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Summary 
 
SEEDA, the Isle of Wight Economic Partnership and the Isle of Wight Council are promoting a 
major and holistic regeneration project for the River Medina. The project involves significant 
infrastructure development at strategic locations throughout the estuary.  The River Medina is 
nationally and internationally designated for its nature conservation value, therefore, these 
environmental interest features are important considerations in realising any development 
proposals. 
 
The objective of this report is to present the results from a set of marine impact assessment 
tools used to evaluate the environmental impacts of a combination of various realistic potential 
developments throughout the estuary, referred to as the DMaximum Development ScenarioF 
(MDS).  The MDS is considered with both existing forcing conditions and those that could result 
with sea level rise (SLR). 
 
The report firstly describes the individual developments, which comprise the MDS and 
determines the direct changes to the estuary morphology resulting from the various dredging 
and infill requirements.  The spatial and temporal effects of the developments on the hydraulic 
processes of the estuary resulting from numerical modelling are described under existing and 
SLR forcing conditions.  The model results are then further analysed to determine the likely 
morphological changes at locations throughout the estuary that are likely to occur for the 
different scenarios. The predicted change to the characteristic morphologic estuary parameters 
are also presented and evaluated.  Sedimentary effects of SLR alone and in-combination with 
the MDS scenario are described and evaluated for two model sediment set-ups throughout the 
estuary in order to highlight the estuary sensitivity, as well as the uncertainty in predictions at 
different locations of the estuary. 
 
Also included in the report is a short ecological review of the estuary followed by an overview of 
the likely effects of the MDS and SLR scenarios, in order to put the predicted changes into a 
nature conservation context.  This analysis provides an overview of the likely response of the 
estuary to large-scale development and is not a substitute for detailed analysis of a future 
specifically designed development. 
 
The final section of the report evaluates the potential effects of two outer breakwater scenario 
locations to give results to aid optimising the location of a specific breakwater and marina 
proposal. 
 
Throughout the report, the specific impact of SLR and various component MDS developments 
are commented upon to determine the possible impacts from similar developments, should 
they be ultimately proposed in the future. 
 



 

 

Marine Impact Assessment Tools - Medina Estuary Scheme Testing 

 

The concept of the MDS is to provide a realistic idea of future in-combination development 
scenarios within the Medina Estuary to enable comparison between present-day (baseline) 
conditions, and to determine the likely scale of combined impacts.  The results will indicate 
whether the estuary system will be able to satisfactorily function in terms of its Nature 
Conservation value, if subject to this order of development pressure and potentially the areas 
and individual developments that may cause most harm.  The information can, therefore, be 
used to help inform further planning decisions and or development designs. 
 
Some of the key findings from the study have been given below: 
 
�� The processes in the estuary controlling water levels are spatially variable and the 

developments cause different levels of change along the estuary; 
 
�� The MDS, under existing forcing conditions, has a negligible effect throughout the 

estuary at LW but generally increase HW levels by up to 0.02m (average 0.01m), thus 
marginally increasing the tidal range, hence tidal prism; 

 
�� The impact of sea level rise has a greater impact on tidally propagated water levels 

than the impact of the MDS developments; 
 
�� With existing forcing conditions, the component realignment schemes provide little 

increase in intertidal as ground levels behind the walls are generally too high.  If these 
areas are to be used to offset the effects of other proposals, then engineering of the 
profiles will be required; 

 
�� With SLR the most significant ecological effects are likely to result from the loss of 

intertidal area and increase in estuary volume, with its knock-on effects, particularly for 
bird usage.  In general, rates of sedimentation are low and, at present, of a similar 
order to current rates of SLR.  However, at future predicted rates, the rise of the mud 
flat will not keep pace.  The loss will, therefore, occur due both to continuing erosion 
near to LW as well as the slower rates of accretion when compared to the rate of SLR; 

 
�� Introduction of the MDS (particularly the breakwater) tends to create sedimentation 

immediately inshore and offshore of the structure (up to 0.04m per year).  The general 
pattern is very similar to the effect of SLR alone.  Increased sedimentation also occurs 
through to Kingston Quay, due predominantly to the capital dredging and wall 
realignments.  This is most clearly seen opposite East Cowes Marina.  In the inner and 
upper estuary the MDS components have little or no effect on the estuary wide 
hydrodynamics and sediment patterns, except at the location of the works.  This is 
similar to the SLR scenario alone.  The overall effects are dominated almost entirely by 
the construction of the breakwater; 

 
�� The modelling of flows, waves and sediments, clearly shows that a breakwater in the 

vicinity of the outer harbour (Scenario 1) has considerable overall benefit to the 
harbour compared to a breakwater structure adjacent to the existing Shrape 
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Breakwater (Scenario 2).  Up estuary, with respect to the sedimentary regime, there is 
little difference between the two layouts; 

 
�� Introduction of the MDS indicates that overall, the effects of the scheme are dominated 

almost entirely by the construction of the breakwater. 
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1. Introduction 
 

1.1 Project Overview 
 
SEEDA, the Isle of Wight Economic Partnership and the Isle of Wight Council are 
jointly promoting the Cowes Waterfront Initiative.  This is a major and holistic 
regeneration project for the entire River Medina that is planned to create jobs, attract 
investment and bring new facilities to the communities of Cowes, East Cowes and 
Newport.  Its principal aim is to strengthen the areaFs position as a centre of excellence 
for composites and specialist marine industrial sectors and promote the area as the 
global centre for yacht racing technology.   
 
The project will involve major infrastructure development or re-development at strategic 
locations throughout the estuary.  At some of these locations, including the former 
GKN site at East Cowes, development proposals include substantial alterations to the 
river frontage that could potentially cause changes to estuary processes and 
consequently affect associated environmental assets and existing uses and users.  
The River Medina is subject to national and international nature conservation 
designations and supports a range of habitats and species covered by the UK 
Biodiversity Action Plan.  Conservation of these environmental interest features in the 
estuary is, therefore, a very important consideration in assessing and, subsequently, 
realising any development proposals. 
 
To date, the majority of projects and the focus of technical assessments have 
concentrated on the area of the estuary downstream of the Chain Ferry.  
Developments have also been considered on an individual basis.  More recently, 
potential in-combination issues have been evaluated, particularly in respect to 
morphological effects, and the potential to affect features of the environmentally 
designated areas.  As yet, there has been no clear strategy to consider the sustainable 
use of the estuary. 
 
The main study objective is the development of a set of marine impact assessment 
tools that are fit for the purpose to deliver a robust assessment of the likely impacts 
(both at present and in the future) of various proposed developments (both individually, 
cumulatively and in-combination) identified for the Medina Estuary. 
 

1.2 Project Aims 
 
The application of the aforementioned tools is required to assess the potential estuary 
wide impacts related to the East Cowes Project, but also be flexible enough to assess 
future proposed developments potentially affecting the estuary environment.  The 
range of issues the tools have needed to consider includes: 
 



 

 

Marine Impact Assessment Tools - Medina Estuary Scheme Testing 

 

R/3609 2 R.1322 
 

�� Effects on the contemporary estuarine hydraulic processes (fluvial flows, tide 
and wave regimes); 

�� Effects on the sedimentary processes, such as sediment supply, sediment 
mobilisation or deposition and sediment transport directions and/or rates; 

�� Effects on the morphological evolution of the estuary over a range of spatial 
and time scales; and 

�� Impacts (direct and indirect) on other estuary features, uses and users, and 
designated conservation interests, due to the above effects. 

 
The final and most important objective is the expert interpretation of the results from 
application of these tools in respect to scale, magnitude, frequency and duration of any 
physical effect arising and determining the significance in terms of the key interests 
and features within the estuary. 
 

1.3 Marine Assessment Tools 
 
The first stage of the project was to develop the tools that could be used to evaluate 
the estuary-wide effects of proposed future developments under existing and future 
physical conditions within the Medina Estuary.  The development of these tools and a 
conceptual understanding of the historical development of the estuary are given in the 
following reports: 
 
�� Medina Estuary: Review of Intertidal and Subtidal Benthic Communities 

(ABPmer R.1269, 2006); 
�� Marine Impact Assessment Tools - Data Collation Document (ABPmer 

R.1299, 2006); 
�� Model Calibration and Validation Report: Medina Estuary, Isle of Wight 

(ABPmer R.1295, 2006); 
�� Marine Impact Assessment Tools - Medina Estuary Historic Understanding 

(ABPmer R1306, 2006). 
 
. 
 

1.4 Aim of Current Report 
 
The aim of the current report is to describe the use of the different techniques (tools); 
specifically numerical modelling, volumetric and morphological parameter analysis, 
along with the benthic community understanding to determine the impacts on the 
estuary processes, morphology, ecology and nature conservation arising from different 
development schemes under present day and future environmental conditions. 
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1.5 Model Schemes 
 
The schemes evaluated include the: 
 
Scheme 1:   Existing developments with present day hydrodynamics (Baseline);  
Scheme 2:   Effect of sea level rise alone with the present day (2006) development 

configuration and uses of the estuary, denoted the DSea Level Rise 
ScenarioF (SLR); 

Scheme 3:   Effect of a number of potential future developments together, denoted 
the DMaximum Development ScenarioF (MDS).  This is defined in 
Section 2; and 

Scheme 4: Maximum Development Scenario under the DforcingF conditions that is 
likely to exist 100 years in the future.  This scenario is denoted as DSea 
Level Rise and Maximum Development Scenario CombinedF. 

 
Following the analysis of these schemes, the detailed local, as well as estuary wide 
effects are presented for two potential East Cowes Marina layouts, denoted Scenario 1 
and Scenario 2.  Scenario 1 also formed a component part of the Maximum 
Development (MDS) Case.  Based on these results further assessment may be 
required to further optimise the development. 
 
These different schemes allow the relative effects of SLR and the developments to be 
assessed both alone and cumulatively.  The MDS case also gives an indication of the 
likely change that may occur in the estuary in the future and whether such order of 
development is sustainable in the future, either with or without possible mitigation 
methods. 
 
For the remainder of the report the effects of each scheme compared to the baseline 
are referred to as: 
 
�� SLR (i.e. the results of Scheme 2 versus Scheme 1); 
�� MDS (i.e. Scheme 3 versus Scheme 1); 
�� MDS and SLR (i.e. Scheme 4 versus Scheme 1); 
�� Scenario 1 (East Cowes Marina, Outer Breakwater location); 
�� Scenario 2 (East Cowes Marina, Inner Breakwater location). 
 

1.6 Report Layout 
 
The report is divided into the following sections: 
 
�� Section 2:  Details the individual developments which comprise the 

Maximum Development Case and define the SLR Scheme; 
�� Section 3: Presents the affects of the different schemes on the hydraulic 

processes, morphological evolution and sedimentary 
processes; 
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�� Section 4:  Reviews the ecology of the estuary and the potential 
development impacts. 

�� Section 5: Presents the results of modelling two preliminary breakwater 
and marina development configurations alone. 

 
Where appropriate, the estuary has been split and analysed in three sections, namely 
the Outer, Inner and Upper estuary, see Figure 1, in order to reflect the complex 
interactions taking place within the Medina Estuary.  The Outer estuary encompasses 
Cowes Road and Cowes Harbour up to the Chain Ferry while the Inner estuary 
extends from the Chain Ferry to Folly Inn, and the Upper estuary comprises the area 
between Folly Inn and Newport.  These sub-divisions follow those used within the 
previous reports to create clarity and maintain consistency. 
 
 

2. Evaluation Schemes 
 

2.1 The ‘Maximum Development Scenario’ 
 
The Maximum Development Scenario (MDS) is based upon all planned, anticipated 
and likely developments proposed for the Medina Estuary within the foreseeable future 
and include representations of the following developments, which are also illustrated in 
Figures 2 to 6: 
 
1. Royal Yacht Squadron (RYS) 
2. Cowes Yacht Haven (CYH) 
3. Eastern Entrance Channel 
4. Shrape Slipway 
5. Shrape Marina development 
6. Shrape Breakwater reclamation site 
7. GKN 
8. Britannia Wharf reclamation site 
9. Britannia Wharf dredge site 
10. Clarence Yard Slip Pontoon 
11. Medina Wharf dredge site 
12. Medina Wharf reclamation site 
13. East Cowes Cemetery dredge site and possible new jetty 
14. Thetis Road reclamation site 
15. East Cowes Sailing Club reclamation site 
16. Medina Wharf South reclamation site 
17. Northwood realignment setback site 
18. Island Marina holding area 
19. Island Harbour realignment setback site 
20. Dodnor Depot dredge site 
21. Dodnor Depot reclamation site 
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22. Folly Works sea defence enhancement  
23. Dodnor Reservoir 
24. Dodnor Cottages sea defence 
25. Newport Sill 
 

2.1.1 Outer Estuary 
 
Probably the most significant facet of the Maximum Development Scenario is the 
construction of an outer, surface-piercing breakwater.  For this evaluation the 
breakwater has been described in the modelling tools as a rubble mound structure, 
about 500m long at the location shown on Figure 2.  At this stage this may not be the 
optimum location/design or layout, but results from the modelling can be taken as an 
indicative effect. 
 
Developments 1 and 2 (RYS and Cowes Yacht Haven), see Figure 2 are located on 
the MedinaFs western bank and are already in existence but are integral to the working 
of the Outer estuary. With sea level rise it is envisaged that the sea defences at the 
rear of these facilities, and the Outer Harbour in general, will require to be raised.  It is, 
therefore, likely that this will cause a small encroachment into the marine area along 
the length of wall.  For the MDS case this encroachment has been taken as 1m, thus 
forming a narrow reclamation around the Outer estuary.  Development 3 involves the 
dredging of a secondary navigation channel of approximately 30m wide to the south 
and east of the newly proposed breakwater and is an integral part of the Shrape 
Marina Development, should the breakwater be constructed.  The model results have 
accounted for slope development either side of this dredged channel. The Shrape 
Marina Development in the lee of the Shrape Breakwater comprises development 
facets 4, 5, 6 (Figure 2). 
 
The new marina will comprise a layout of floating pontoons either secured on piles or 
by chains.  The outer pontoon is likely to be of a heavy duty, wave break form.  
Deepening of the present subtidal will be required to a minimum of about 2.5m below 
CD.  This dredging will also extend into the intertidal area, removing about 0.22ha.  In 
addition, reclamation will be required to widen and strengthen the Shrape Breakwater 
to provide access and to support the landside infrastructure.  It is also possible that a 
public slipway could be provided to the outside of the existing breakwater 
(Development 4).  The direct effect of these developments is, therefore, to reduce the 
amount of intertidal area in the Outer estuary due both to dredging and reclamation by 
about 0.8ha, giving a net reduction in tidal prism of about 3000m3. 
 
At the former GKN site (Development 7) the most significant works is the reclamation 
over the former slipways.  In front, a small amount of dredging is required to 
accommodate the new berth and mooring facility.  This development and the Shrape 
Marina Development would effectively merge together. 
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Developments incorporated into the MDS Scenario within the Outer estuary are 
illustrated in Figure 2, whilst dredge volumes and areas of reclamation are quantified in 
Table 1. 
 

2.1.2 Inner Estuary 
 
The main developments in this section of the estuary (Developments 8 to 16) are 
illustrated in Figure 3.  This section of the estuary contains most of the industrial 
wharves.  The main developments envisaged, therefore, comprise of raising the 
existing flood defences and, where possible, straightening them out to produce 
lengthened commercial quays or improve the conveyance of flows.  To do this, areas 
of higher level intertidal will require to be reclaimed as well as dredging to provide the 
new berthing facilities.  The developments at Britannia Wharf (9) and Medina Wharf 
(11) have dredged pockets to create new commercial berths in front of their proposed 
defences (developments 9 and 11, respectively) of approximately 50m wide by 300m 
long to 4m below CD. Further details are quantified in Table 1. On the east side of the 
estuary an additional jetty is located in front of the tank farm near the East Cowes 
Cemetery (Development 13).  The berth pocket allows for a 75m vessel with a width of 
around 30m at a depth of 4m below CD.  
 
Figure 3, also shows that the realigning of the defences (Developments 15 and 16) will 
reclaim intertidal areas creating further development land. 
 
Between Kingston Quay and Folly Inn no commercially orientated developments are 
presently considered likely.  However, some potential is envisaged to develop a 
possible setback area for managed habitat creation, which could act as environmental 
enhancement or mitigation for the effects of other developments.  This could be 
accomplished by either increasing the existing culvert at Location 17 on Figure 4 or 
building a new culvert, or creating a breach slightly further up river or a combination of 
these.  These breaches have been included within the MDS modelling and the area of 
setback determined from the natural levels behind, as recorded by the most recent 
LIDAR survey. 
 

