal, simple, unchanging maintenance 
dredging situations this analysis provides the basis for a non-onerous licencing procedure.  The 
process of preparing and utilising this Baseline Document is summarised in Figure 2. The Medina 
Estuary Baseline Document was one of the first produced (2004) and has been updated in 2010 and 
20181 and should be consulted to provide background and context for the information and ideas 
expressed here. 
 

1.5 Potential Environmental Concerns in the Medina 

The Medina contains a mosaic of Protected Areas (PAs, Figure 3) and is adjacent to other PAs in the 

Solent. As these zones were created against a background of historical dredging practices, which 

have changed little since protection was gained, there has been little concern that current practices 

are affecting the ecological quality of the PAs in terms of bed disturbance and water quality impacts. 

The 2018 Baseline Document identified no deterioration of the quality of the local PAs that could be 

attributable to dredging. 

When the first Baseline Document was produced, concern was expressed by Natural England that 

the persistent removal of mud from the Medina estuary (disposal of dredgings to distant open-water 

sites) could lead to mud deficiency in the estuary and consequent contraction of critical BAP5 

environments (importantly, in combination with sea-level-rise and ‘coastal squeeze’ processes). 

Sedimentologically this concept is somewhat naïve, and (in the case of the Medina at least) not 

evidence-based. Furthermore, dredging trials in other south-coast ports that attempted to ‘retain’ 

fine dredgings resulted in disastrous impacts on shellfisheries. Although considerable effort was put 

into designing a dredging regime to combat this loss effect in the Medina, no pragmatic solution has 

emerged through the intervening years. The 2017 Baseline Document focusses on the effort being 

made to quantitatively determine whether specific sub-zones of the estuary are losing mud as a 

long-term effect. Only once this impact was identified would a need to mitigate become pressing.  

 
3 Sandown Bay wave recorder, Channel Coastal Observatory. 
4 Maintenance Dredging & The Habitats Regulations 1994.   A Conservation Assessment Protocol for England. 
DEFRA 
5 UK Biodiversity Action Plan habitats  
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England. Simplified flow 

diagram. 
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Figure 3. Medina Protected Areas and frequent dredging sites. 
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A particular aspect of concern related to ‘sediment retention’ schemes was that dredgings are 

produced in marinas and wharfs and may be contaminated to some extent by trace metal or organic 

compounds. Retention areas are essentially in the more pristine upper estuary areas. Transfer of 

contaminated mud to more pristine areas could be problematical. Sediment contaminant analyses 

(2018 Baseline Document) show some trace metal/hydrocarbon levels just above the CEFAS Action 

Level 1 threshold. 

Water Injection Dredging, and ‘ploughing’ are dredging methods that do not necessarily involve loss 

of mud from the local environment, simply a redistribution. The use of these methods has been 

considered in the past to try and minimise mud loss from estuaries as a result of dredging. The 

success of these methods is not clearly evidenced in the literature, and it is likely that the practical 

and safe application of the technique is very much dependent on local site conditions. Today there is 

a growing body of opinion that, if carefully applied, these methods can be used in the future as a 

more sustainable form of sedimentation management. Modern WID equipment is increasingly 

sophisticated, allowing methods of use to be optimally tailored to local conditions. Critically, the 

technique is attractive on economic grounds, as disposal costs are avoided. Environmentally there is 

also potential benefit, but as there is no tradition of this type of dredging in the Medina estuary it 

could be seen as a potentially damaging methodology and use of this method would take licencing 

procedures to a more complex level than simple reliance on the Baseline Document. Concern would 

relate principally to short-term impacts on water quality and benthos (smothering). A specific 

concern may relate to impacts on the project to re-create a Solent native oyster fishery 6.   

2. Planning for Sustainability 

 

2.1 Objectives 

The widest possible definition of sustainability needs to be embraced to optimise the impact of any 
programme of improvement. The potential for sustainability can be summarised as follows: 
 
Minimise Economic Cost 

• Effective mobilisation and demobilisation of plant 

• High dredge productivity at low cost rate 

• Minimise disposal at distant sites (transport cost) 

• Informed planning of dredge events (optimise frequency of dredge) 

• Avoid disruption of marina/navigation operations 

• Share joint aspects of dredging costs (licensing, sampling, monitoring, dredger mobilisation) 

via an estuary-wide partnership 

Optimise Operational Continuity 

• Non-navigation-disruptive operations 

• Dredging outside key leisure periods 

 

Avoid Environmental Impacts 

• Low concentration/short duration plumes to reduce water quality impacts 

• No smothering of seabed areas (impact on benthos), both at local and open water disposal 

points 

• Maintain the balance of natural mud feed to all non-commercial estuarine areas 

 
6 http://www.bluemarinefoundation.com/project/solent/  

http://www.bluemarinefoundation.com/project/solent/
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• Minimise the carbon footprint of all sedimentation management operations. 

• Reduce noise and air-quality impacts 

 

2.2 Stakeholder Collaboration 

Stakeholders in this sustainability project can be broadly grouped into three categories: operators 

with maintenance dredging needs, regulators, and wider-interest groups. Successful development of 

the project is heavily dependent on the first group (operators) being convinced of the value of the 

proposed changes, and the second group’s (regulators) approval of these changes. Most of the 

objectives of the project identified above cannot be effectively realised by operators acting in 

isolation.  

The timeline of the development of this project therefore looks as follows: 

1. Preparation of a planning document which scopes and informs on the possible ways forward 

(this document) 

2. Meetings between key operators (CHC, marina operators) and potential contractors to 

identify best/practical options. 

3. Consultation with regulators to plan the detail of environmental impact assessment 

4. Wider sharing with all stakeholders to generate broad approval for the project. 

 

2.3 The Programme for Change 

The improved sustainability of navigation depth maintenance can be addressed in the following 

ways: 

• Changed dredge methodology (Section 3 below) 

• Contracting on an estuary-wide rather than individual operator basis, related to 

dredging activity, sediment sampling and monitoring (Section 4 below) 

• A locally consolidated approach to the licencing process (Section 5 below) 

 

3. Potential for Changed Dredging Method 

3.1 Options 

 

Within the broad remit of maintaining the Medina navigation, there are a wide range of 

methodologies available, some more tested and practical than others. This discussion document will 

consider all the options. These are summarised graphically in Figure 4 and introduced in the 

following paragraphs. 

 

 KEEP SEDIMENT MOVING (KSM) 

KSM strategies have been actively explored since the 1990’s7. Most mud maintenance dredging 

requirements result from a reduced natural capacity for local scour of sediment (as a result, for 

example, of capital dredging deepening or breakwater construction), against a background of 

continuing natural supply of sediment, thus encouraging mud deposition. KSM strategies involve 

novel methods of reintroducing scour. Ideas suggested include the insertion of drainable mud-

sumps, current-flow enhancement through the construction of training walls or the deployment of 

deflectors under pontoons, and more recently the concept of autonomous bed-hugging underwater 

 
7 Minimising Harbour Siltation. PIANC MarCom report 102, 2008 
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vehicles as agents of chronic, low-level bed disturbance. The potential success of KSM strategies is 

presently highly experimental and very site dependent. It is unlikely that any KSM methods could be 

immediately applied in the Medina, but a watching brief should be kept as ideas and technologies 

develop. 

 

 

  
Figure 4.  Flow diagram illustrating the range of sedimentation management methods available. 

 

WATER INJECTION DREDGING (WID)  

WID involves the controlled movement of a horizontal pipe at a short height above the seabed, with 

water being pumped downwards into the bed from nozzles in the pipe’s lower side.  The water is 

pumped at low pressure (typically of the order of 1 bar above ambient pressure for the water depth) 

and high volume. This flow can disturb a poorly consolidated mud bed, bringing it up into 

suspension. The plume generated is then guided by both bed slope and tidal flow to achieve a 

‘natural’ transport of the plume from the dredge site to the intended sink site. Two types of 

suspension can be generated in this way:  

 

• A very dense near-bed suspension, where the settling out of individual particles 

tends to be inhibited as the flocs are effectively touching one another (thus being a bed-

supported suspension). This plume moves as an entity, as a density flow, either by gravity 

(down-slope) or as a result of drag from strongly flowing overlying water. Although gravity
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Figure 5. 2016 Medina bed levels (top left) and slopes (top right). The thalweg route connecting 

dredge sites to the sea is shown as a black line on these charts, and along-thalweg levels and slopes 

are shown in the long-section (bottom). 
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movement can take place at slopes as low as 1-2o from the horizontal, most along-thalweg 

slopes in the Medina are at or below this value (Figure 5) and there are also distinct high- 

and low-spots along the thalweg, caused by both geological outcrop and vessel propeller 

local scour (Figure 5) that could trap near-bed density flows. It may therefore be unlikely 

that dense near-bed suspension generation could provide optimum effective spoil dispersion 

in the Medina generally. 

 

• A more disperse suspension, at much lower solids concentration (particles tending to settle 

individually, thus being a water-supported suspension), forming a plume which is more 

readily spread through the whole water column, moving only with the ambient tidal flow 

(sometimes classed as agitation dredging). 

The following factors all play a role in determining which type of suspension is generated: 

1. The size of the WID vessel. The Medina dredge areas tend to be quite small and convoluted 

(with mooring pontoons and trots). To facilitate access and minimise the (time-consuming 

and costly) need to dismantle pontoons only small and medium self-propelled dredgers are 

likely to be viable. Typical examples are shown in Figure 6 and Table 2. This size constraint 

limits the maximum productivity that can be achieved, with the smallest vessels least likely 

to be able to produce extensive bed-supported suspensions.  Smaller vessels are intrinsically 

less expensive to construct and run and can more practically make a living out of a smaller 

client community. This means that smaller vessels may be local and have minimal 

mob/demob costs, and therefore can be more practically used at higher frequency (even 

maybe several times each year). The smaller vessel illustrated here (Figure 6) has the 

advantage of having some reach beneath pontoon systems. 