2.1.3 Upper Estuary 
 
Development 22 increases the sea defences around Folly Works on the eastern bank 
(Figure 5) and incorporates an inland flood protection bund to the south of Medina 
Park.  The immediate inland area below these developments is suggested as a 
possible habitat enhancement area. For the purpose of the MDS case, this area has 
been left with its current bathymetric/topographic form, allowing natural flooding as sea 
level rises. To the south of this potential habitat area is the Island Marina.  In front of 
this, a small area is dredged to 2m below CD to accommodate more holding pontoons, 
which will run perpendicular to the shoreline out to the mean low water mark. South of 
this the existing sea wall could be removed to open up another setback area 
reinstating a former intertidal area.  Because of this the footpath in the vicinity will have 
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to be diverted and a flood protection bund will need to be placed inland to protect the 
Island Harbour Marina Facilities. 
 
On the western bank no development is envisaged in the area of Werrar Marsh 
allowing this area to develop naturally to the hydrodynamic/morphological forcing 
created by the other developments in conjunction with sea level rise. 
 
At the Dodnor Depot site accessed via Stag Lane, it is envisaged that a small berth 
could be developed, down to 2.5m below CD, by reclaiming a small triangular area of 
the river (Developments 21 and 22 on Figure 5).  Whilst implementing this 
development, the level of sea defences could be raised providing flood protection for 
the buildings and works behind.  This form of development at this site minimises the 
dredging requirement at this location.  The plan in the upper reaches of the Medina is 
to remove the existing defence separating Dodnor Reservoir from the main river and 
convert the area back to full tidal influences.  This would mean having to divert the 
existing footpath to the old railway bridge over the reservoir.  Directly south of the 
reservoir, sea defences will be increased to protect Dodnor Cottages (see Figure 6). 
 
In the approach to Newport Harbour it is envisaged that a half-tide sill could be located 
at a level between 1.5m to 2m below ODN.  These developments within the Upper 
estuary are illustrated in Figure 6. Table 1 shows the volumetric and area changes that 
each facet of the MDS causes directly to the estuary system.  This allows the relative 
significance of each development to be considered in its own right. 
 
Table 1. Direct volume and area impacts associated with the individual 

developments within the MDS 
 
Section Site Note Subtidal 

Volume m3 
Intertidal 
Volume m3 

Intertidal  
Surface Area 
m2 

Outer estuary 1 Infill -1588 -1442 -729 
 2 Infill -3328 -7379 -1863 
 3 Dredge 53162 88 -324 
 4 Infill Included in 7   
 5 Dredge 166126 1090 -2187 
 6 Infill -242 -814 -1701 
 7 Infill -54 -4855 -3078 
 1-7 Net 214076 -15175 -9153 
Inner estuary 8 Infill 0 -2124 -2187 
 9 Dredge 65711 1372 -1782 
 10 Dredge No data   
 11 Dredge 41803 2598 -1863 
 12 Infill 0 -278 -243 
 13 Dredge 17571 259 -729 
 14 Infill -203 -3501 -2592 
 15 Infill 0 -2916 -2673 
 16 Infill 0 -651 -1458 
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Section Site Note Subtidal 
Volume m3 

Intertidal 
Volume m3 

Intertidal  
Surface Area 
m2 

 17 Dredge No data   
 8-17 Net 124882 -5241 -13527 
Upper estuary 18 Dredge 0 25611 11178 
 19 Dredge 0 1650 -2187 
 20 Dredge 3914 873 -1944 
 21 Infill 0 -1876 -1539 
 22 Infill 0 -1331 -3888 
 23 Dredge 0 -1584 -2187 
 24 Infill 0 -1720 -2187 
 25 Neutral 73 55 -243 
 18-25 Net 3987 21678 -25353 
All 1-25 Total Net 342945 1262 -48033 
 
 
The concept of the MDS is to provide a realistic idea of future in-combination 
development scenarios within the Medina Estuary to enable comparison between 
present-day (baseline) conditions, and to determine the likely scale of combined 
impacts.  The results will indicate whether the estuary system will be able to 
satisfactorily function in terms of its Nature Conservation value, if subject to this order 
of development pressure and potentially the areas and individual developments that 
may cause most harm.  The information can, therefore, be used to help inform further 
planning decisions and or development designs. 
 

2.2 Sea Level Rise 
 
In October 2006 the Department for Environment, Food and Rural Affairs (Defra) 
published a supplementary note to the Flood and Coastal Defence Appraisal Guidance 
(FCDPAG3), relating to the impact of climate change and more specifically the 
quantification of net regional sea-level rise allowances. At the time of modelling the 
SLR guidelines specified by Defra for the East of England, East Midlands, London and 
South East England were 6mm/year, which for the 100-year SLR scheme equated to 
an increase in mean sea level by 0.6m above present-day (baseline) conditions.  This 
is the definition used in this assessment.  For the purpose of comparison, the new 
recommendations are set out in Table 2. 
 
Table 2. Regional net sea-level rise allowances 
 

Net Sea-Level Rise (mm/yr) Administrative or 
Devolved Region 

Assumed Vertical 
Land Movement 

(mm/yr) 1990-2025 2025-2055 2055-2085 2085-2115 
Previous 

Allowances 

East of England, 
East Midlands, 
London, SE England 
(South of 
Flamborough Head) 

-0.8 4.0 8.5 12.0 15.0 6mm/yr* 
constant 

* Updated figures now reflect an exponential curve, and replace the previous straight-line graph representations. 
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However, these new guidelines do not in any way effect the comparative analysis 
between the modelling scenarios.  The SLR values used within the model still provide 
an indication of the likely effects of sea-level rise, but based on the new, and more 
conservative allowances indicate the effects over a period of 71 years rather than 100 
years. 
 
 

3. Analysis 
 
This section of the report looks to individually analyse the potential estuary wide 
impacts to the following physical processes and their impacts on other estuary features 
and designated conservation interests within the Medina Estuary by identifying the 
areas of maximum change in context of the pre-defined schemes: 
 
�� Hydraulic Processes (Including tidal levels and flows); 
�� Morphological Evolution; and 
�� Sedimentary Processes. 
 
In addition, identifying areas of maximum change will enable assessment of the 
potential for associated in-combination effects. 
 

3.1 Hydraulic Processes 
 

3.1.1 Tide 
 
The hydrodynamics of the Medina Estuary are typical of those found within the Solent, 
exhibiting the double high water feature, with a relatively slack period (stand) around 
high water lasting up to 2.5 hours on spring tides.  The mean spring and neap tidal 
ranges at Cowes are 3.6m and 1.8m, respectively and, 2.2m and 1.5m at Newport, 
classifying the estuary as meso-tidal (with a tidal range less than 4m).  A more detailed 
description of the present-day (baseline) hydrodynamic characteristics for the Medina 
Estuary is provided in Section 4 of R.1306 Marine Impact Assessment Tools, Medina 
Estuary, Historic Understanding (ABPmer 2006). 
 
The following section analyses the effects of the SLR scenario, the MDS and, SLR 
scenario and the MDS combined, on the phasing and height of water levels within the 
Medina Estuary, when compared to present-day (baseline) conditions. 
 

3.1.1.1 Phasing 
 
SLR Scenario 
�� Analysis of the SLR scenario indicates a tendency for the timing of high water 

to occur marginally later at the location selected off Cowes but marginally 
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earlier (1.5 minutes) in the Upper estuary.  These differences are shown in 
Table 3 but are considered to be negligible with respect to the estuary as a 
whole. 

 
�� At low water a rise in mean sea level by 0.6m also appears to cause the timing 

of the tide to occur earlier throughout the estuary than for present-day 
(baseline) conditions.  This is particularly noticeable for the timing of low water 
at Blackhouse Quay near Newport, which occurs approximately 40 minutes 
earlier than during present-day (baseline) conditions. 

 
Table 3. Differences in water level phasing and height (average throughout a 

spring/neap cycle) 
 

Scheme/Location Difference in 
HW time (min) 

Difference in 
LW time (min) 

Difference in 
HW height (m) 

Difference in 
LW height (m) 

SLR     
Cowes Roads (West) 0.7 -0.2 0.63 0.63 
East Cowes Marina -1.0 -2.4 0.63 0.63 
Blackhouse Quay -1.5 -39.5 0.62 0.32 
MDS     
Cowes Roads (West) 0.5 -0.3 0.01 0.00 
East Cowes Marina -1.8 -1.2 0.01 0.00 
Blackhouse Quay -2.6 0.6 0.01 0.00 
SLR+MDS     
Cowes Roads (West) 0.7 -0.2 0.65 0.65 
East Cowes Marina -2.7 -1.6 0.65 0.64 
Blackhouse Quay -1.5 -38.7 0.64 0.34 

 
N.B.  Extraction point located on intertidal which dries at LW. 
 
 
MDS 
�� The MDS appears to make HW occur slightly earlier as the tide progresses up 

the estuary towards Newport in a similar manner to the impact of SLR and with 
the same order of change. 

 
�� However, while low water occurs slightly earlier at Cowes Roads/Cowes 

Harbour up to about Kingston Quay, low water occurs slightly later further up 
the estuary, particularly at Newport.  This suggests that the developments 
have caused the tidal prism to alter, thereby adjusting the phasing of the high 
and low water times. The local hypsometry (bed profile shape) has altered as 
a result of local changes to bathymetry, which has caused increased drag on 
the falling tide.  Overall these small changes in phasing are insignificant when 
considering the functioning of the estuary. 
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SLR Scenario and MDS 
�� The joint effect of SLR and the MDS show similar water level phase changes 

as those for the SLR scheme, whereby the timing of both high and low water 
within Cowes Roads and Cowes Harbour occurs marginally later than for 
present-day (baseline) conditions. 

 
�� Within the Upper estuary negligible differences in high water times are 

observed, however, the most noticeable change in water level phasing occurs 
at low water at Newport, where low water occurs approximately 40 minutes 
earlier than during present-day (baseline) conditions.  This effect is also noted 
during the SLR scheme, suggesting that SLR is the main driver behind the 
phase changes and not the MDS. 

 
�� The most significant interaction between the MDS and SLR scenario occurs 

within the Inner estuary section, however the effect is more than an order of 
magnitude lower than that caused by SLR alone within the Upper estuary. 

 
3.1.1.2 Water level 

 
In addition to changes in the phasing of the water levels within the estuary, it is also 
important to consider the effect of the schemes upon the water height, again these 
changes are presented in Table 3. 
 
SLR Scenario 
�� Throughout the estuary High Water (HW) levels increased in excess of 0.62m, 

slightly more in the down estuary sections. The 0.6m added to the mean sea 
level to account for the 100-year SLR scheme accounts for most of this 
change. 

 
�� At LW the change was about 0.63m suggesting no significant change to the 

tidal range has occurred for the Outer and Inner sections of the estuary. 
 

�� Throughout the estuary water levels are enhanced by about 0.03m due to the 
tidal propagation of the higher sea level through the estuary.  The model, 
however, does not allow morphological change throughout the period; 
therefore the effect could be exaggerated. 

 
�� The tidal range in the Outer estuary is unchanged, but due to the higher level 

in the tidal frame a larger tidal prism has to move through the system as 
whole. 

 
MDS 
�� The MDS case has a negligible impact upon water levels in comparison to the 

effects of SLR, but it does indicate that high water levels will be increased by 
the order of 0.01m with negligible change at LW, thus increasing the tidal 
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prism due to tidal propagation effects, in addition to the direct effects indicated 
in Table 1. 

 
SLR Scenario and MDS 
�� The combined effects of the SLR scenario and the MDS case cause water 

levels to rise by around 0.65m at HW and 0.64m at LW.  Comparisons with the 
previous data sets show the effect of the developments is greater at the higher 
water levels (double) compared with the effect at the baseline forcing 
conditions.  These changes are still very small compared with sea level rise 
and only have circa half the effect on the propagation of the tide that SLR 
caused alone. 

 
The water level trends identified above are also replicated in Figure 7, which highlight 
the consistent changes at Mean High Water Spring (MHWS) and Mean Low Water 
Spring (MLWS) between the various schemes and present-day (baseline) conditions. 
 
The variation in change of water level along the estuary for the effect of the MDS case 
under present day and circa 100 years time forcing conditions are amplified in Figures 
8 and 9 for a mean spring tide. 
 
Figure 8 shows the change that is predicted to occur at the present level of MHWS and 
MLWS whereas Figure 9 provides the same information around the present MHW and 
MLW value.  Comparison of the two plots show that differences in effect occur at 
different water levels in the tide.  The maximum difference that occurs at these 
important (for Nature Conservation purposes) water levels is of the order of half the 
maximum level of change. 
 
Both plots clearly show the effect of the MDS case is greater under future forcing 
conditions than for the present day, with the effect increasing up estuary at the highest 
water levels. 
 
Summary 
�� The hydrodynamic modelling results show a slight difference in the tidal 

phasing between the Outer, Inner and Upper estuary initiated by the 
introduction of different schemes into the system, suggesting that the 
processes controlling the water level vary spatially. 

 
�� The SLR scheme has the largest impact upon the water levels within the 

estuary. 
 
�� The effects of the MDS upon water levels are negligible when compared to 

present-day (baseline) conditions, particularly at LW but generally increase 
water levels at HW by up to 0.02m. 
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�� Maximum water level increases are approximately doubled by the MDS case 
under SLR forcing conditions compared with present day effects. 

 
3.1.2 Current Speed and Directions 
 
3.1.2.1 General evaluation 

 
In general, current speeds within the Medina Estuary progressively reduce towards 
Newport as the bathymetry shallows.  For the purpose of illustrating the effect of the 
various scenarios on the flows of the estuary, flow information has been extracted at 
various locations along the estuary.  These locations have been selected to give both 
an overall impression of the change due to the different scenarios but also to provide 
an indication of the specific effect of a number of the individual developments within 
the MDS case.  The coordinates of the locations selected, the baseline average current 
speed (over a spring/neap cycle) and the predicted change due to the developments 
are shown in Table 4.  The individual locations are shown in Figure 10 and the model 
time series information in Figures A1 to A28 (of Appendix A).   The following text briefly 
summaries the changes in the average flow conditions for the different scenarios 
modelled.  This is followed by a description of the effects in three sections of the 
estuary based on the time series information presented in Appendix A and the peak 
flood and ebb flow patterns throughout the estuary given in Appendix B. 
 
SLR Scenario 
�� Changes in average current speed anticipated as a result of SLR are most 

noticeable within Cowes Harbour, along Fairway Parade and the Eastern 
Entrance Channel, where speeds reduce by approximately 0.02m/s (13 to 
15%) as shown in Table 4.  This can be attributed to the increased volume of 
water propagating into (and out of) the estuary, increasing water depth and 
thereby reducing current speeds locally. 

 
�� South of the Chain Ferry, where the river is restricted by developments along 

the banks, there are local increases in current speed, particularly at Medina 
Wharf and East Cowes Marina, however, these increases in average flow 
speed are small (around 0.01 m/s or between 10 and 14%) and could be due 
to local changes in flow patterns. 