2. Dredging frequency. WID methods are most effective on poorly consolidated mud. Greater 

energy is expended (or even cutting becomes impossible) at higher consolidation levels. 

Consolidation is a function of time (and thickness of deposit, which again increases with 

time, Figure 7 right graph) so the ability to dredge frequently is advantageous. Having a 

small, low-cost vessel dedicated to the maintenance of a relatively small area (minimising 

mob/demob) is the most economic model for achieving higher frequency dredging. Also high 

frequency dredging reduces the amount of sediment that has to be moved in any one event, 

thus favouring the generation of more dilute suspensions. 

3. Ability to control in an informed manner the pump rate, pump pressure, height of the jet bar 

above the bed, and vessel movement, in order to produce a desired plume density. Modern 

vessels have this high level of control. An example of how the two dredgers of Figure 6 might 

be configured to produce either a dilute or dense suspension is given in Table 3. This table 

predicts suspension solids concentrations with the dredgers working at maximum 

productivity (minimising dredge time). Controls can be further modified to reduce 

productivity, creating less-dense suspensions (falling below 1 g l-1 average concentration) but 

requiring longer/more frequent dredging interventions.  

There are two very positive impacts of creating a plume at the lowest possible solids concentration 

whilst economically addressing the dredge requirement: 

• At lower in-plume concentrations, particle collisions are less and therefore smaller and 

slower settling flocs are formed (Figure 7 left graph); the plume takes longer to settle out 

and therefore is dispersed further and wider. 
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Figure 6.  Small (top) and medium-sized (bottom) self-propelled WID vessels currently in use in UK. 

Dredger Length Beam Draft Down-reach Pump Max Productivity 

Small 10m 4m 1m 10m 100kw 150 m3 hour 

Medium 18m 5.3m 1.8m 14m 260kw 300 m3 hour 

 

Table 2. Characteristics of the vessels illustrated in Figure 6. Both vessels can be readily moved by 

road transport. 
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Figure 7. Natural properties of mud pertinent to WID dredging: Left graph shows how plume 

concentration controls the settling-out rates of the suspended particles, right graph shows the 

increased resistance to erosion of mud beds over time. 

 

 

Table 3. Examples of how the dredgers (of Figure 8) can be configured to run either dense or dilute 

plume conditions. 

Dredger size:

Small Medium Parameter: Working to produce dilute suspension

4 5 m wide dredge bar

1 1 m/s dredge speed

2 3 m depth near bed plume (determined by equipment configuration)

8 8 hours per day dredging

230,400 432,000 m3 of water suspended

8,000 15,000 l/s Suspension plume volume generation rate

1,000 1,000 l/s Probable water pump-in rate

0.1 0.1 pump rate:turbulent dilution ratio

750 1500 dry tonnes production per day (maximum)

3.26 3.47 g/l mean solids concentration

2 1 days to dredge CYH annual accumulation (1,500 dry t)

4 2 days to dredge ECM annual accumulation (3,000 dry t)

Small Medium Parameter: Working to produce dense suspension

4 5 m wide dredge bar

1 1 m/s dredge speed

0.5 1 m depth near bed plume (determined by equipment configuration)

8 8 hours per day dredging

57,600 144,000 m3 of water suspended

2,000 5,000 l/s Suspension plume volume generation rate

1,000 1,000 l/s Probable water pump-in rate

0.5 0.2 pump rate:turbulent dilution ratio

750 1500 dry tonnes production per day (maximum)

13.02 10.42 g/l mean solids concentration

2 1 days to dredge CYH annual accumulation (1,500 dry t)

4 2 days to dredge ECM annual accumulation (3,000 dry t)
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• Low concentrations have less impact on the biota inhabiting the water column and the 

seabed. Once a critical effects threshold is exceeded however, impact also becomes 

dependent on the duration of the poor conditions. 

Taken to extremes (very high frequency of dredging, say every spring tide) the WID method becomes 

a KSM method, with negligible disruption of the natural system. Having a vessel that can 

unobtrusively cover the dredge zone on a regular basis is only practical if a very small, locally-based 

dredger is available. Such an approach is planned to be trialled at Watchet marina on the north 

Somerset coast, which suffers severe sedimentation issues. 

A major limitation of WID methodology is that it cannot effectively disperse consolidated mud. This 

means that a) zones may need to be ‘cleaned’ using another method initially and b) WID frequency 

subsequently needs to be such that strong consolidation of the bed does not happen. 

Air-injection dredging is a variant of WID, where air instead of water is jetted into the bed. This 

method had been less used than WID due to lower productivity rates. However, introduction of air 

into the water column should aid dispersion and slow-settling of particles, and under conditions 

where optimum productivity rates is not the main target this method could be very effective.  

PLOUGH DREDGING 

This method involves dragging a large, heavy metal rake across the seabed, the surface layer of 

sediment becoming caught in the rake and displaced laterally, depositing at the point at which the 

rake is lifted (or somewhere along the rake drag route). The sediment is not agitated into 

suspension, and although some minor plume of suspended sediment may be created, most of the 

mud moved stays as cohesive clasts on the bed. The plough is typically used in two ways: 

1. To level-off an uneven bed (usually caused by another dredging action) 

2. To drag sediment out of a low-energy (sink) zone into an adjacent higher energy channel 

zone where natural erosion processes can disperse the mud. 

Ploughing has been undertaken in the Medina, for example at Shephard’s Wharf (Table 1), where 

the intent was to drag mud from the marina into the adjacent fairway where it could be dispersed by 

the stronger tidal flow. The general consensus has been that the process was not effective, the tidal 

scour in the fairway not having the power to quickly remove the deposit created. Regular 

bathymetric surveys during the period 2010-2015 (when ploughing was occurring) showed 8 a 

continuing build-up of mud in the deposit zone of the fairway, and the 2016 multibeam survey (after 

cessation of ploughing) shows the continuing presence9 of an eroding mud shoal in this area.  Peak 

depth-averaged velocities in this area (which has some of the fastest currents in the estuary) do not 

exceed about 0.8 m s-1, which over a mud bed would equate to a peak shear stress of ~0.55 Nm2, not 

effective in rapidly eroding consolidated mud (Figure 7 right graph).  

At a generalised level therefore, dredging (as opposed to smoothing) using a plough does not seem a 

practical option for the Medina estuary. 

SUCTION OR CUTTER-SUCTION DREDGING. 

Dredging using a suction pump, and/or a suction pump combined with a cutting head could be 

achieved in three ways in the Medina estuary: 

 
8 ABPmer 2015. Cowes Outer Harbour Sedimentation Review. Report R.2477 July 2015 for CHC 
9 Ambios 2017. Sediment Flux Measurement in the Medina Estuary: Monitoring Results 2016. Report 
AmbCHC03a August 2017 
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1. Trailing hopper suction dredging. As manoeuvrability is very restricted, this method can only 

be practically applied to the main fairway channels. The cargo is loaded to an onboard 

hopper, and overflow (hopper-surface discharge of muddy water back to the ambient 

environment enabling concentration of the cargo solids content) may or may not be 

permitted. The loaded cargo is carried to remote (licensed offshore) disposal sites. 

2. Lateral-swinging cutter suction system, normally on a spudded dumb vessel. The spoil is 

discharged via a pipeline system, normally floating, the presence of which is cumbersome 

(requiring carefully handling and obstructing navigation). Discharge from the pipeline can be 

managed in various ways: 

• Filling a hopper barge (with or without permitting overflow to concentrate the solids 

cargo) which is towed for discharge to a licenced offshore disposal site or a site of 

intertidal recharge within the estuary.  

• Discharge into a bunded area, with settling of solids from the effluent water, with 

the spoil being used for reclamation or recharge of an estuarine zone. 

• Discharge to an open recharge intertidal zone, with free escape of drainage plumes 

• Discharge into an open channel, utilising the energy of the tidal flow to widely 

disperse the spoil plume.  

3. Small cutter-suction head mounted on an hydraulic arm (Farrell system). Typically used for 

trimming complex areas, often in combination with a WID method. The discharge can be 

connected to a pipeline as in 2) above.  

These methods are unlikely to be economically attractive if no local overflow is permitted, due to 

the high transport costs of carrying very dilute loads to distant disposal grounds. If local overflow can 

be effectively managed, using the current systems to encourage movement of the finest materials to 

appropriate destinations (ie dispersal out to sea, or recharge of upper-estuarine areas) then the 

methodology may be appropriate, though the clumsiness of floating pipelines is always a negative 

aspect of these methods in constricted busy navigation zones. 

BACKHOE DREDGING 

This method, using a mechanical digging of the bed sediment, is the method preferentially used in 

the Medina at present. The articulated digging arms are mounted on vessels (self-propelling/ 

spudded) and cargoes are loaded into self-propelling hopper barges for transport to the licenced 

offshore disposal areas. This method copes very well with consolidated mud, and the high density of 

the spoil generated minimises the trips to the disposal sites. It would be difficult to use this method 

to carry spoil to in-estuary replenishment sites, as the water depth required to operate the hopper 

barge bottom-opening doors requires a minimum depth of water, only available in the upper estuary 

at high tide and in or immediately adjacent to the navigation channels.  