 
�� Within the intertidal areas of the estuary (predominantly between Kingston 

Quay and Newport) there are no anticipated changes in current speeds as a 
result of SLR alone. 
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Table 4. Changes in Average Current Speed due to Modelled Scenarios (m/s) 
 

 
Spring/Neap 

Cycle 
Average 

Velocity (m/s) 
Difference from Baseline (m/s) 

Location Easting Northing Baseline SLR MDS SLR+MDS 
Grantham Rocks 449126 96890 0.29 -0.01 0.00 -0.01 
Old Castle Point 450918 96798 0.24 0.00 0.01 0.01 
RYS 449453 96569 0.01 0.00 0.00 0.00 
Fairway Parade 449661 96499 0.13 -0.02 0.03 0.01 
Eastern Channel 450236 96576 0.15 -0.02 0.03 0.04 
Shrape Mud 450400 96380 0.18 0.00 0.07 0.04 
Fairway 449771 96320 0.10 0.00 0.00 0.00 
New Marina 450051 96223 0.07 0.00 -0.01 -0.01 
CYH 449801 96023 0.01 0.00 -0.01 -0.01 
ShepardFs Wharf 449945 95961 0.11 0.00 -0.01 -0.01 
GkN 450098 96035 0.09 -0.01 -0.04 -0.04 
Red Funnel RoRo 450118 95765 0.07 0.00 -0.01 -0.01 
Chain Ferry 450066 95612 0.32 0.01 0.00 0.01 
Britannia Wharf 449917 95142 0.10 0.00 -0.04 -0.03 
Medina Wharf 449975 94693 0.10 0.01 -0.05 -0.04 
East Cowes Marina 450138 94649 0.07 0.01 0.00 0.01 
Northwood Setback 450256 93498 0.06 0.00 0.00 0.00 
Folly Works 450737 93089 0.08 0.00 0.00 -0.01 
Saltmarsh 450741 92720 0.14 0.00 0.00 0.00 
Werrar Marsh 450726 92395 0.05 0.00 0.00 0.00 
Opposite Werrar 450969 92407 0.05 0.00 0.00 0.00 
Island Harbour 450882 92037 0.06 0.00 -0.05 -0.05 
Island Harbour Setback 450740 91856 0.09 0.00 0.00 0.00 
Dodnor Depot 450606 91728 0.09 0.00 -0.05 -0.05 
Dodnor 450509 91457 0.04 0.00 0.00 0.01 
Dodnor Cottages 450512 91178 0.09 0.00 0.00 0.00 
Leisure Centre 450461 90890 0.03 0.00 0.00 0.00 
Newport Harbour 450101 89879 0.03 0.00 0.00 0.00 

       
Key  = Intertidal  Increase  Decrease  

 

 
MDS 
�� Within the Outer estuary average current speed is increased by about 4% 

(0.01m/s) around Old Castle Point and up to 24% (0.03m/s) within the main 
fairway and the location of the eastern channel.  This is due to the 
concentration of flow around the ends of the new breakwater.  Over the 
Shrape Mud average flow speeds are increased by 0.07m/s (39%), again this 
is due to the east end of the breakwater moving and concentrating the 
streamlines inshore, thus impinging on the outer edge of the intertidal area 
outside the Shrape Breakwater. 

 
�� Within the Inner and Upper estuary localised reductions in average current 

speed are directly related to the local developments.  At Britannia and Medina 
Wharfs, average flow speeds are reduced by around 50% (-0.05m/s) as a 
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direct result of increased water depths from dredging operations to create the 
new berths,.  Similar orders of absolute change occur at the other dredged 
areas, the entrance to Island Harbour and the new Dodnor Depot berth.  At 
these locations the average absolute speeds become negligible.  Within the 
Outer estuary there is a small reduction in average current speed (-0.01m/s) 
throughout the whole Harbour (including the new marina), with larger 
reductions (-0.04m/s) within the area of the works at the former GKN site. 

 
�� The MDS appears to exert a larger effect on average current speeds within the 

estuary than for SLR without further development. 
 

SLR Scenario and MDS 
�� As shown on Figure 11 the effect of the MDS Scenario with the forcing 

conditions in circa 100 years time, for the most part is marginally less than 
under present day conditions, but generally larger than for SLR alone.   

 
�� The most significant changes (reductions) occur at the locations of dredging, 

throughout the estuary. 
 
�� The positive flow changes within Cowes Harbour are all associated with the 

change in flow patterns and the concentration of streamlines around the new 
breakwater.  These increases, however, are localised to the main channels 
and are not consistent throughout Cowes Harbour. 

 
�� The Inner and Upper estuary appears to adapt more easily to changes in 

water levels as the banks are less restricted by development.  As a result 
current speeds tend to decrease in the subtidal and lower intertidal areas due 
to the increased depth.  Over the upper intertidal flows are increased again 
due to the deeper water but there is less bed friction than for the shallower 
flows at lower water levels. 

 
�� These patterns are shown at the time of peak ebb and flood flows throughout 

the estuary in Figures 12 to 14 and 15 to 17, respectively, equivalent plots for 
the other scenarios are shown in Appendix B. 

 
3.1.2.2 Spatial evaluation 

 
Figures 12 to 14 show the flow pattern distributions in the three component parts of the 
estuary for the existing baseline case, with the MDS in circa 100 years time and a flow 
speed difference plot at the time of peak ebb flows in each section of the estuary.  A 
similar set of diagrams at the time of peak flood flows are shown in Figure 15 to 17. 
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Peak Ebb Flows 
In the harbour entrance peak ebb flows (running from east to west across the 
entrance) occur during the high water stand.  Figure 12 shows the breakwater to be 
approximately aligned; nevertheless localised changes are apparent close to the ends 
of the breakwater.  Inside the Shrape Breakwater little change occurs, even though the 
marina has been dredged.  
 
The breakwater generally reduces the flows along the streamlines in the immediate lee 
whilst, generally, increasing the flows passing between it and the Shrape Breakwater.  
On the Shrape Mud, the Dpoint location informationF indicated an increase in flow on the 
lower edge of the intertidal, which is also shown in the spatial plot but, just as 
significantly, also shows reductions in flow speeds adjacent to the high water mark. 
 
Within the harbour a general flow reduction occurs along the Marine Parade and a 
small increase within the new marina due to the increase in tidal prism passing through 
the area.  These works have no effect through the Chain Ferry. 
 
Within the Inner and Upper estuary the patterns of change are similar (see Figures 13 
and 14).  Flow speeds are generally increased over the upper mudflats (intertidal) 
whilst flows within the subtidal sections are generally decreased, but rarely more than  
-0.05m/s from the absolute velocities.  As indicated by the DpointF information (see 
Table 4 and Appendix A) flows in all dredged areas are reduced. 
 
Peak Flood Flows 
At the time of peak flood flows which occur about 5 hours after LW throughout the 
estuary a similar pattern and magnitude of change is evident within the Inner and 
Upper estuary (Figures 16 and 17) as on the ebb.  The only significant difference (ebb 
to flood) is the lower extent of flow speed reduction covering the lower intertidal.  The 
most significant changes occur very local to the individual developments. 
 
In the Outer estuary, the pattern of flow change is once again dominated by the 
DblockingF/diverting effect of the new breakwater.  Figure 15 shows the breakwater 
realigns the flows adjacent to it and creates a Dnull flowF zone immediately behind the 
western half.  The flow pattern around the immediate head of the Shrape Breakwater 
and into the harbour itself is little affected in directional terms. 
 
With respect to flow speeds, reductions in the peak flood flows are generally evident 
across the outer section of the main fairway as well as the DnullF zone behind the west 
end of the breakwater.  At the east end, the breakwater concentrates the flow between 
it and the Shrape Breakwater increasing flows by over 0.1m/s.  These increases 
continue into the Harbour on the west side along the face of the Cowes Yacht Haven 
where their magnitude is of the order of 5-10% of existing flows.  In general, flows are 
reduced through the outer area of the new marina (the area where little deepening is 
required) but are increased in the main area of dredging, due to the increased 
discharge requirement.   
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On the Shrape Mud outside the Harbour, flows are increased immediately against the 
shoreline and Shrape Breakwater but reduced over the upper half of the mudflat. 
 

3.1.2.3 Temporal evaluation 
 
Figures 18 and 19 show examples of the time series analysis of water levels, currents 
speeds and directions for a point within the area of the new proposed marina and at 
the Chain Ferry.  The full set of time series information for the sites shown in Figure 10 
are presented in Appendix A.  These diagrams show the change due to the various 
modelled scenarios through two consecutive spring tides and allow detailed 
interpretation of the local effects of each development within the MDS. 
 
Both locations show identical changes in water levels, which are similar through the 
estuary.  In general, imposition of the MDS case with existing baseline conditions 
causes only millimetre increases in high and low water levels on spring tides.  The 
level of change is; however, marginally greater with the 100-year conditions, albeit the 
total effect when SLR is included is in general marginally less than the 0.6m rise in 
mean sea level.  This is a slightly different result to that which was found for the 
average changes in high and low water levels throughout a full spring/neap cycle.  This 
tends to indicate that the overall effect tends to differ with tidal range, with the larger 
increases occurring on neap tides. 
 
Comparison of all locations in Appendix A, show a similar pattern to Figures 18 and 19. 
For the times when the estuary is wet, some discrepancies occur near to the times of 
model drying, which are considered to be a function of the model wetting and drying 
algorithm and are, therefore, not true effects. 
 
The plot for the site of the new marina (Figure 18) also shows the detailed pattern of 
change throughout the tide in terms of current speed and direction.  With sea level rise 
alone, at this location flow speeds are not substantially affected except around LW 
when flow speeds are increased up to about 0.2m/s (the peak speed).  For the upper 
part of the tide there is no difference.  The plot also shows there to be no significant 
difference in effect between the MDS being constructed today or in 100 years time.  Its 
impact is to reduce flows around 50% (0.1m/s) on the rising tide, with slack water 
remaining over the HW stand.  During the time of peak ebb flows a small increase in 
flow speeds is predicted. 
 
Directionally, SLR causes no significant change, however with the MDS scenarios the 
northerly ebb flow is maintained for longer and flow now occurs at the time of the 
young flood stand. 
 
Figure 19 (Chain Ferry) is highlighted as it indicates that SLR and MDS case have no 
significant effect on the flow speeds passing through the Chain Ferry. This indicates 
that the increased water level is balanced by the discharge passing, to maintain the 
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existing flows on both the flood and ebb tide.  This potentially indicates that in terms of 
flow speeds, developments in the outer harbour do not affect flows inside the Chain 
Ferry and vice versa. 
 
The following text discusses the general effects of the various modelled scenarios on 
three sections of the estuary: 
 
�� Around Newport; 
�� In the vicinity of Folly Works; and 
�� The entrance to the estuary. 
 
Newport Area 
For the most part flow speed changes are fairly random being within ±0.01m/s for all 
modelled scenarios.  With the SLR scenarios the increase in water depth makes the 
Dyoung floodF more pronounced and flow speeds are reduced during the second phase 
of the flood tide, causing the peak flows to occur during the first part of the flood.  Little 
change of significance occurs to the ebb tide flows, but LW occurs up to an hour earlier 
with reduced flow speeds. 
 
Folly Works 
In the area of Folly Works the time series locations show the effect of the MDS case is 
insignificant.  The only changes occur at the time of Dwetting and dryingF of the intertidal 
areas, which differ due to SLR.  At these times high velocities are induced in the 
model, which are not real, being an artefact of the modelling algorithm.  Such high 
velocities will tend to increase the potential for erosion around the drying level in 
subsequent sediment modelling, which will need to be considered in the evaluation of 
those results. 
 
Harbour Entrance 
Flow speeds and directions in this area vary due to local influence of the 
developments.  In Cowes Roads to the east and west flow speeds and directions are 
virtually unaffected by either SLR or the developments.  The biggest changes are 
caused by SLR where flow speeds are reduced 0.01-0.02m/s through most of the tide, 
except at the time of the maximum rate of fall of tide when flow speeds are increased. 
 
This change, however, depends on the precise location and could be as much as 
0.15m/s, being mainly due to the construction of the breakwater.  In general SLR tends 
to reduce flow speeds whilst the developments tend to increase the flows.  The SLR 
effect, however, is two to three times greater than the development effects. 
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3.2 Morphological Change 
 
The hydrodynamic model was run with the three future scenarios; MDS, sea level rise 
scenario and the combined scenario with the results compared with the existing 2006 
baseline scenario.  From each dataset a MHWS and MLWS surface along the estuary 
was derived.  This surface was imposed over the 2006 bathymetry and calculation 
made of the change in: 
 
�� Subtidal volume (below MLWS); 
�� Tidal prism (intertidal volume); 
�� Total estuary volume (below MHWS); 
�� Subtidal area (below MLWS); 
�� Intertidal area; 
�� Total surface area (at MHWS). 
 
This change data is presented in Tables 5 to 8 in both cumulative form along the 
estuary and with respect to each sub-area.  The percentage change has been 
calculated relative to the 2006 baseline condition (or, in the case of the comparison 
between the MDS case in 100 years time, the SLR condition) without the 
developments.  Table 5 indicates the effect of SLR without further development 
whereas Table 6 shows the effect of the MDS case as though it were to be constructed 
in 2006.  Table 7 gives the combined effects of SLR and the MDS case, whilst Table 8 
makes a comparison of the effect of constructing the total MDS case after SLR to show 
what difference the hydrodynamic conditions between now and circa 100 years time 
makes to the MDS imposed effects. 
 
For completeness, Table 9 shows the actual calculated volumetric and area values for 
each scenario.  The changes to the mean HW and LW levels for the different scenarios 
are shown on Figures 20 to 24. 
 

3.2.1 Volumetric and Surface Area Effects 
 
SLR Scenario 
Under the SLR scenario, the total volume of the estuary (below MHWS) is calculated to 
increase by 1.31 million m3 (17%) compared to 2006, of which 57% will be due to an 
increased tidal prism (i.e. water passing in and out of the estuary on a mean spring 
tide). 
 
Whilst the tidal prism is increased, the area of intertidal exposed on each tide is 
reduced by about 11ha (-9.2%) despite the total high water surface area increasing by 
about 13.2 ha (1.8%).  These changes are explained by the tide acting at a higher 
plane within the valley profile.  Near to low water the existing lower intertidal will be 
permanently flooded increasing the subtidal area but at high water, existing 
embankments/walls as well as the land profile beyond the existing high water mark (in 
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the unconstrained areas) do not allow sufficient flooding to equally compensate in area 
terms. 
 
All data shows, in percentage terms, the effect of SLR increases towards the tidal limit 
with the most significant effects occurring up estuary of Folly Inn.  Within sub area D 
(see Figure 1) the data indicates the total surface area will increase by about 11%.  
This is the only section where the intertidal area is increased (about 0.6 ha).  The 
subtidal area is also increased thus combining to give the total increase.  It should be 
noted these data do not take account of morphological readjustment that is likely to 
occur due to the change in hydrodynamic conditions affecting the sedimentary process 
during the 100-year period.  The changes to the flow patterns suggest they will be 
small by comparison. 
 
Table 5 shows the largest loss of intertidal area some 8.1 ha will be lost from the 
entrance area, predominantly over the area of the Shrape Mud.  A large percentage 
loss also occurs in area A between the Chain Ferry and Kingston Quay where walls 
and embankments confine a large proportion of the section, except at the very 
southern end. 
 
MDS (2006 hydrodynamics) 
This scenario determines the overall predicted effect of the combined effect of a 
number of relatively small developments on the estuary as though they were 
constructed today.  Overall, the developments direct impacts, combined with the effect 
on estuary water levels, cause a 0.33 million m3 increase in high water estuary volume 
(4.3%) which is predominantly subtidal in effect, since the tidal prism for the estuary as 
a whole is calculated to be reduced by 0.2% (see Table 6).  The table also indicates 
the much larger subtidal impact compared to intertidal.  Since MLWS water levels are 
not significantly changed by the developments (see Figures 8 and 9) the majority of 
effect is due directly to the volume of dredging rather than its impact on the 
propagation of water levels through the estuary.  This is confirmed by the fact that the 
total volumetric change is very close to that calculated for each individual development 
imposed on the model (Table 1). 
 
The modelled impact on the total intertidal area of the estuary for the MDS case is a 
reduction of about 8.4 ha (7.1%) of which 4.9 ha is attributable to the direct removal 
associated with the developments within the estuary. The overall change in HW 
surface area of the estuary has little affect (0.2%). 
 
The individual area change analysis helps to understand the impacts of the various 
developments in the different estuary sections.  This data in Table 6 shows the least 
impact occurs in areas B and C from Kingston Quay to Dodnor Reservoir (Stag Lane).  
Reference to the development definition diagrams (Figures 4 and 5) shows these are 
the areas where least development has been induced.  This, in part, tends to indicate 
the majority of impact from the developments (at least the smaller ones is very 
localised). 
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In area D, the tidal sill assists in increasing the subtidal volume and area by about 18% 
and 26% respectively.  At the same time, the tidal prism in the reach is reduced by a 
similar order in volume terms.  The maximum changes occur in the area between 
Kingston Quay and the Shrape Breakwater, which is the most significant area of 
developments.  The total effect is to reduce the intertidal area by 39% in area A and 
49% within Cowes Harbour, whilst only having a small change on the tidal prism within 
the areas.  The most significant change being to the subtidal volume, which increased 
by 20% and 25% in the two areas respectively, which is reflected in the increase in 
total HW volume. 
 
Comparison of Table 6 with Table 5 shows that, in terms of loss of intertidal area 
throughout the estuary, the MDS scenario removes (mostly by direct development) 8.4 
ha compared with about 11 ha for the 100 year SLR scenario.  For other parameters, 
however, the effects of the MDS case are considerably less than the SLR scenario with 
the differences increasing substantially in an up estuary direction.  For example, 
changes in tidal prism for the MDS case in each area vary for the most part less than ± 
1%, whereas with the SLR scenario changes vary from 6 to 32%. 
 
MDS and SLR Scenario (compared to 2006 baseline) 
The volumetric and area calculations are shown in Table 7.  Comparison of the data 
with the SLR scenario alone shows that, for the most part, the effects of the SLR 
scenario are enhanced (in the same direction) when the MDS case is added.  This 
supports the analysis of the modelled hydrodynamics given in Section 3.1. 
 
Introduction of the MDS case increased the estuary subtidal volume change from 31% 
(SLR scenario alone) up to 59% and also increased the tidal prism change from 13% 
to 20%.  These changes are predicted to cause an additional loss of 1.6 ha of 
intertidal, overall a 10.6% (12.6 ha) reduction over the 2006 conditions.  This is a net 
loss as intertidal areas are predicted to increase by about 3.3 ha up estuary of Folly 
Inn.  All the loss is down estuary of this point, most significantly in Cowes Harbour 
where the combined effects are expected to result in 50 to 60% loss of the existing 
intertidal. 
 
Throughout the estuary, the tidal prism is significantly increased, particularly in the 
more benign areas of the Upper estuary where it is increased by 48% over the whole 
area.  Thus, assuming sediment supply is unchanged, there is potential for a near 50% 
increase in sediment availability for deposition over present day conditions.  If 
sedimentation processes remain the same there is additional potential for accretion to 
occur, particularly on the intertidal areas, thus working to partially offset the loss from 
the developments and SLR alone.  Given present rates of sedimentation the intertidal 
levels will not be able to keep pace with SLR, although they will still show net 
accretion, providing supply is maintained. 
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MDS and SLR Scenario (compared to the SLR scenario alone) 
Table 8 shows the effect of the MDS case alone as though it were introduced in circa 
100 years time.  The total effect (direct and indirect) of the MDS case is to cause a 
reduction in intertidal area of all estuary sub-sections with the exception of Area C 
(Folly Inn to Dodnor) where a 10% (4.4 ha) increase is predicted.  The maximum 
reduction (3.8 ha) in intertidal area occurs within Cowes Harbour reflecting the effect of 
the most widespread developments. 
 
Cumulatively, there is predicted to be a net gain in intertidal area up estuary of the 
Chain Ferry, except near to Newport where little change is predicted.  This effect is, 
however, dominated by the change occurring in area C where both the subtidal area 
increases along with the intertidal.  This is the most natural section of the estuary with 
the maximum accommodation space, allowing the estuary to Droll backF.  Elsewhere, 
the effect of coastal squeeze is enhanced by the existing (and new) walls and 
embankments.  It should also be noted that most of the developments within area C 
are generally for Nature conservation purposes (which could be for 
mitigation/compensation of other developments).  The results show that these purely 
habitat related developments almost offset the full developmental effects within the 
estuary leaving a net 1.4% reduction in intertidal area (1.6 ha).  A similar pattern of 
change is seen with respect to tidal prism where there is a net increase in area C of 
26% but very little change elsewhere (in fact predominantly slight reductions).  Overall, 
the estuary net effect is a 6% increase in tidal prism.  Also, due to the MDS causing an 
enhancement in the level of LW, the subtidal volume of the estuary is also increased. 
 
Comparison of the results in Tables 8 and 6 show the change in effect of the MDS 
case due to the change in hydrodynamics.  The comparison shows that the loss of 
intertidal throughout the estuary due the developments will be greater (8.4 ha 
compared to 1.6 ha) than in 100 years time.  Thus, if the development is constructed 
today and mitigation put in place, the effect will not be exaggerated further due to sea 
level rise.  Initially, however, a larger area of mitigation/compensation than 
incorporated into the MDS case will be required to offset the immediate effects.  
However, if this is implemented, it is likely that an overall net benefit with respect to the 
MDS effect will result in the future. 
 
The next most significant difference is with respect to the tidal prism.  Figure 8 shows 
that the MDS case tends to marginally raise the tidal range by of the order of 0.007m 
with the 2006 hydrodynamics but in 100 years time of the order of 0.002m reduction in 
range is predicted near the mouth.  An increase of around 0.006m is predicted within 
the Chain Ferry but at a slightly higher level within the valley profile, which enhances 
the effect of SLR further.  This effectively creates the additional 6% increase in tidal 
prism in 100 years time compared to the minor loss under the present day conditions.  
Thus, on the assumption sediment concentrations and bed loads entering the estuary 
are unchanged, then there is a greater potential for sedimentation within the estuary in 
the future. 
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Table 5. Affect of SLR Alone 
 

Cumulative change along estuary 
Subtidal Volume Tidal Prism Total Volume Subtidal Area Intertidal Area Total Surface Area Cumulative Area 

Change m3 % change Change m3 % change Change m3 % change Change m2 % change Change m2 % change Change m2 % change 
d 8928 67 166258 32 175186 33 23652 70 5913 2.5 29565 11.0 
dc 84911 106 443700 24 528611 28 86589 53 -10692 -1.5 75897 8.9 

dcb 177390 62 563512 21 740902 25 113481 36 -13608 -1.5 99873 8.4 
dcba 308633 35 615927 17 924560 20 139644 26 -23733 -2.5 115911 7.8 

dcbabw 436873 28 671144 15 1108017 18 151470 20 -29484 -2.8 121986 6.8 
dcbabwe 567885 31 743225 13 1311109 17 243081 26 -110484 -9.2 132597 1.8 

Individual area change analysis 
Subtidal Volume Tidal Prism Total Volume Subtidal Area Intertidal Area Total Surface Area Area 

Change m3 % change Change m3 % change Change m3 % change Change m2 % change Change m2 % change Change m2 % change 
D 8928 67 166258 32 175186 33 23652 70 5913 2.5 29565 11.0 
C 75982 114 277443 21 353425 26 62937 48 -16605 -4 46332 8 
B 92479 45 119812 13 212291 19 26892 18 -2916 -2 23976 7 
A 131243 22 52415 6 183657 12 26163 12 -10125 -13 16038 6 

BW 128241 19 55217 6 183458 11 11826 5 -5751 -7 6075 2 
Entrance 131011 42 72081 7 203092 15 91611 50 -81000 -55 10611 3 
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Table 6. Affect of MDS existing 2006 
 

Cumulative change along estuary 
Subtidal Volume Tidal Prism Total Volume Subtidal Area Intertidal Area Total Surface Area 

Cumulative Area 
Change m3 % change Change m3 % change Change m3 % change Change m2 % change Change m2 % change Change m2 % change 

d 2407 18 -3083 -0.6 -676 -0.1 8748 26 1215 0.5 9963 3.7 
dc 5206 7 7745 0.4 12951 0.7 13284 8 -5670 -0.8 7614 0.9 
dcb 3364 1 4654 0.2 8018 0.3 14742 5 -1863 -0.2 12879 1.1 

dcba 118370 14 3281 0.1 121651 2.7 38718 7 -32886 -3.4 5832 0.4 
dcbabw 286658 19 6467 0.1 293125 4.8 72414 10 -75897 -7.3 -3483 -0.2 
dcbabwe 336203 18 -10432 -0.2 325771 4.3 71847 8 -84402 -7.1 -12555 -0.2 

Individual area change analysis 
Subtidal Volume Tidal Prism Total Volume Subtidal Area Intertidal Area Total Surface Area 

Area 
Change m3 % change Change m3 % change Change m3 % change Change m2 % change Change m2 % change Change m2 % change 

D 2407 18 -3083 -0.6 -676 -0.1 8748 26 1215 0.5 9963 3.7 
C 2799 4 10828 0.8 13627 1.0 4536 3 -6885 -2 -2349 -0.4 
B -1842 -1 -3091 -0.3 -4933 -0.4 1458 1 3807 2 5265 1.5 
A 115007 20 -1373 -0.2 113633 7.6 23976 11 -31023 -39 -7047 -2.4 

BW 168288 25 3186 0.3 171474 10.5 33696 15 -43011 -49 -9315 -3.0 
Entrance 49545 16 -16899 -1.6 32646 2 -567 -0.3 -8505 -6 -9072 -2.7 
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Table 7. Affect of MDS with SLR - Relative to 2006 Bathymetry 
 

Cumulative change along estuary 
Subtidal Volume Tidal Prism Total Volume Subtidal Area Intertidal Area Total Surface Area 

Cumulative Area 
Change m3 % change Change m3 % change Change m3 % change Change m2 % change Change m2 % change Change m2 % change 

d 9554 72 181333 35 190887 36 20574 61 5427 2.3 26001 9.7 
dc 134018 168 876848 48 1010866 53 103680 63 32886 4.8 136566 16.0 
dcb 249371 87 1001677 37 1251047 42 135513 43 21951 2.5 157464 13.2 

dcba 528232 61 1030803 28 1559035 35 161028 31 6399 0.7 167427 11.3 
dcbabw 877460 57 1066033 23 1943493 32 203310 27 -37179 -3.6 166131 9.3 
dcbabwe 1088326 59 1130729 20 2219055 30 295083 32 -126117 -10.6 168966 2.2 

Individual area change analysis 
Subtidal Volume Tidal Prism Total Volume Subtidal Area Intertidal Area Total Surface Area 

Area 
Change m3 % change Change m3 % change Change m3 % change Change m2 % change Change m2 % change Change m2 % change 

D 9554 72 181333 35 190887 36 20574 61 5427 2.3 26001 9.7 
C 124464 187 695515 53 819979 59 83106 64 27459 6 110565 18.9 
B 115352 56 124829 14 240181 22 31833 21 -10935 -6 20898 6.1 
A 278862 48 29127 3 307988 21 25515 12 -15552 -20 9963 3.4 

BW 349228 52 35230 4 384458 23 42282 19 -43578 -50 -1296 -0.4 
Entrance 210866 68 64696 6 275562 20 91773 50 -88938 -60 2835 0.9 
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Table 8. Affect of MDS in circa 100 years with SLR (i.e. difference between SLR case and MDS with SLR case) 
 

Cumulative change along estuary 
Subtidal Volume Tidal Prism Total Volume Subtidal Area Intertidal Area Total Surface Area 

Cumulative Area 
Change m3 % change Change m3 % change Change m3 % change Change m2 % change Change m2 % change Change m2 % change 

d 625 3 15075 2 15700 2 -3078 -5 -486 -0.2 -3564 -1.2 
dc 49107 30 433147 19 482255 20 17091 7 43578 6.4 60669 6.5 
dcb 71981 16 438164 13 510145 14 22032 5 35559 4.1 57591 4.4 

dcba 219600 19 414876 10 634476 12 21384 3 30132 3.2 51516 3.2 
dcbabw 440587 22 394889 7 835476 12 51840 6 -7695 -0.8 44145 2.3 
dcbabwe 520441 21 387504 6 907946 10 52002 4 -15633 -1.4 36369 0.4 

Individual area change analysis 
Subtidal Volume Tidal Prism Total Volume Subtidal Area Intertidal Area Total Surface Area 

Area 
Change m3 % change Change m3 % change Change m3 % change Change m2 % change Change m2 % change Change m2 % change 

D 625 3 15075 2 15700 2 -3078 -5 -486 -0.2 -3564 -1.2 
C 48482 34 418072 26 466554 27 20169 10 44064 10 64233 10.2 
B 22873 8 5017 0 27890 2 4941 3 -8019 -4 -3078 -0.8 
A 147619 21 -23288 -2 124331 7 -648 0 -5427 -8 -6075 -2.0 

BW 220988 28 -19987 -2 201000 11 30456 13 -37827 -46 -7371 -2.4 
Entrance 79854 14 -7385 -1 72470 5 162 0 -7938 -12 -7776 -2.3 
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Table 9. Actual calculated volumetric and area values for each scenario 
 

Year Area ID Vhw (m3) Shw (m2) Vlw (m3) Slw (m2) Tidal Prism (m3) Intertidal area 
(m2) 

Subtidal/ 
intertidal Area Total volume (m3) 

2006 d 532123 268596 13232.24 33615 518890.9 234981 0.14 532123 
2106 d 707309 298161 22161 57267 685149 240894 0.24 707309 
2006 dc 1910893 854955 79893 163539 1831001 691416 0.24 1910893 
2106 dc 2439505 930852 164804 250128 2274701 680724 0.37 2439505 
2006 dcb 3014104 1195722 285953 315495 2728151 880227 0.36 3014104 
2106 dcb 3755006 1295595 463343 428976 3291663 866619 0.49 3755006 
2006 dcba 4510406 1486026 871564 527229 3638842 958797 0.55 4510406 
2106 dcba 5434965 1601937 1180196 666873 4254769 935064 0.71 5434965 
2006 dcbabw 6150976 1793583 1544685 747144 4606291 1046439 0.71 6150976 
2106 dcbabw 7258993 1915569 1981558 898614 5277435 1016955 0.88 7258993 
2006 dcbabwe 7511535 2125197 1853303 930447 5658232 1194750 0.78 7511535 
2106 dcbabwe 8822645 2257794 2421188 1173528 6401457 1084266 1.08 8822645 
MDS          

MDS 2006 d 531447.5 278559 15639.18 42363 515808 236196 0.18 531447 
MDS 2106 d 723009.7 294597 22786.03 54189 700224 240408 0.23 723010 
MDS 2006 dc 1923845 862569 85098.71 176823 1838746 685746 0.26 1923845 
MDS 2106 dc 2921759 991521 213910.8 267219 2707849 724302 0.37 2921759 
MDS 2006 dcb 3022122 1208601 289316.8 330237 2732805 878364 0.38 3022122 
MDS 2106 dcb 4265151 1353186 535323.8 451008 3729827 902178 0.50 4265151 
MDS 2006 dcba 4632057 1491858 989934.2 565947 3642123 925911 0.61 4632057 
MDS 2106 dcba 6069441 1653453 1399796 688257 4669645 965196 0.71 6069441 
MDS 2006 dcbabw 6444101 1790100 1831343 819558 4612758 970542 0.84 6444101 
MDS 2106 dcbabw 8094469 1959714 2422145 950454 5672324 1009260 0.94 8094469 
MDS 2006 dcbabwe 7837307 2112642 2189506 1002294 5647800 1110348 0.90 7837307 
MDS 2106 dcbabwe 9730591 2294163 2941629 1225530 6788961 1068633 1.15 9730591 
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3.2.2 Assessment of the Proportional Effects of Individual Developments 

 
The Outer estuary comprises the area of most significant developments, many of 
which have been recently consented and constructed.  The net effect from the 
modelled developments is a total increase in subtidal volume of about 217,000 m3 and 
a net reduction in intertidal volume (tidal prism) of about 10,000 m3 and a reduction of 
intertidal area of about 1ha.  These figures do not include the volume and area taken 
up by the offshore breakwater as this is situated beyond the entrance to the estuary.  
Nearly all the subtidal volume change is due to the proposed Shrape Marina and the 
new entrance channel, along with about half the loss in subtidal area.  The majority of 
the rest being attributable to the reclamation works at the former GKN site. 
 
From the assessment of the effects on the hydrodynamics, little of the flow effects from 
these developments appear to significantly affect flows up estuary of the Chain Ferry, 
except for the effect on water levels.  With the MDS case alone, 99% of the effect on 
subtidal volume was evident down estuary of Kingston Quay and 65% within the Outer 
estuary alone.  The change in intertidal area within this section was 48% of the total 
change for the estuary as a whole.  From this information and the localised 
hydrodynamic effects around each development, it is hypothesised that the most 
significant effect on the morphology of the estuary is the construction of the outer 
breakwater, with the most significant changes being caused by the small changes in 
absolute water level and tidal range.  
 
Without modelling each individual development separately, from the breakdown of the 
MDS case with the different scenarios, it is estimated that about 80% of all effects on 
the estuary is as a result of the inclusion of the Outer breakwater and Shrape Marina 
development, of which about 80% (i.e. 64%) of this is due to the breakwater alone.  
About 15% of the total would be attributable to developments between the Chain Ferry 
and Kingston Quay, with the remaining 5% from all other developments within the 
estuary. 
 