Reliance on backhoe dredging is only likely to reduce if a more economic method is identified. The 

method is not ideal from a sustainability stance, due to: 

• Destruction of the natural benthic habitat in the dredge and adjacent zones 

• High carbon footprint 

• Loss of mud from local system 

• High economic costs of mobilisation and spoil cartage 

• Significant disruption of other operations during dredging 
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3.2 Plume Routing 

Water Injection Dredging and cutter/suction methods that involve partial or total overflow rely on 

the tidal current to disperse the dredge material to the preferred sink area. The Medina estuary 

water circulation has some unusual characteristics, due both to the double high-water phenomenon, 

and the interaction of the Solent and the estuary tidal currents in the outer harbour (which 

combination drives gyres around the outer harbour). As a result, flows deviate from the ‘norm’ of 

two balanced six-hour periods of flood and ebb. Flow summary diagrams are provided in Figures 8 & 

9.  

The model of tidal circulation of water in the Medina Estuary developed by ABPmer10 can be used to 

predict the movement of plumes away from dredge sites. At the most sophisticated level the model 

can be re-run with a plume modelling add-on, which will use a point-source for the plume input 

together with assumptions about turbulent dilution and particle settling rates to generate imagery 

showing for every point on the map 1) the frequency of time that the plume will be overhead and 2) 

likely accumulation rates at each point. Such maps can be useful planning tools although care should 

be exercised in relying upon the apparent precision of these plots. At a simpler level data from the 

same model have been analysed to show the volumetric exchange (at any stage of the spring-neap 

cycle) between key areas of the estuary. This tool (explained in Appendix 1) offers a more economic 

option to plume route planning that can be used in-house by dredging contractors, marina operators 

and the regulators 

A single example of using the latter tool is provided in Appendix 1. As multiple dredge-area/sink 

zone combinations are possible, with each dredge zone having individual mud accumulation rates 

and constraining factors, it is not proposed to look at any more examples at this stage, the one 

provided example illustrating how the tool can be used, thuds encouraging individual stakeholders 

and dredging contractors to look in detail at options open to them. 

This single plume-routing example analysis does however illustrate well the sort of issues that need 

to be addressed. The analysis shows that a WID vessel mobilized into the Medina to clean the CYH 

basin over a period of a few days every year or so may struggle to produce plumes that carry the 

spoil cleanly out to sea, as the relatively high plume concentrations that would need to be generated 

(due to the low exchange rate between Polygon F and Polygon E) might tend settle out before 

flushing out into the fairway. A very small vessel generating much lighter plume suspensions at say 

monthly intervals would be more successful, due to lower plume sediment concentrations and 

associated slower settling rates. If an infrequent, short-term contract was seen as a better 

investment however, a cutter/ suction dredger discharging a low-density plume out into the fairway 

via a short pipeline may well be the most practical option. 

3.3 Monitoring 

 

A system for monitoring fine sediment movement around the Medina estuary has been set up by 

CHC and operated for over two years so far. The continuation of this monitoring and its improved 

performance is essential to the successful pursuit of any free-discharge (plume-based) dredging 

method, in order to: 

• Quantify both the natural and dredging-induced movement of sediment around the estuary 

(determine to efficiency and environmental appropriateness of the dredging outcomes) 

 
10 ABPmer, 2015b. Cowes Local Model Calibration, ABPmer Report No R.2517 
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Figure 8. Semi-diurnal variability in tidal current velocity at the four turbidity monitoring sites. 

Multiple lines represent spring-neap conditions (red through blue respectively). Site locations shown 

in Figure 9. 
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Figure 9. Identification, location and 

labelling of flows, monitoring sites, 

suspended-sediment flux-polygons and 

inter-flux-polygon boundaries in the 

lower Medina estuary 
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• Place alarm systems on water quality parameters for real-time checks on conditions during 

the dredging process. 

The following paragraphs detail recommendations made to enhance the present monitoring system. 

WATER FLOW.   The volume exchange rates (water flows) of Figures 8-9 and Appendix 1 are 

determined from the ABPmer mathematical model 10 of the estuary water circulation. This model 

was calibrated against 6 days of current meter data at three sites, two outside the Western and 

Eastern Entrances (in Polygon O, Figure 9) and one in the northern part of the outer harbour (centre 

of polygon B). A further day of ADCP transects were also collected within Polygon B. Although there 

is no reason to doubt the model results, which provide the most complete representation of the 

circulation of water around the Medina that is available, because of the absence of calibration data 

from other than in the outermost estuary, it would be sensible to initiate a simple series of flow 

measurements to provide a basic level of validation of model’s predictions. This type of monitoring 

could be undertaken economically using CHC’s staff using inexpensive methods such as recording 

bed-mounted tilt-current-meters, for example https://lowellinstruments.com/products/tcm-1-tilt-

current-me , or drogue tracking, both methods to be deployed at key sites along the polygon edges. 