3.2.3 Morphologic Parameter Results 
 
In ABPmer (2006) calculations were made for the OFBrien, Renger (volume and area) 
and Dronkers gamma parameter based on historic chart information.  Similar 
calculations have been made based on the results obtained from the modelling being 
applied to the modelled 2006 situation.  The aim was to determine how significant the 
SLR and MDS imposed changes were with respect to the historical changes.  The 
results of this analysis are shown in Table 10. 
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Table 10. Morphological parameters for future development scenarios 
 

Area ID Hypothetical Mouth O’Brien Renger A Renger V Dronker 

2006      
D Cross Section D 3463.2 0.0002136 1.598E-07 18.0 

DC Cross Section C 3796.0 0.0002069 1.093E-07 9.7 
DCB Cross Section B 5113.5 0.0002413 2E-07 5.4 

DCBA Cross Section A 9571.2 0.000291 3.947E-07 3.2 
DCBABw Cross Section Breakwater 2790.5 0.00031 4.866E-07 2.8 

DCBABwE Cross Section Entrance 1167.4 0.0003102 4.192E-07 3.3 

MDS 2006      
D Cross Section D 3445.558 0.0002881 2.015E-07 30.4 

DC Cross Section C 3854.91 0.0002207 1.144E-07 10.6 
DCB Cross Section B 5198.545 0.0002485 1.981E-07 5.9 

DCBA Cross Section A 10014.37 0.0003106 4.448E-07 3.2 
DCBABw Cross Section Breakwater 2543.057 0.0003422 5.715E-07 2.9 

DCBABwE Cross Section Entrance 1148.838 0.0003264 4.906E-07 3.1 

2106      
D Cross Section D 3349.4 0.0003517 2.493E-07 13.3 

DC Cross Section C 3469.2 0.0002785 1.902E-07 8.4 
DCB Cross Section B 5326.8 0.0002909 2.76E-07 5.2 

DCBA Cross Section A 9890.3 0.0003289 4.599E-07 3.4 
DCBABw Cross Section Breakwater 2799.1 0.0003412 5.458E-07 3.0 

DCBABwE Cross Section Entrance 1101.6 0.0003477 4.791E-07 3.6 

MDS 2106      
D Cross Section D 3187.7 0.0003389 2.625E-07 11.7 

DC Cross Section C 3944.1 0.0002707 2.176E-07 6.5 
DCB Cross Section B 5874.2 0.0002865 2.923E-07 4.7 

DCBA Cross Section A 10535.6 0.0003237 5.12E-07 2.9 
DCBABw Cross Section Breakwater 2707.8 0.0003465 6.307E-07 2.6 

DCBABwE Cross Section Entrance 1108.0 0.0003527 5.589E-07 3.1 

 
 

It should be noted the values for 2006 have been recalculated based on model results 
rather than historic chart analysis to provide a consistent base for comparison.  The 
change from the 2006 values indicate whether the estuary is moving towards or away 
from a more stable theoretical form and the relative magnitude of change gives an 
indication of the overall significance of the developments in the long-term perspective. 
 
The individual parameters have the following general meaning: 
 
�� The OFBrien Ratio (OFBrien, 1931) relates the estuary tidal prism with the mean 

cross sectional area at the mouth of the estuary.  For an estuary in stable 
equilibrium, it has been found that this value tends to 1x104 (10,000) (Gao and 
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Collins (1994)).  Values away from this indicate whether the mouth is either too 
large or too small for the tidal prism passing through. 

 
�� The Dronkers asymmetry ratio (�) (Dronkers, 1998) provides a measure of the 

magnitude of flood or ebb dominance of the estuary, calculated from the 
volume/area and tidal range information.  Values greater than one indicate a 
flood dominant estuary and less than one, ebb dominance. 

 
�� The Renger Area and Volume relationships (Renger and Partensky, 1974) 

indicate how close the overall dimensions of the estuary are to a theoretical 
stable tidal basin form.  For stability, the area relationship would tend to result 
in a value around 2.5x10-5 and the volume value to 8x10-9. 

 
Comparison of the various scenarios for the different parameters tends to give a mixed 
message.  Overall the Renger Area and Volume parameters tend to indicate that, with 
the MDS case, SLR and then SLR and MDS combined all reaches of the estuary tend 
to become progressively further from the theoretical stable form.  The values, however, 
are a long way from that form.  Comparing the trend with the historical information 
indicates a continuation of the slow movement away from the theoretical form, shown 
by the historic chart analysis. 
 
The OFBrien Ratio tends to indicate slightly different trends in each reach; however, the 
changes induced by all scenarios are small, generally causing less than 1% change in 
the ratio.  In area D (nearest Newport) the trends indicate that Cross Section D and the 
tidal prism beyond becomes less in equilibrium as the magnitude of effect of the 
combined scenarios increase.  This is similar to the historical trend. 
 
In Cowes Harbour the MDS case tends to make the estuary inside the entrance, as a 
whole, marginally less stable, whereas sea level rise has the opposite effect.  Within 
the Inner estuary, in general the MDS developments tend to create a marginally 
improved stability compared to the effects of SLR. 
 
The Chain Ferry is indicated as the controlling cross-section for the estuary and shows 
that the MDS case, with its changes to the cross-section immediately up estuary, tends 
to move the estuary beyond the Chain Ferry to the equilibrium form. This is similar to 
the results from the historical change analysis (ABPmer 2006).  SLR alone also moves 
the estuary to a more stable form, whilst the combined effect tends to cause an Dover-
shootF with the difference being of the same order as presently exists. 
 
It must be stressed that all changes are relatively small despite the fairly large effects 
due to the developments.  The changes in the OFBrien Ratio for a hypothesised mouth 
at the Chain Ferry indicates the estuary to be in a relatively stable form, which, whilst 
affected by the developments, will tend to cause short-term variability rather than any 
significant long-term trends.  Changes will occur due to the various development 
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scenarios in the up-estuary reaches but these are likely to be local readjustment with 
little net effect on the estuary as a whole. 
 
The Dronkers asymmetry ratio (�) parameter indicates the estuary will remain flood 
dominant from an area/volume and tidal height perspective in all reaches.  The various 
development scenarios do cause small changes in the relative strength of the 
dominance with the greatest changes occurring within the Upper estuary, particularly 
Area D 
 
The MDS case alone causes a 69% increase in the Dronkers Ratio in area D, 
however, the dominance is reduced by sea level rise (-26%) and slightly further by the 
MDS case in circa 100 years time.  For areas B, C and D combined the relative 
changes are smaller but a similar pattern of change is evident. 
 
For the estuary upstream of the Chain Ferry and Shrape Breakwater, the change in 
Dronkers gamma parameter is very small.  The MDS case makes no significant 
difference to the flood dominance for this extent of estuary, SLR alone tends to 
marginally increase the dominance, the combination of the developments with sea 
level rise tends to cause a predicted net reduction in flood dominance in circa 100 
years time.  However, all these changes are very small and do not indicate that they 
will result in large-scale changes to the estuary. 
 
Comparison with the historical data shows little difference with the trends identified, 
with changes being less than has occurred historically.  The situation for 2106 
(previous Defra guidance, 2080 on current guidance) with the MDS in place for the 
estuary as a whole is predicted to be similar to the situation in 1856 but with a lower 
level of flood dominance in the Upper estuary. 
 

3.2.4 Conclusion 
 
For all development scenarios, subtidal volume, surface area and total HW volume 
increased throughout the estuary by varying degrees.  Tidal prism obviously increased 
for all scenarios incorporating SLR due to the rise and fall of the tide occurring at a 
higher plane within the valley profile.  The tidal range, however, is only affected 
(increased) up to a maximum of around 0.007m.  The MDS case makes very little 
difference to the tidal prism under present day hydrodynamics.  Subtle changes in the 
individual parameters are evident within the different areas of the estuary for the 
different scenarios.  The most significant effects occur within Cowes Harbour, mainly 
as a direct result of the developments and area C (Folly Inn to Dodnor), the most 
natural section of the estuary, particularly under SLR conditions.  In this section the 
estuary is able to roll-back, whereas all other sections are both affected by the amount 
of future development and the existing effects of coastal squeeze, created by the DhardF 
boundaries (e.g. walls and embankments). 
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In general, the analysis of morphological parameters show that SLR and the 
developments only have relatively minor effects on the flood dominant nature of the 
estuary.  All changes are relatively small for the estuary as a whole and do not indicate 
that large morphological changes will be induced by either SLR or the MDS case. 
 
The Chain Ferry remains the control on the estuary upstream and large scale 
morphological change is unlikely to occur whilst no developments take place to change 
the estuary cross-section at this point. 
 

3.3 Sedimentary Processes 
 
Numerical modelling has been undertaken to investigate the sedimentary processes at 
work within the present day estuary and then to evaluate the potential effects of 
increasing sea levels and possible future developments.  During calibration, it was 
found that both the distribution throughout the estuary of suspended sediment 
concentrations as well as the erosion and accretion patterns was very DsensitiveF to the 
floc settling velocity and availability of material on the bed for re-erosion.  The effects of 
wave stirring, particularly outside the Shrape Breakwater, were also important in 
controlling the sediment transport within the estuary. 
 
Sediment sampling (e.g. Titan 2005) showed the characteristics of the surficial 
sediment varied throughout the estuary and were multi-modal in form.  The majority of 
the intertidal sediments are cohesive but consist of a wide range of sediment sizes 
from clays to gravel.  In Cowes Harbour, the main channel is generally composed of 
silt and sandy silt changing to gravel through the constriction of the Chain Ferry.  The 
Shrape Mud would generally be classified as relatively fine sand but also contains a 
large proportion of finer sediments.  Overall, the intertidal sediments are generally 80% 
silt size (2-63�m), 15-20% fine sand and the rest clay size. 
 
Following the calibration and sensitivity runs to find the best fit for the mixed nature of 
the sediments, (the sediments were assumed to be cohesive in nature based on the 
majority of the samples), the best simulation of suspended sediment concentrations 
throughout the estuary was obtained by using a 20�m characteristic sediment (floc) 
size. However, this did not give the correct rates of sedimentation.  Combining the 
results of both a 20�m and 130�m characteristic sediment (floc) size, including the 
effects of wave stirring and controlling the rate of erosion through the bed shear stress, 
the settling rate in a mud transport model (which also allows for fine sands and 
flocculation) reproduced dredging rates within the marinas and showed the same 
patterns and magnitudes of accretion and erosion as observed between 2001 - 2007, 
particularly in the lower half of the estuary.  Within the upper half of the estuary net 
erosion was evident in the model at the edge of, and on the lower subtidal.  This is 
consistent with the historical trends, but did not correlate so well with the changes that 
have occurred over the last five years.  The use of intermediate settling velocities 
(characterised by 60 and 70�m floc size) alone, gave reasonable representation of 
depths of accretion, but did not represent the suspended sediment concentrations up 
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estuary.  The modelling did, however, reproduce the latest trend for accretion within 
the upper half of the estuary, but did not show the same order of calibration in the 
erosion areas in the lower half of the estuary. 
 
This sensitivity analysis indicates the complex nature of the estuary and shows that 
one characteristic floc size does not represent all the features of the estuary.  It also, 
possibly, indicates that the characteristic sediment sizes within the estuary have 
changed over time as accretion and erosion have occurred and could possibly change 
in the future.  This indicates that any prediction in the future will be subject to 
uncertainty.  For this reason the results of two modelling Dset upsF are presented, which 
between them indicate all the main features of the sediment processes that occur at 
present and have been observed in the past. 
 
Model Dset upF 1 comprises the combination of results from the modelling of the 20�m 
and 130�m characteristic floc sizes within a mud transport model, incorporating wave 
disturbance at the entrance.  Model Dset upF 2 comprises the same forcing conditions, 
but uses a 60�m representative characteristic sediment (floc) size. 
 
The model results for the different model set ups and development scenarios are 
presented as map plots (spatial change) of the simulated changes in bed thickness 
(positive and negative) scaled from the length of the model run, a full spring/neap 
cycle, to an annual change.  Difference plots between the scenarios are also presented 
to more clearly show the impacts attributable to the different scenarios. 
   

3.3.1 Model Set Up 1 
 

3.3.1.1 Existing case (baseline)  
 
Figure 25 shows the predicted annual bed level change in metres within the Medina 
Estuary for the existing conditions (baseline).  Seaward of the Chain Ferry accretion is 
evident along the west side of Cowes Harbour with rates varying between 0 and up to 
around 0.2m/yr at specific locations.  The average accumulation rate for the area of the 
Cowes Yacht Haven is about 0.13m/yr.  The data in the Defra dredge disposal 
database does not allow an average for the Haven to be calculated but it would 
indicate a rate of 0.11m to 0.14m/yr for the whole west side of the harbour. 
 
Small rates of accretion, generally up to about 0.02m/yr (with DspotsF up to 0.1 m/yr), 
are also indicated along the lower edge of the Shrape intertidal inside the breakwater 
and the western edge of the main fairway off the Royal Yacht Squadron.  Both areas 
coincide with areas where the Titan 2005 sampling showed the bed comprised a 
higher proportion of finer sediments than was characteristic over the rest of the Outer 
estuary. 
 
Over the Shrape Mud intertidal there is a distinct difference either side of the 
breakwater.  Outside, the intertidal is shown to be stable, whereas inside a uniform 
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erosional tendency is apparent with a rate of between 0.02-0.04m/yr.  This pattern of 
results is consistent with the bed sample analysis where sand predominates over the 
Outer Shrape Mud, consistent with re-working due to waves.  Inside, sand and gravel 
are exposed on the intertidal, suggesting fines are eroded from the area and 
accumulate around the low water line.  The rates of erosion may be higher than would 
actually occur since the density profile of the bed is not simulated within eroding areas.  
This will have the tendency to over predict depths of erosion. 
 
The main channel bed generally consists of gravels and sands with silt, and, for the 
most part (except for capital deepening) does not require maintenance dredging.  The 
model results show that no net erosion or accretion occurs in these areas, thus 
conforming to reality.  At the Chain Ferry the model results suggest the channel is 
predominantly stable, although a small erosion tendency is indicated on the east side. 
 
Overall, the modelling of sediment accretion and erosion distributions correspond well 
with the bed sediment characteristics, dredging rates and known areas of stability 
within the Outer estuary and outside the Shrape Breakwater.  In addition, the 
difference pattern and average annual magnitudes at specific locations conform well, 
with a bathymetric survey difference analysis for the period December 2001 to March 
2007, see Appendix C.  
 
Within area A (Chain Ferry to Kingston Quay), small-scale erosion is predicted over the 
intertidal areas, with stability within the main subtidal channel.  Sedimentation occurs 
within the embayments and wharves, particularly East Cowes Marina, where the 
average calculated rate matches that calculated from the dredging records.  Upstream 
of Kingston Quay, the sediment transport modelling shows a consistent pattern for an 
erosion tendency across the lower intertidal and shallow subtidal areas, with deposition 
of the order of 0.01m/yr over the middle to upper intertidal areas.  The deeper subtidal 
shows stability, throughout the estuary as a whole. 
 
This suggests that there is a tendency for horizontal erosion at the lower tidal levels, 
creating a wider low channel throughout most of the Inner and Upper estuary.  The 
deposition along the Upper intertidal will comprise, mainly the finer sand and silt 
sediments and indicates more of a redistribution of eroded material than a new 
sediment influx, at the same time steepening the shoreline profile and sorting the 
sediments.  The finer sediments generally migrate towards the higher levels. 
 
Dividing the estuary into two regions at the Chain Ferry, the sediment transport model 
can be used to assess the overall sedimentation trends within the estuary.  Upstream 
of the Chain Ferry, the estuary would appear to be relatively stable, with some internal 
sediment redistribution and a slight overall erosional trend.  Overall, however, Cowes 
Harbour exhibits a marginal accretional trend.  These results correspond well with the 
volumetric analysis for the most recent survey data, which indicated accretion in the 
Outer estuary.  Within the Inner and Upper estuary the most recent bathymetric 
analysis indicate a small annual millimetric tendency towards accretion, whereas the 
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model indicates erosion, which is characteristic of the historic analysis rather than over 
the last five years. 
 
Towards the head of the estuary at Newport, the sediments tend to fine towards the 
tidal limit.  Based on the model results, the sedimentation that occurs within Newport 
Harbour is considered to be a function of both sediment settling fractions with the rates 
influenced by the amount of fluvial input.  Based on the combination of the 20�m and 
130�m modelling the average accumulation rate within Newport Harbour is predicted 
as about 0.03m/yr, which is lower than dredging records would suggest.  Tests with 
higher fluvial input (and associated sediment concentrations) resulted in more 
accretion within the harbour but with little effect in the rest of the estuary. 
 

3.3.1.2 SLR scenario 
 
The annual change in sediment thickness (or bed level change) resulting from the tidal 
effects of a 0.6m rise in mean sea level is shown in Figure 26.  Under previous Defra 
guidance, this rise was considered to be the likely situation that would exist in 100 
years time.  However, this guidance changed during the study and a 0.6m rise is now 
equivalent to approximately 74 years in the future.  Comparison between Figures 26 
and 25 show significant changes (increases) in the accretion patterns within the Outer 
estuary.  With sea level rise, increased sedimentation is induced across the mouth of 
the estuary, conforming to the shape and location of the existing intertidal area and 
extending northwards over the bed slope down into Cowes Road.  Sedimentation rates 
are also increased over a slightly larger area (particularly closer to the mouth) on the 
west side of the Harbour including Cowes Yacht Haven, ShepardFs Wharf and out to 
the Royal Yacht Squadron.  This tends to show that, as sea level rises, the 
maintenance dredging commitment for these existing facilities will increase. 
 
Sedimentation is also shown to occur on the intertidal immediately outside the Shrape 
Breakwater and a DtongueF extends out from the end, across the already shallow area 
used at present for small craft moorings.  The erosion tendency over the inside 
intertidal is reduced compared to present day conditions and accretion is induced 
immediately adjacent to the breakwater. 
 
The results suggest that rising sea levels will induce sedimentation, leading to a 
tendency for a bar to develop across the main fairway at the location of the RYS 
Haven.  The flows within the main fairway are, however, strong enough to maintain a 
channel, however, it is likely to be narrowed from both sides. 
 
Maximum rates of accumulation are predicted at the edge of the fairway with rates of 
the order of 0.1 - 0.2m/yr (i.e. similar to rates of accumulation currently experienced in 
the Cowes Yacht Haven). Sedimentation rates elsewhere are generally less than 
0.02m/yr (i.e. about 15% of that experienced in the marinas today).  For the most part, 
this is in deep water thus not significantly affecting navigation, except around the outer 
edge of the existing Shrape Mud.  If we assume the increase occurs throughout the 
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period of rise, then the level of low water will approximately keep pace with the rise.  At 
high water this is not the case, therefore, a flattening of the intertidal would be 
predicted with its current overall area approximately maintained. 
 
Inside the Chain Ferry the distribution of accretion and erosion areas is almost identical 
for the present day and SLR scenario.  However, the magnitude of the erosion in the 
shallow subtidal and lower intertidal is lower in the future.  The accretion at the middle 
upper levels is also reduced but to a lesser extent.  These changes tend to support the 
supposition from the existing conditions that deposition towards the upper intertidal is 
predominantly due to a redistribution of the finer sediments eroded in widening the 
subtidal channel or reducing the level of the lower intertidal.  Comparison of Figures 25 
and 26 show that the rate of erosion at levels nearer the low water mark is reduced to 
of the order of 25-50% of the existing erosion tendency, whereas the change in the 
accretion rates at the higher levels is much less.  This is possibly explained due to the 
6% increase in tidal prism, bringing more sediment into the estuary in suspension, 
supplementing the reduced deposition from redistribution.  Despite a rise in high water 
levels, exceeding 0.6m within the estuary, the sediment transport modelling shows that 
very little sediment is able to be transported and deposited to these higher levels, 
particularly in the Inner and Upper estuary. 
 
These changes also indicate that sea level rise tends to create greater overall stability 
in the sediment transport than exists at present.   If it is assumed that during the period 
of SLR the change is progressive between the two distributions, then it can be seen 
that rates of sedimentation adjacent to the high water mark, where the intertidal is 
narrow, tend to accrete at a similar rate to sea level rise.  However, where the intertidal 
is wide, the settlement occurs at a lower bed level.  Overall, there is a steepening of 
the lower intertidal profile, with a very slight overall rise.  This change, however, is 
indicated to slow as the mean water level rises, thus tending further towards stability.  
This pattern of change is the exact opposite to that which occurs over the outer Shrape 
Mud (see above) where the accretion occurs around LW with little change towards HW 
causing a flattening of the profile. 
 
Analysis of the fine sediment distribution in the water column tends to show that influx 
in the tidal prism is insufficient alone to allow bed levels to rise with sea level.  
Moreover, if erosion at the edge of the subtidal and on the lower intertidal can continue 
(releasing fine sediments) then the upper intertidal has the potential to increase at a 
similar rate to sea level rise.  However, it is possible that bed shear stresses will 
reduce and the density of the bed increases, therefore, erosion rates are likely to 
reduce, which will not provide the supply for upper levels to accrete. 
 
This analysis, therefore, tends to indicate that without significant changes to the 
estuary, SLR will cause the estuary bed to move further towards stability.  This is a 
process that the historic analysis suggests has already started. 
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3.3.1.3 MDS 
 
The modelled annual change in bed levels predicted by the sediment transport model 
for the MDS case under present day hydrodynamic forcing is shown in Figure 27 and 
the difference between this and the existing baseline case is shown in Figure 28, thus 
showing the actual effect attributable to all the developments in combination. 
 
In the Outer estuary, introduction of the MDS case causes an increase in 
sedimentation.  The new breakwater induces sedimentation at rates up to about 
0.04m/yr both immediately inshore and offshore of the structure.  A bank of increased 
sediment deposition is predicted to occur in a line running between the centre of the 
new breakwater to the end of the Shrape Breakwater, which would cause a bar across 
the newly dredged secondary eastern channel.  In terms of maintenance dredging of 
the new channel, this accumulation equates to the order of 200m3/yr.  On the west side 
of the fairway, annual rates of sediment deposition are not significantly increased over 
the baseline condition but the areas of deposition extend further towards and into the 
western edge of the fairway.  This is particularly evident off Town Quay and along the 
face of the Cowes Yacht Haven. The model also shows the potential for a bar to 
develop from the RYS towards the end of the new breakwater, which would eventually 
narrow the main fairway if vessel movements and dredging did not remove it.  The rate 
of accumulation across the channel, however, is slow at between 0.005-0.01m/yr. 
 
Within the new marina, the outer berths (beyond the shelter of the Shrape Breakwater) 
are predicted to remain free from sedimentation.  The newly dredged areas induce 
sedimentation predominantly of fine silty sand up to rates of around 0.1m/yr. This 
siltation extends into the former GKN site.  In the remaining intertidal a small net 
erosion tendency remains but this is considerably less than currently exists.  Due to the 
existing substrate, this area is predicted to remain stable with the possibility of some 
very slow accretion adjacent to the newly reclaimed area.  Overall, maintenance 
dredging for the new marina facility is estimated to be in the order of 4000 m3/yr in situ. 
 
With the exception of the western edge, the main fairway is predicted to remain free 
from sedimentation and no change will occur through the Chain Ferry constriction.  Up 
estuary of the Chain Ferry the general sedimentation and erosion pattern is the same 
as for the existing case, albeit the magnitudes have changed.  Local effects are 
however evident at the locations of the component developments.  These changes are 
most marked where dredging for new wharves is involved, for example, at Britannia 
and Medina Wharves and the entrance to Island Harbour where increased 
sedimentation is predicted up to around 0.1m/yr for the new wharves.  This increased 
deposition is generally confined to the areas dredged and, therefore, if the 
developments were to take place, maintenance dredging at a rate proportional to the 
area of the berth pocket would be required.  For example, for a berth of 150m x 25m 
the annual maintenance dredge commitment would be of the order of 375m3.  Due to 
the small amounts, maintenance dredging would only be economic on a circa five year 
time interval. 



 

 

Marine Impact Assessment Tools - Medina Estuary Scheme Testing 

 

R/3609 38 R.1322 
 

 
Figure 27 compared to Figure 25 shows that with the MDS case deposition would 
dominate either side of the main channel from the Outer Breakwater up to Kingston 
Quay. 
 
Up estuary of Kingston Quay, the MDS tends to reduce the potential for erosion of the 
shallow subtidal and lower intertidal compared to the baseline case.  This reduced 
erosion reduces the sediment available for redistribution to the upper tidal.  The MDS 
case, therefore, does not appear to change the processes at work in the estuary just 
reduces the potential magnitude of effect. 
 
Therefore, the estuary will continue to try and widen at LW (albeit at a slower rate) and 
redistribute the released finer sediment (should it continue to be available) to the upper 
intertidal.  As at present, these rates of change are very slow and would be difficult to 
see/monitor on an annual scale and in some areas even on a decadal scale. 
 
These effects of the MDS case on the sedimentation patterns in the Inner and Upper 
estuary are almost the same as that predicted for the SLR scenario, compare Figures 
26 and 27. 
 
In summary, the MDS case tends to cause increased accretion within the Outer 
estuary, which extends through to Kingston Quay, due, predominantly, to the capital 
dredging and wall realignments.  In the remainder of the estuary, the small changes to 
the water levels and hydrodynamics tend to reduce the present erosional tendency 
below the level of the lower intertidal.  The developments do not, therefore, change the 
processes occurring but do reduce the magnitude of effect. 
 
In the Outer estuary, the increase in accretion is a function of the changed flow 
patterns, primarily due to the new breakwater as well as the deepening for the new 
marina, particularly as the change to the tidal prism as a result of the developments is 
negligible with respect to the prism as a whole. 
 
Within the Inner and Upper estuary the effect of the component developments appears 
to be limited to the immediate vicinity of the works and appear to have little or no effect 
on the estuary wide hydrodynamics and sediment patterns.  The effects throughout the 
estuary would appear from the results to be almost entirely dominated by the new 
breakwater. 
 

3.3.1.4 SLR scenario and MDS 
 
Figure 29 shows the annual bed level change predicted by the sediment transport 
model for the MDS case developments for the hydrodynamic forcing associated with 
an increase in mean sea level of 0.6m.  Comparison with Figures 26 and 27 indicate 
that most differences are generally confined to the Outer estuary and little obvious 
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changes are apparent through the rest of the estuary.  Figure 30 is presented to show 
any changes that occur more clearly, from introducing the MDS in the future.   
 
With SLR alone, the most significant change was the tendency for a bar to form across 
the entrance.  Figure 30 shows the inclusion of the developments create a number of 
very localised effects due to the change to the hydrodynamic flows around the 
breakwater.  Generally, the breakwater concentrates flows at either end.  This has the 
effect of significantly reducing the accretion in and at the western edge of the main 
fairway that was induced by SLR alone.  At this location, the breakwater will be of 
benefit in maintaining the main fairway.  In fact, at this location, it almost completely 
nullifies the effect of the SLR. 
 
At the eastern end of the new breakwater, the accretion caused by sea level rise has 
been moved further north and the flow constriction between it and the Shrape 
Breakwater has marginally reduced the accretion in the area that is now immediately 
behind the eastern half of the breakwater.  Immediately behind the centre section of 
the new breakwater a zone of accretion is created which links across to the Shrape 
Breakwater.  This occurs under the present day conditions but with sea level rise the 
effect is marginally enhanced adjacent to each structure, although the sedimentation 
rate is marginally reduced within the actual secondary channel.  This indicates that a 
small amount of maintenance dredging will be required to avoid the slow formation of a 
tombolo connecting the breakwater to the shore.  The amount of dredging required is 
likely to be marginally lower in the future than if constructed under present conditions.  
This effect can be explained by reference to the change the new breakwater makes to 
the flood streamlines, where a slack zone is created immediately behind the western 
half of the breakwater, thus significantly reducing the power available in this area of the 
structure for the maintenance of longshore transport. 
 
Overall, the inclusion of the new breakwater and eastern second channel, whilst 
causing marginal accretion in the fairways under existing conditions, will become 
beneficial in maintaining channel depths as sea level rises. 
 
Sedimentation rates inside the Shrape Breakwater will be, for the most part, increased 
within the marina facilities and particularly around Town Quay over the effect of SLR 
alone.  However, the overall rates will be little different to those which would occur if 
the MDS case was constructed under present conditions. 
 
Along the remainder of the estuary, Figure 30 clearly shows the main effects of the 
MDS case remain local to the individual component developments.  Also, the effects 
on the estuary as a whole of the MDS in the future is considerably lower than if 
constructed today, compare Figures 30 and 28. 
 
In general terms, SLR causes a reduction in erosion around the lower water levels, 
which was caused by the MDS case under existing conditions.  The estuary wide 
effects of the MDS would appear to be nullified by the higher water levels, creating no 
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change or perhaps a very slight reduction in the erosion capacity.  This potential further 
reduction in erosion at the lower levels translates into the very marginal reduction in 
accretion around the higher intertidal levels. 
 
Overall, the effect of the MDS case inside the Chain Ferry if constructed 74-100 years 
in the future would have negligible effect on the estuary that would exist at that time.  
All effects, with the exception of dredged pockets, would be confined to the Outer 
estuary.  Moreover, this section of the estuary would become more stable than already 
exists at present. This analysis corroborates that indicated by the calculation of the 
morphological parameters, based on the calculation of volumetric and area changes. 
 

3.3.2 Model Set-up 2 
 
As a result of the complexity in the sediment dynamics throughout the estuary, a 
second model set-up has been run with the sediment simulated with a 60�m floc size.  
This data set, along with model set-up 1, gives the order of sensitivity of the sediment 
dynamics throughout the system. 
 

3.3.2.1 Existing case (baseline) 
 
Figure 31 shows the resulting prediction of annual accretion throughout the estuary 
from this model set-up.  Comparison with Figure 25 (model set-up 1) shows the same 
overall general pattern throughout the estuary, the differences being the precise 
magnitude of change.  The range scale on both diagrams is the same, indicating the 
orders of change are the same between set-ups, showing the differences to be 
relatively small. 
 
With model set-up 2, slight erosion (less than 0.005m per year) is predicted in the main 
channel and lower intertidal.  With model set-up 1 there was no change in the subtidal 
but more erosion was predicted over the lower intertidal.  There was little difference 
over the upper intertidal areas, up estuary of the Chain Ferry.  The main difference 
occurred at Cowes.  Here the main subtidal areas show slight erosion compared to no 
change with model set-up 1.  Also, no change is evident over the Shrape Mud, where 
erosion has occurred since 2001, whereas this is evident at approximately the correct 
magnitude for model set-up 1.  Rates of accumulation in the marinas are little different. 
 

3.3.2.2 SLR scenario 
 
With a 0.6m rise in seal level, generally, the largest changes predicted to occur, are 
less than 0.08m per year (accretion), in the vicinity of Cowes.  Figure 32 shows this 
dominates throughout the area.  The lowest accretion rates occur through the centre of 
the harbour, suggesting sea level rise would lead to a tendency for the main channel to 
move eastwards from its present position.  Moreover, maintenance dredging for the 
harbour as a whole would be increased but little change within the more protected 
marina areas is predicted to occur.  In the deeper areas off Cowes Road potential for 
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erosion is indicated.  By comparison, the higher floc settling velocity represented by the 
130�m floc size of model set-up 1 indicates a similar sedimentation pattern as 
presently exists, except for higher rates of accretion, particularly in the vicinity of the 
western edge of the fairway near to the Marine Parade Landing, where the rate 
increases from up to 0.02m per year to around 0.08m year.  Over the Shrape Mud the 
sea level rise creates a reduction in the erosion potential of about 0.02m per year 
(approximately 50%). 
 
Throughout the rest of the estuary, sea level rise with model set-up 2 generally 
increases the rate of erosion in the main channel and lower intertidal.  Less material, 
however, is deposited on the mid intertidal; the deeper water allowing more material to 
spread to the higher levels, giving a more uniform accretion over a wider area at a 
lower maximum thickness in the mid intertidal.   
 
With model set-up 1, the higher settling rate did not allow this more widespread 
distribution, maintaining the maximum accretion on the mid intertidal despite higher 
rates of erosion at the edge of the intertidal.  The subtidal, however, showed marginally 
lower rates of erosion with model set-up 1 compared to model set-up 2.  Inside the 
Chain Ferry the differences between the two model set-ups, for the most part, are 
small, generally less than 0.01m in bed thickness per year. 
 

3.3.2.3 MDS 
 
When the MDS scenario is introduced to the model, Figure 33 shows that the effect in 
general pattern is similar to the effect of sea level rise, with the change being 
exaggerated immediately adjacent to the main component developments.  This is most 
clearly seen opposite East Cowes Marina, where the river wall has been realigned, 
with a small reclamation and new berths have been dredged on the west side of the 
estuary.  The modelling indicates that these new berths will infill at rates up to 0.08m 
per year and up to 0.02m per year accretion could be expected in the main channel.  
Further up-estuary, the pattern of change and rates of sedimentation and erosion are 
the same as for the SLR scenario. 
 