Data of this nature, collected from polygon boundaries over an extended period of time, would give 

confidence to the water circulation model output, and the suspended-sediment flux modelling that 

is to be relied upon in the future. 

TURBIDITY. Turbidity measuring instruments have been installed at four sites since January 2016. 

Data (believed to represent average water column conditions) are logged every five minutes. An 

analysis of the first year of monitoring has been published. These data have provided a step change 

in our appreciation of how and when fine sediment moves around the estuary, and in combination 

with annual precision bathymetric surveys of the whole mid-lower estuary have enable first 

attempts at quantifying sediment flux.  The presence of these established turbidity measuring sites, 

with more than a year of baseline data, can provide an effective monitoring system for both 

understanding and policing the effects of new, experimental dredge methods that may be used. At 

present however, the data from these instruments is not available in real time, being internally 

logged and retrieved fortnightly. Further investment, to provide an internet telemetry connection to 

the sites, would be necessary before they could be used to confirm plume routes and assure 

continuity of good water quality within the estuary. Furthermore, such a telemetry system would 

ensure a much improved (proactive) maintenance method to be used, decreasing ‘lost data’ periods.  

Also, a fifth turbidity monitoring site, in the vicinity of Kingston Wharf (at the southern extreme of 

the ‘managed’ zone), needs to be set up, to complete the separation of the dredged and non-

dredged zones of the estuary. It may also be useful to establish a ‘background’ turbidity monitoring 

station in the mid-Solent region, to provide information on the inter-annual variability of ‘mud feed’, 

principally from the winter-storm erosion of the south Wight coastline.    

BATHYMETRY. A multibeam survey of the CHC zone of the Medina estuary is now conducted 

annually (around December) and can provide evidence of any longer-term change in patterns of fine 

sediment accumulation arising both from natural inputs and from the use of dredging methods that 

disperse spoil via local plumes. Accuracy of the survey methods is being pursued via a) continuity of 

methodology/contractor and b) the development of rigorous quality control checks. 

FINE SEDIMENT FLUX. A system has now been set up to combine water flow, turbidity and 

bathymetry monitoring data to produce a quantification of fine sediment flux though, into and out 

of, and around the Medina estuary. Results from the first year of data analysis are promising, though 

https://lowellinstruments.com/products/tcm-1-tilt-current-me
https://lowellinstruments.com/products/tcm-1-tilt-current-me
https://lowellinstruments.com/products/tcm-1-tilt-current-me
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continued refinement of the methods used will improve accuracy and confidence. The output of this 

type of data analysis can provide the most direct, simple and readily appreciated understanding of 

the interaction of the natural sedimentary system and superimposed sediment management 

activity.  

4. Potential for a Joint Approach to Operations. 

Joint Operations are defined here as: 

• Scientific work: Survey, monitoring and reporting, liaison with regulators, updating the 

Baseline Document, bed sampling as part of Dredge Licence Application 

• Tendering for dredge contractors, thus sharing mobilisation and other dredge operations 

costs, and the cost of in-out bathymetric surveys (to prove dredged volumes). 

 

4.1 Scientific Operations 

 

The analysis of seabed samples for contained trace contaminants is an established part of the 

licencing procedure, required by the Marine Management Organisation (MMO) and their advisors 

(CEFAS). Due to tightened QC procedures, the cost of these analyses has escalated somewhat in 

recent years. Collection of the samples can also be expensive if a deep deposit is to be dredged 

(requiring cores). Advantages of a regular and hydraulic approach to dredging (eg WID) are that: 

• Only recently accumulated sediments are involved, and as there are no extant point sources 

of significant pollution in the Medina, smaller numbers of samples representative of large 

zones of the estuary are more readily accepted as representative by the regulator. A joint 

approach to an annual campaign can therefore significantly reduce the cost of these 

analyses, with samples probably only necessary every few years. 

• Regular dredging ensures that deep deposits do not build, removing the need for (costlier) 

coring as opposed to simple hand-held grab methods. 

As an example, Shepard’s Wharf Marina, Cowes Harbour Moorings, Solent and Wightline Cruises and 

the Royal Yacht Squadron submitted a joint sampling application in 2015 for four separate dredges. 

Typically, three samples per application would usually be required but by working together the 

number of samples for analysis was reduced from 12 to 5 saving over £5k.  

All other scientific costs are currently born by CHC. However, as the burden of responding to 

regulator requirements and the need for sophisticated monitoring are both increasing, sharing of 

these costs by operators (including CHC) would seem a reasonable approach. A method of 

apportioning costs based on each operator’s dredging burden should be sought and should not 

exceed a general level of a few thousand pounds per operator per year. In addition, CHC will explore 

opportunities for funding that would help to develop the project for the benefit of stakeholders. 