Again, the relative change between the different model set-ups is similar, in location 
and magnitude.  With model set-up 1, however, the areas of increased sedimentation 
generally cover a smaller extent towards the centre of the estuary, being more 
confined to the actual areas of dredging. 
 
The predicted difference between the MDS scenario and the baseline under existing 
forcing conditions is shown in Figure 34.  This clearly shows that changes caused by 
the MDS scenario up estuary of the Chain Ferry are generally confined to the lower 
edge of the intertidal, where accretionary trends dominate, averaging up to 0.02m per 
year.  On the upper intertidal small scale erosion is predicted at up to 0.005m per year.  
This is the same conclusion that resulted from model set-up 1 except rates of accretion 
and erosion were up to about four times higher. 
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Outside the Chain Ferry, the pattern of change varies from location to location.  
Generally, however, the developments reduce the rates of sedimentation within the 
existing marinas but accretion is more evident in the open areas of the harbour and 
particularly the new marina. 
 

3.3.2.4 SLR scenario and MDS 
 
The effect on annual sedimentation patterns of imposing the MDS scenario 
developments onto the 0.6m sea level rise forcing conditions are shown in Figure 35 
for model set-up 2.  If this is compared with Figure 32 (SLR scenario) then little change 
is evident up estuary of the Chain Ferry, which is confirmed by the difference plot 
(Figure 36). This indicates that the up estuary effects of the MDS scenario are 
negligible with respect to the effects of sea level rise alone.  Figure 36 shows the only 
effects up estuary of the Chain Ferry are generally accretionary in form and confined 
immediately adjacent to the capital works, with little effect estuary wide. 
 
Outside the Chain Ferry the pattern of change is complex, but essentially can be 
summarised as erosion in the two channels either side of the breakwater, accretion 
within the dredged marinas (perhaps doubling existing rates) and a smaller accretion 
within the main fairway.  Slight erosion will, potentially, occur immediately adjacent to 
the outside of the breakwater depositing the material offshore. 
 

3.3.3 Model Set-up Discussion 
 
Two model sediment transport set-ups have been modelled in order to provide an 
understanding of the sensitivity of the system to different characteristic sediment sizes.  
Both model set-ups down estuary of the Chain Ferry show the same overall general 
patterns, the difference being in the exact areas and magnitudes of change, which are 
greater for the 60�m characteristic set-up.  From the modelling results, evaluation of 
historical bathymetric records, bed sediment data and dredging rates as well as expert 
judgement, it is considered that overall the 130�m floc size set-up (model set-up 1) is 
likely to represent the magnitudes of change due to sea level rise and future 
developments outside the Chain Ferry more closely than the smaller floc size.  This is 
because the main areas of change are in the outer sections, outside the existing 
Shrape Breakwater.  Here and in Cowes Road the sediments on the bed are generally 
composed of a greater proportion of sandy material, than those that settle within the 
marina areas.  The results of the modelling are also more intuitive with respect to what 
has occurred in the past. 
 
Up-estuary of the Chain Ferry the dynamics are more benign, and differential 
settlement of different floc sizes entering from the sea can be expected, causing a 
general fining of new sediment up estuary. For this reason, it is considered that the 
results from the 60�m characteristic floc size are likely to be more representative of 
reality, particularly with respect to the effects over the higher mudflats and the very up 
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estuary sections of the model.  These results generally indicate annual changes to be 
within ±0.02m per year no matter what scenario is being considered, with the 
exception of any newly dredged areas where accretion at about four times this rate is 
evident.  These rates are the localised extremes, with large areas not predicted to 
change by more than ±0.005m per year, particularly over the mid and upper intertidal 
areas.  
 
 

4. Ecology 
 
This section provides a brief interpretation of the likely effects of the proposed 
developments on the ecology of the Medina Estuary.  A background review of the 
current level of knowledge is provided, followed by consideration of the likely ecological 
impacts of the developments.   
 

4.1 Baseline 
 
Historical accounts of the ecology of the estuary are provided by Withers (1979) who 
undertook further analysis of a survey by Tubbs (1975).  Reviews followed much later 
but gave very generalised accounts of the extent and species composition: Riley & Cox 
(1996), Ball et al. (2000), Geodata (2003) and ABPmer (2006). 
 
In February and March 2005, Titan Environmental Surveys Ltd (TES) carried out a 
series of surveys along the length of the Medina Estuary including the collection of 
intertidal and subtidal soft sediment samples.  ABPmer undertook further analysis of 
the biological data from TitanFs survey in October 2006. 
 

4.2 Habitats 
 
The main habitats that can be identified in the Medina Estuary include: 
 
�� Eelgrass beds; 
�� Saltmarsh (including Spartina, Salicornia and Atlantic saltmeadows); 
�� Hard structures; 
�� Intertidal soft sediment flats; and 
�� Subtidal environments. 
 
These habitats provide significant areas for birds and fish life.  A brief description of the 
above habitats and their fauna is provided here but full detail can be gathered from the 
relevant reports cited.   
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4.2.1 Eelgrass Beds  
 
Eelgrass is distributed on the Shrape mudflat, outside of the existing breakwater and 
0.5km2 of the bed has recently been surveyed (ABPmer, 2004b).  The densest part of 
the bed occurred closest to the entrance to the Medina (Figure 37).  Two species of 
eelgrass were identified, both being nationally scarce: Zostera marina and Zostera 
noltii. 
 

4.2.2 Saltmarsh 
 
Coastal saltmarshes may be any area of vegetation (herbs, grasses or low shrubs) 
bordering saline water bodies (Adam, 1990).  The most extensive development of 
saltmarsh occurs in the mid Inner estuary at Werrar with a smaller habitat at Medham, 
both supporting a diverse range of vegetation.  Quantitative surveys of these two areas 
have recently been undertaken by ABPmer providing detail on composition and 
abundance.  The marshes are generally classified as Low-Mid Marsh Communities 
(NVC Community Code SM10/14), which appear to have a southern distribution.  
Smaller areas of SM6 and 24 also occur, see Figure 38.  Full details of the 2004 
survey are presented in ABPmer (2005). The remainder of the Medina Estuary 
saltmarsh, approximately 25%, occurs as isolated units dominated by Puccinellia with 
some patches of Spartina.    
 
An area change analysis has been undertaken from aerial photographs at intervals 
between the 1940s and 2005.  This analysis showed a total area of 13.75 ha of 
saltmarsh existing within the estuary in 2005.  This included areas that were outside 
the existing confines of the high water mark. This compares with the 9.6 ha estimated 
by Geodata (2003) for the area within the confines of the present high water mark.  
The current distribution of saltmarsh within the estuary is shown in Figure 39 with a 
more detailed presentation and analysis given in ABPmer (2006).  It should be noted 
that about 10.3 ha of saltmarsh has been lost since the 1940s, which is consistent with 
other areas of the Solent.  However, the current analysis shows the rate of loss 
(possible erosion) has slowed considerably in the most recent years. 
 

4.2.3 Hard Structures 
 
The majority of the hard surfaces in the estuary are man-made structures such as 
piers, flood defences, piles, pontoons and breakwaters.  There are some isolated 
areas of boulders and loose rocks to which organisms can attach.  There are few 
surveys of the hard surfaces within the estuary.  Historical analysis of a survey by 
Withers (1979) described dominant populations of the barnacle Elminius modestus on 
natural hard surfaces. 
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4.2.4 Intertidal Soft Sediment Flats 
 
The area of intertidal mudflat within the estuary has previously been estimated at 66 ha 
(Tubbs, 1975).  In contrast, English NatureFs prototype GIS inventory of the Biodiversity 
Action Plan calculated the area of mudflat between mean low water and mean high 
water at approximately 79 ha (http://www.english-nature.org.uk/).  The most recent 
aerial analysis (ABPmer, 2006), shows the intertidal area inside a section of the 
Shrape Breakwater to be about 80 ha in 2005 (i.e. similar to the English Nature data).  
Calculations for the 1980 data show the intertidal was 67.4 ha inside the Chain Ferry, 
which, it is suggested, corresponds with the estimate made by Tubbs in 1975. 
 
An extensive area of intertidal mudflat occurs on the western bank of the Outer estuary 
known as the Shrape Mud, both beyond and inside the current breakwater.  Sediments 
tend to grade from well-sorted sands at the upper tidal height to muds at the low water 
level.  Furthermore, the mud on the western bank tends to be softer and deeper than 
that on the eastern side (ABPmer, 2005).  The rest of the intertidal mudflats are located 
along either side of the Inner to Upper estuary.  These areas provide important feeding 
habitat for birds and also act to dampen the impact of wave action on the upper 
shoreline, particularly in the Outer estuary. 
 
Various surveys and analyses of the intertidal fauna have been carried out by Tubbs 
(1975), Withers (1979), Portsmouth Polytechnic (1992), Herbert (1994), Ball et al. 
(2000), Herbert et al. (2000) and Capita Symonds (2005), all of which have been 
recently reviewed by ABPmer (2005).  Titan (2005) took a range of core and grab 
samples to describe the intertidal fauna.  These data were further analysed by ABPmer 
(2006).  The Shrape Mud typically supports the highest species diversity and 
abundance overall.  The community here is characterised by amphipods and 
polychaetes.  Intertidal areas of the Inner and Upper estuary reveal low faunal diversity 
but high numbers of organisms, particularly in the Upper estuary.  The community here 
is dominated by oligochaete and cirratulid worms with variable numbers of Hydrobia 
ulvae.   
 

4.2.5 Subtidal Habitat 
 
Some information on subtidal habitats in the Inner estuary by the Chain Ferry is 
provided in a study by Capita Symonds (2005).  Subtidal data collected by Withers 
(1979) is restricted to the middle of the Upper estuary.  Ball et al. (2000) mapped 
biotopes in the Medina as part of a larger assessment of the entire European Marine 
Site.  These are summarised in Table 11.  Subtidal grab samples were taken as part of 
the survey by Titan (2005) and these data were further analysed in detail by ABPmer 
(2006) as part of the present project, to which the reader is referred.  High numbers of 
species but low abundances were indicated in the mid-channel areas of the Inner 
estuary.  The Outer estuary was characterised by high numbers of bivalves and 
amphipods. 
 

http://www.english-nature.org.uk/
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Table 11.  A list of subtidal biotopes identified by Ball et al (2000)  
 

Location Biotope Community Description 
Outer estuary: IGS.NcirBat Nephtys cirrosa and Bathyporeia spp. in infralittoral sand 

within the shallow sand and faunal communities on the 
western side (Ball, 2000) 

 IGS.FaS Circalittoral gravels and sands and shallow sand and fauna 
on the eastern side (Ball, 2000) 

 IMU.AphTub Aphelocheata marioni and Tubificoides spp. in infralittoral 
mud behind the breakwater 

Inner estuary: LMU.HedMac.Mare Hediste diversicolor, Macoma balthica and Mya arenaria in 
sandy mud shores 

Upper estuary: IMU.EstMu PolMtru Estuarine sublittoral mixed sediments with Polydora ciliata, 
Mya truncata and solitary ascicidians in variable salinity 
infralittoral mixed sediment 

 LMX.Mare Mya arenaria and polychaetes in muddy gravel shores 
 IMU.EstMu PolVS Estuarine sublittoral muds with Polydora ciliata in variable 

salinity infralittoral firm mud or clay 
 
  
4.3 Water Birds 

 
The Medina Estuary itself supports a number of internationally and nationally important 
water bird species with the main areas of bird usage identified within the Upper estuary 
(Figure 40).  It is not known whether the Outer estuary was considered in the study by 
Marston (1996).  The main feeding areas occur throughout the intertidal and subtidal 
parts of the Upper estuary with breeding areas located close by.  Dodner Creek was 
identified as a particularly important breeding area.  The main roosting areas are 
consistent with the distribution of saltmarsh and similar areas of potential refuge. 
 
A review of waterbirds undertaken by Marston (1996a, b) was primarily based on a 
number of historic datasets (e.g. Tubbs, 1975). A breeding bird survey was undertaken 
in the lower Medina Valley, between Newport and Cowes, from April to June, 1996 
(Marston, 1996b).  These surveys were reviewed in ABPmer (2005). 
 
In summary, the Medina regularly supports three main groups of water birds (Marston, 
1996a): 
 
�� 19 species of wildfowl; 
�� 15 species of wader; and 
�� 4 species of gull and 2 of tern. 
 
The estuary is considered to be of local importance as it regularly supports more than 
half the resident oystercatcher population on the Isle of Wight and the Upper estuary is 
particularly important for the islandFs population of mute swan.  In addition, the estuary 
is an important local site for little grebe, jack snipe, turnstone and redshank (Nature 
Conservation Topic Report, 1996). 
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4.4 Fish and Shellfish 

 
The Solent and its estuaries provide important resources for fish fauna including 
nursery and spawning grounds, breeding substrates, areas of shelter and feeding 
resources (Raey & Culley, 1980).   
 
A fish survey undertaken in the Medina Estuary during April to August 2002 (Roberts, 
2002) identified a total of 16 different fish species, the most common being bass, thin-
lipped mullet, sole, flounder and plaice.  The survey also indicated that the Upper 
estuary might act as a nursery area for juvenile bass.  Overall the fish diversity was 
found to be low, reaching a maximum in late July to early August.  It is important to 
note, however, that the results of this survey are limited by the timing of the surveys 
and the catch methods used.  Therefore, results of the survey do not reflect the entire 
fish usage of the Medina Estuary.   
 
Previous data sets for the Medina are limited but include Withers (1979), where fish 
were caught using a beach seine net in the middle reaches of the estuary.  The 
majority of fish caught were gobies  (a species of national concern, Isle of Wight 
Council, 2000), 2 species of mullet, the sandsmelt and flounder.   
 
There are no published data sets for salmon and sea trout within the Medina Estuary.  
The numbers of sea trout migrating through the estuary are considered to be very low.  
Some sea trout have been found in the freshwater sections of the Medina by the 
Environment Agency and it is not known if these are a resident spawning population or 
stray fish from other estuaries. (EA, pers. comm - Source Capita Symonds, 2005).   
 
The native oyster Ostrea edulis, which is a BAP priority species, is known to occur on 
hard substrates in the Outer estuary of the Medina (Water Issues Topic Report; 1996; 
Roberts, 2002).  Oysters require clean shell, shingle or other suitable material for spat 
settlement, usually between April and July, with any increase in sedimentation during 
this time having implications for recruitment.   
 

4.5 Commercial Fisheries 
 
The Solent holds the largest remaining naturally regenerating native oyster (O. edulis) 
fishery in Europe, which is regulated under the 1980 Solent Oyster Fishery Order.  The 
Order extends from a line between Seaview and Southsea Castle in the east to a line 
between Hurst Spit and Fort Albert and covers several estuaries and areas of water, 
including the Medina.  The Medina Estuary is also a designated Shellfish Water under 
the EC Shellfish Waters Directive (79/923/EEC) for this species.  The boundary of the 
shellfish water extends from the estuary mouth to a point midway between Cowes and 
Newport, extending to the high water mark.  In addition, the estuary is designated as a 
Shellfish Harvesting Area under the EC Shellfish Hygiene Directive (91/492/EEC), 
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under which standards for the level of treatment for shellfish collected from the 
harvesting area prior to sale are set.   
 
The extent of bait digging in the Medina covers approximately 6 miles of shoreline, with 
the main areas being at the Shrape Mud and from the breakwater east to Old Castle 
Point.  Within the estuary, digging for ragworm occurs along the whole river but is most 
extensive south of Kingston. 
 

4.6 Nature Conservation 
 
A number of these habitats and associated species are primary reasons behind the 
range of nature conservation sites in the estuary.  The conservation boundaries of 
these sites are presented in Figure 41.  Conservation designations and associated 
legislation will be important drivers behind the level of development considered and 
what mitigation and compensation measures might be required. 
 

4.6.1 Special Areas of Conservation 
 
The Medina Estuary forms part of the Solent Maritime SAC, selected for the following 
Annex I habitats: 
 
�� Estuaries; 
�� Spartina swards; and 
�� Atlantic salt meadows. 
 
In addition to the above, the Medina Estuary also contains the following Annex I 
habitats that present a qualifying feature, but not being a primary reason for selection 
of the SAC: 
 
�� Sandflats which are slightly covered by sea water all the time; 
�� Mudflats and sandflats not covered by seawater at low tide; 
�� Annual vegetation of drift lines; and 
�� Salicornia and other annuals colonising mud and sand. 
 

4.6.2 Special Areas of Protection 
 
The reaches of the Upper estuary are a component part of the Solent and 
Southampton Water SPA.  Annex I species that the estuary is known to support are 
listed within the Medina Estuary SSSI designation and include dunlin, redshank, 
curlew, black tailed godwit, dark bellied brent geese, shelduck, wigeon and teal.   
 