There are currently discussions with the Environment Agency for funding for catchment projects that 

may be able to incorporate a dredge management plan. 

4.2 Joint Dredge Tenders 

 

The bottom line is that there are significant costs savings to be made through joint working, but this 

will take a high degree of coordination and agreement between operators. Individual operators 

currently procure dredge contractors individually and this can be an expensive, especially for smaller 

operators. Once the most appropriate dredging techniques have been identified, coordination of the 

procurement of Medina-wide dredge contracts could be considered. This could potentially reduce 
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contractors’ mobilisation and demobilisation costs, enable the negotiation of better rates, minimise 

spillage from one operator’s dredge site to another operator’s site and reduce disturbance to 

harbour users. However, some operators may consider that joint working reduces flexibility in terms 

of their maintenance dredging programmes, even though some level of joint working is implicit in 

the need to share between operators the annual dredging limits set within the Baseline Document.  

In a recent joint Medina approach to a dredging contractor, the operators went out to tender for a 

combined dredge campaign which saved £6k on mobilisation costs and reduced the dredger rates by 

30%, from ?? /m3 to ??/m3. This approach also gave more flexibility when dredging the sites, 

reducing plant down time by enabling it to move between sites whilst infrastructure was removed or 

replaced.  This example gives a good indication of the financial and operational benefits when 

undertaking a joint approach, with savings of approximately £10k per operator. 

CHC could consider taking the lead with each annual campaign planning and delivery. This would 

probably be essential if the introduction or trial of other dredging methods such as WID and cutter 

suction were to go ahead. CHC could also facilitate and manage dredging contracts on behalf of 

smaller operators and apportion costs based on the volumes dredged. This would need to be part of 

a coordinated dredging plan that would ensure efficient use of the contractors in the estuary and at 

locations that could be dredged during the same time period without undue disturbance to harbour 

users. This level of coordination and negotiation would have a resource implication if CHC took the 

lead. 

It needs to be flagged that the successful adoption of new hydraulic dredging methods (WID etc), 

with the implied higher frequency of ‘cleaning’ and the potential for impact on other sites if not 

carefully planned would probably require a joint approach to tendering and managing operations, 

due to the high level of collaboration implicit in these methodologies. 

5. Joint Licencing 

Until recently each area that needed maintenance dredging in the Medina estuary has required a 

separate MMO licence applied for by the operator, regardless of size. This has presented a 

significant burden, especially to the clubs and landowners that only need a small amount of dredging 

to be undertaken but which still require licences.  The costs associated with obtaining the necessary 

consents to enable a maintenance dredge to take place are significant. The licencing of a typical 

small-scale dredge of 1000m3 is likely to cost £6k; this is a substantial amount on top of the dredging 

cost (of say £20k in this example). Joint sampling plans and MMO licence applications would reduce 

this burden. 

Three options are apparent: 

1) Do nothing. Each operator (large and small) copes with their own licencing requirement. 

2) Apply for a joint 10-year Medina licence for all operators. This would optimise the 

holisticness of the sedimentation management system, ensuring that regulator-imposed 

limits on dredged quantities (from the Baseline Document) were appropriately shared. 

3) Apply for a joint 10-year Medina licence excluding the major operators (Cowes Yacht Haven 

and East Cowes Marina) 

Option 1) would probably negate the possibility of adopting new, free discharge dredging methods 

(WID etc), and the financial/environmental benefits that those methods may bring. Option 2 would 

optimise the potential for adopting new dredging techniques, as the highest level of inter-operator 

collaboration is assured. Option 3 offers an intermediate position, where adoption of new dredging 
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techniques might still be feasible. Clearly the charges made by CHC to cover the cost of managing 

licence application would need to be less than the savings made in adopting this approach.  

6. Conclusions 

 

The need for a more sustainable approach to the management of bed levels in the busy Medina 

estuary has been an active topic of discussion between government agencies, managing authorities 

and stakeholders since about 2004. Little progress has been made however mostly because of poor 

understanding around contentious issues. Developments in both knowledge and technology have 

recently combined to open new possibilities for a way forward. This document has tried to illustrate 

how planning, managing and implementing maintenance dredging operations in the Medina Estuary 

could be conducted on a community basis rather than individually by local entrepreneurs.  

 

Various dredging options optimally suited to sustainable bed-level maintenance works have been 

reviewed in this discussion document. It can be concluded that there are a range of water or air-

injection methods, and cutter-suction methods, producing lower-concentration plumes rather than 

bed-supported suspensions, that could be trialled. These methods are ‘hydraulic’, some generating a 

freely-discharged plume which relies on natural currents to carry the spoil to its planned sink site, 

others use a pipeline to partially or fully control the discharge location. The outflow from the latter 

can also be contained by a hopper barge which is allowed to overflow, with the cargo caught by the 

barge being disposed of offshore or in local planned areas of recharge.   

 

From both an operational and an environmental stance, the use of very small WID vessels removing 

little spoil at a time but working quite frequently (several times per year at each site) is attractive. 

These vessels would simply generate a plume at the bed disturbance point, therefore moving freely 

around confined areas and creating little disturbance to everyday navigation. At very high frequency 

of operation, these methods could almost deliver the objectives of a ‘Keep Sediment Moving’ 

strategy.  Economically, this approach would only work if all the local stakeholders worked together, 

investing in or contracting a single small vessel that could be kept busy all year managing local need. 

At its simplest, it is possible to imagine a one-man-operated small vessel that was continually 

‘moving on’ the fine sediment that constantly accumulates in sink areas. If this level of local accord 

could not be agreed, then lorry-mounted WID or cutter suction vessels contracted to come in on an 

annual basis may be practical. A planned medium-term transition from existing plant (lorry-mounted 

WID) to more experimental smaller equipment could be a way forward.  

 

The ability to be able to confidently move into an experimental phase of trialling these methods 

depends very substantially on CHC having set up a turbidity monitoring network, and its successful 

operation for more than two years. However, further investment in the monitoring network is 

required to allow it to operate in a ‘policing’ role, to provide assurance that new maintenance 

methods are working safely. Some stakeholders are being asked to consider financially contributing 

to this cost. 

 

The advancement of these ideas into a practical methodology will depend upon dialogue between 

CHC, the key marina operators and contractors who are able to offer dredging services. These 

conversations should be the next step, concreted through local workshops. Beyond this the 

regulators will need to be consulted about the monitoring of environmental impacts. In parallel with 

such general discussion of possibilities, it is proposed that as each new Medina maintenance 

dredging requirement is identified, it should be considered from the point of view of applying 
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hydraulic methodologies rather than just automatically relying on traditional backhoe methods, and 

the practicality of a new approach evaluated, using the tools and ideas developed in this report. In 

this way, a slow and organic change to more sustainable methods may be achieved. 
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APPENDIX 1.  PLUME ROUTING TOOL 

Data from the ABPmer tidal model have been used as follows.  For each polygon (Figure 9) the pattern of flow (water volume change) through the various 

polygon edge boundaries is plotted for thirty-minute intervals (blue dots) through the 12.5 hour semi-diurnal tidal cycle. For convenience, periods tending 

to similar flow conditions are block shaded in different colours (shared edge- boundaries may have slightly different colour blocks fitted in different 

polygons). The spring-neap variability in the flows is contained within the spread of the blue dot plots.   

Just looking at flows into and out of the outer harbour, the unusual flow situation can be summarised (from A1) as follows: 

• Western Entrance (Polygon A boundary ab, Polygon B boundary bc). Flow is near continuously seaward (northwards) except for some very slow 

ingoing current during the first 2-3 hours after LW. 

• Eastern Entrance (Polygon B boundary de). Flow is strongly inward (southward) for most of the time (between 2 hours after LW to 11 hours after 

LW). For the remaining ~3 hours there is a slow seaward flow.  

• Chain Ferry Narrows (Polygon E boundary mn). Flow is into the upper estuary for the first 6.5 hours after LW then seawards for the remaining six 

hours. However peak volume changes occur at a late stage in both the flood and the ebb. 

Flow between the polygons A-F contained within the outer harbour exhibit added levels of complexity due to gyre formation. 

To give an example of how Figure A1 can be used for plume routing, consider the need to hydraulically dredge (WID or suction) Cowes Yacht Haven 

(Polygon F), with the intent to disperse the spoil out to sea. There should therefore be no plume passing into the upper estuary and minimal plume passage 

over Polygon D (which is a naturally accumulating zone where deposition should not be encouraged). 

1. Dredging must not feed polygon E before 6.5 hours after LW, as that plume would feed through boundary mn (Chain Ferry Narrows) into the upper 

estuary. 

2. The strongest flow out of CHY (Polygon F) occurs across boundary ik into Polygon E between 4 – 7 hours after LW, therefore incompatible with rule 1 

above.  

3. During the ‘allowed’ period post 6.5 hours after LW (compatible with rule 1) there is only poor/intermittent exchange from Polygon F into Polygons E or 

C (boundaries ik and ij respectively) so seaward escape of a WID plume from CYH would be slow (volume exchange rates are <100,000m3 per 30 

minutes across complete sections, compared with ~40,000m3 per 30 minutes generated by just the WID plume alone, Section 3.1 Table 3 top). 

4. During this ‘allowed’ dredge period (post 6.5 hours after LW), Polygon E exports equal volumes of water to Polygon B (seaward trajectory) and Polygon 

D (area where deposition should not be encouraged). The latter pathway is not ideal. 

5. Any plume escaping from Polygons E, C or D during the allowed period (post 6.5 hours after LW) would pass out to sea through the Western Entrance 

via Polygons B and A. 
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