The sub features that support the qualifying species of the SPA are sand dune and 
shingle, saltmarsh, intertidal mud and sandflats, shallow coastal waters, boulder and 
cobble shores, saltmarsh and mixed sediment shore (English Nature, 2001). 
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4.6.3 Ramsar Site 
 
The inner reaches of the Medina Estuary also form part of the Solent and Southampton 
Water Ramsar site.  Under the 1972 Ramsar Convention on Wetlands of International 
Importance, it is a requirement of signatory states to protect wetland sites of 
international importance, including those that are important waterfowl habitats.   
 

4.6.4 Site of Special Scientific Interest 
 
The Medina Estuary SSSI overlaps with that of the Ramsar designation.  The site 
comprises a relatively narrow tidal channel, 4.5km long, flanked by intertidal mudflats 
and saltmarsh.  It is closely coupled with a variety of brackish, freshwater and 
terrestrial habitats (Figure 41).  The SSSI is an important part of the Solent estuaries 
system, providing habitat for internationally important over-wintering migratory 
populations of wildfowl and wading birds and breeding populations of waders, gulls and 
terns. 
 

4.6.5 Local Nature Reserve 
 
Dodnor Creek and DicksonFs Copse have been designated as a Local Nature Reserve 
(LNR) supporting along its flanks reed beds, willow and alder carr, ancient woodland 
and species such as mute swan, bryophytes, moths and pedunculate oak. 
 

4.6.6 Site of Nature Conservation Importance 
 
This is a non-statutory designation with protection usually provided through the 
development plans of local councils.  The Shrape Mud is the only marine related Site 
of Interest for Nature Conservation (SINC) located within the Medina Estuary.  The 
Council policy for these features, is that wherever possible, they are to be protected 
during development, but where this proves impractical, replacement will normally be 
required.  Replacements should be of appropriate size and species for the location.   
 

4.6.7 Biodiversity Action Plan  
 
The Isle of Wight Biodiversity Action Plan Steering Group published an audit and 
assessment of biodiversity on the island in July 2000 as part of the process in 
developing a local BAP (LBAP).  The relevant priority habitats for which action plans 
have been produced and that occur within the Medina Estuary are listed below: 
 
�� Coastal vegetated shingle; 
�� Coastal saltmarsh; 
�� Seagrass beds; 
�� Mudflats; 
�� Sheltered muddy gravels; 
�� Sublittoral sands and gravels. 
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No action plans have been produced for relevant priority species on the Isle of Wight.  
However, an audit and assessment of the Isle of WightFs biodiversity (Isle of Wight 
Council, 2000) identified the following species in the Medina Estuary: the native oyster 
Ostrea edulis (a BAP priority species), lagoon cockle (of local conservation concern) 
and the red algae (of local conservation concern). 
 

4.7 Impact of Schemes   
 
The discussion here provides an overview of the potential environmental impacts due 
to the schemes considered in this report.  This section highlights the habitats and 
wildlife in the Medina Estuary of particular susceptibility to the schemes that may 
warrant further detailed analysis.  However, this section does not aim to provide a 
formal investigation of the environmental impacts.  Furthermore, it is important to 
highlight that the magnitude of potential impacts would be dependent on a number of 
factors including: 
 
�� Scale and type of development or impact; 
�� Duration and timing of impact; 
�� Site specific factors including natural variation; 
�� Sensitivity of receptors; 
�� Indirect and cumulative impacts. 
 

4.7.1 MDS 
 
The location of the breakwater proposed across the entrance of the estuary coincides 
with a dense and healthy population of eelgrass.  Direct effects from construction of the 
breakwater and indirect consequences of the structure are likely to have implications 
for the beds.  Eelgrass beds are identified as a priority species in the local BAP.   The 
importance of eelgrass for supporting fish life and high levels of biodiversity is 
particularly well documented.  The breakwater will also affect current speed (a 
predicted increase of up to 39% over the outer Shrape Mud) and current direction, 
thereby is likely to influence turbidity, sediment movement patterns 
(erosion/deposition), sediment particle size distribution, larval settlement patterns, 
feeding mechanisms of sediment infauna, and the general survival of organisms under 
such altered conditions. Consideration, however, will be required in relation to the 
existing dynamics in this area due to its high exposure to the effects of wave activity. 
 
Figure 37 shows the surveyed extent of eelgrass with the location of MDS breakwater 
and dredged secondary channel. Whilst the footprint of the breakwater will depend on 
its ultimate design, it is unlikely to impact directly on the areas of proven eelgrass.  The 
new dredged channel will, however, pass through the area of highest density.  The 
area is also one where the current speeds will be increased.   
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There will be a loss of soft-sediment intertidal habitat and associated fauna due to 
dredging and reclamation of the proposed Shrape Marina, as well as under the 
footprint of the Breakwater.  There is also a significant loss of intertidal area in the 
Inner estuary (39% in area A), mostly associated with developments at Britannia and 
Medina Wharves and East Cowes Marina.  Intertidal habitats provide important 
feeding, breeding and nursery areas for fish and bird life and such losses throughout 
the estuary may have implications for the status of the SPA.  It is not expected that 
these changes will be permanent or will completely change the habitat type, therefore, 
once the capital works are complete, recovery of the benthic habitat is envisaged.  
Soft-sediment infauna typically provides an important food source for flatfish which are 
found in the estuary.  Local fisheries dependent on these stocks may incur indirect 
effects if fish stocks move elsewhere for feeding.   
 
There will be concomitant increases in subtidal or low water volume of approximately 
25% and 20% due to dredging for the developments in the Outer and Inner estuary, 
respectively.   Considerable change will also occur to subtidal habitat between the 
Shrape Breakwater and Kingston Quay, predominantly due to dredging works but also 
the effects on the flow regime, particularly between the new breakwater and the 
Shrape Breakwater. These changes may, however, provide more habitat for epibenthic 
and pelagic species such as shrimp and fish. 
 
There will also be some increases in intertidal surface areas; mostly hard surfaces 
associated with construction of the breakwater and marina developments off the Royal 
Yacht Squadron, Cowes Yacht Haven and GKN site.  Such structures may provide 
surfaces for encrusting organisms to recruit on to.  Such habitats will be greater than 
currently exists. 
 
In addition to these direct changes due to the developments, small effects on the tidal 
propagation and redistribution of flows also occur, which will cause additional changes 
in both intertidal and subtidal areas.  Changes to sediment patterns will also cause a 
change to the characteristics of the habitat. 
 
Modelling indicates that most of the indirect changes are due to the small change in 
water level, rather than significant changes in the distribution of erosion and accretion 
patterns.  However, in new dredged pockets where settlement of soft, relatively fine 
grained sediment can be expected, may result in changes to the character of the bed, 
which will be intermittently disturbed by maintenance dredging. 
 
With the MDS case at 2006 levels, removal of the walls in front of the setback areas 
provides little additional increase in intertidal as levels behind the walls are generally 
too high.  Thus, to provide any offsetting benefit for existing proposed developments, 
engineering of the profiles would be required as opposed to just allowing natural tidal 
flooding.  Whilst this might assist with offsetting the pure area loss, the quality of the 
soft mud habitat is likely to be lower due to the higher diversity of the soft sediment 
fauna in the areas lost in the lower estuary compared to those currently existing in the 
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up estuary muds.  This suggests that, to ensure comparable estuary benthic ecological 
functioning, a greater area of intertidal would need to be provided than lost at the 
mouth of the estuary. 
 

4.7.2 SLR Scenario 
 
A modelled increase of 0.6m due to sea level rise indicates a variety of effects 
throughout the estuary. 
 
There is a large predicted loss of intertidal area at the estuary entrance (> 55%) and a 
concomitant increase in subtidal or low water volume (42%). These changes are 
mainly due to the increase in low water level causing a loss of intertidal over the 
relatively flat Shrape Mud.  Some of the implications of these changes are discussed 
above.  However, sea level rise will impact mostly on the intertidal Shrape Mud, which 
supports populations of species not found elsewhere in the estuary in such high levels 
of diversity and abundance.  In addition, intertidal areas presently act to dampen the 
effects of wave action thereby protecting the shoreline from erosion.   Therefore, the 
loss of intertidal area here exposes natural coastal habitats higher up the shore to 
increased wave activity and possible erosion.  There is little loss of intertidal area in the 
Inner and Upper estuary (2.95 ha) in part due to the provision of local areas that will be 
allowed to naturally flood, e.g. Dodner Creek, as well as the lack of hard boundaries in 
area C of the estuary. 
 
Increases in subtidal volume and surface area occur throughout the estuary with the 
most significant percentage increases located in areas C and D.  Much of this change 
appears to be due to an overall increase in the amount of water remaining in the mid-
channels at low water.  There is potential for an increase in immersion times of 
intertidal areas which may result in landward migration of saltmarsh and intertidal 
habitats and associated species composition changes.  The extent of these habitats 
will be reduced where artificial barriers such as sea wall defences and marinas 
obstruct their movement.  
 
The tidal prism also increases throughout the estuary with the maximum percentage 
change occurring up estuary of Kingston Quay.  The change to tidal flows is small and 
tends to lessen in the channels and increase along the edge of the estuary.  The 
magnitudes of change are, however, small.  The marginally higher peak flows over the 
upper intertidal along with the increased tidal prism, potentially supplying more 
sediment, are more likely to enhance the rate of sedimentation both from suspension 
and possibly from near bed movement.  From the velocity and tidal prism data, the 
increased accumulation is estimated at less than 10% greater than present, which is 
generally a sub-millimetre increase in the annual sedimentation rate, i.e. not enough to 
keep pace with existing sea level rise, let alone the predicted enhanced rates, unless 
the sediment supply is also considerably increased. 
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Since sedimentation is unlikely to keep pace with SLR, the intertidal will be increasingly 
exposed to wave action causing increased erosion of the edge of the existing 
saltmarsh, probably at a greater rate than it can roll-back within area C of the estuary, 
thus generally tending to decrease the area of existing saltmarsh.  In the Upper estuary 
tidal phasing at Newport changes, with low water occurring 40 minutes earlier.  
Impacts on fauna are likely to be minimal but may include both positive and negative 
effects. 
 

4.7.3 SLR Scenario Combined with the MDS 
 
Generally, the MDS case in combination with SLR just tends to enhance the effects of 
SLR.  The setbacks imposed in areas B and C have the effect of increasing the 
intertidal area by about 3.3 ha in the Upper estuary.  These set-back areas, being at a 
high level, have the potential for growth of saltmarsh with SLR, thus helping to offset 
the loss due to erosion of the existing marsh edge.  Whilst intertidal is lost in areas A 
and B, the net effect is a small 0.6 ha gain throughout the whole area upstream of the 
Chain Ferry.  In Cowes Harbour and outside the Shrape Breakwater, the MDS 
developments enhance the effect of SLR removing over 13 ha of intertidal mainly over 
the Shrape Mud.  This shows that the set-back/habitat creation schemes provide a 
small amount of offsetting for the effects of SLR and the MDS but are not sufficient to 
completely mitigate.  For further mitigatory effect, some form of engineering of the set-
back areas would be required to flatten the existing profiles to increase the area of the 
subtidal.  Sufficient gain is, however, made to offset the loss from all developments up 
estuary of the Chain Ferry, albeit a greater proportion will occur in the Upper estuary 
compared to the Inner estuary. 
 
 

5. SLR and MDS Conclusions 
 

5.1 Tidal Phasing 
 
With respect to the propagation of the tide, the SLR effects on the phasing of the tide 
are an order of magnitude greater than those resulting from the MDS developments.  
Generally, SLR causes HW times to occur up to 1.5 minutes later and LW levels 
marginally earlier, thus slightly increasing the time of flooding compared to the ebb.  In 
general, the developments have a smaller, opposite effect except approaching 
Newport, where the imposed sill has a direct effect on Low Water levels and times.  
However, overall,  the effects of both SLR and MDS are considered to be negligible.  
The small changes that do occur indicate the processes controlling the tidal 
propagation vary spatially. 
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5.2 Water Levels 
 
Throughout the estuary, with the exception of an area close to Newport, SLR water 
levels are enhanced by about 0.02m and 0.03m at HW and LW respectively over that 
imposed directly due to the 0.6m rise in mean sea level, thus marginally reducing the 
mean spring tidal range by about 0.2%.  Near Newport the tidal range is increased by 
0.3m.  However, this is due more to the fact that this section of the estuary currently 
dries out at LW.  By comparison, the MDS case with existing forcing conditions, causes 
no significant change at LW and up to about 0.01m increase in levels at HW.  When 
combined with the SLR effects, the relative differences are increased, adding to the 
propagational effects resulting from the SLR.  The maximum enhancement in HW 
levels was about 0.05m for all schemes, i.e. about an 8% increase over that directly 
imposed due to SLR (i.e. 0.6 m). 
 

5.3 Current Speed and Direction 
 
Overall, flow speeds and directions are more affected by the MDS developments than 
due to SLR.  Also the flow patterns are changed in local proximity to the individual 
works.  The breakwater causes a concentration of the streamlines around the ends, 
which results in localised increases in flow.  The largest changes (increases of 0.07 
m/s - about 39%) occur over the outer Shrape Mud.  In the main channel, the MDS 
causes localised average flow speed increases of 0.03 m/s (24%) whereas at similar 
locations flows are reduced about 0.02 m/s (15%) for SLR alone. 
 
Up estuary of the Chain Ferry, SLR causes small, localised increases in flow, 
particularly in the subtidal.  However, with developments, localised changes occur 
adjacent to the developments, particularly where dredging occurs, whereby the already 
low velocities are reduced in places over 50%.  This effect remains even with the SLR 
forcing conditions.  Changes over the intertidal areas for all schemes are very small in 
magnitude. 
 

5.4 Morphological Change 
 
With a 0.6 m SLR, the total volume of the estuary (below MHWS) is calculated to 
increase by about 17%, of which 57% will be an increase in the tidal prism.  The high 
water surface area is expected to increase by 1.8% whilst the intertidal area will reduce 
by 9.2%, the majority will be from the Shrape Mud area.  This is considered a worse 
case scenario, since any intertidal accretion that may occur during the period of SLR 
has not been taken into account.  In percentage terms, the morphological effects of 
SLR increase in an up estuary direction. 
 
The MDS developments, as described in this report, increase the high water volume 
(direct and water level effects) of 0.34 million m3 (4.3%).  Nearly all this change is 
associated with the subtidal areas.  In area terms, the MDS developments have little 
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impact on the total surface area of the estuary but reduce the intertidal by 7.1%, of 
which 58% is a result of direct removal.  It should be noted that the schemes 
comprising the MDS are indicative only, therefore, these values must be considered 
with this in mind. 
 
Comparison of the SLR effects with the MDS show that a 0.6 m change in water level 
creates greater direct morphological effects than all the considered developments.  
When SLR and the developments are combined, the morphological effects are 
enhanced over SLR effects alone, almost doubling the increase in subtidal volume and 
creating further loss of intertidal area. 
 
The analysis of morphological parameters indicates that SLR and the developments 
alone and in combination only have relatively minor effects on the flood dominant 
nature of the estuary (calculated on an area/volume basis).  This does not indicate 
large morphological changes to the estuary will result.  The Chain Ferry constriction 
remains the controlling section.  Whilst developments do not affect this cross section, 
long-term morphological changes are unlikely to occur. 
 

5.5 Sediments 
 
The sediment transport modelling indicates that the most significant changes resulting 
from SLR and the MDS case will occur outside the Chain Ferry.  With SLR, most of this 
change occurs outside of the Shrape Breakwater.  The results indicate that a flattening 
of the Shrape Mud is likely to occur, as well as additional accretion, potentially creating 
a bar effect at the entrance to the fairway.  Inside the Chain Ferry, the SLR results 
indicate a reduction in erosion capacity with a variation of 25 - 50 % around the levels 
of LW, whereas the effect at higher levels is much less.  This indicates the potential for 
steepening of the mudflats, albeit at slower rates than at present, showing that SLR 
should cause increased stability in the morphology of the estuary compared to the 
historical changes.  Construction of the developments, particularly those in Cowes 
Harbour, tend to induce increased sediment in certain areas, particularly in the lee of 
the breakwater and the western side of the main channel in the Town Quay area, 
which will tend to increase the maintenance dredging commitment, although some 
redistribution of the sediment will occur. 
 
The maintenance dredging commitment for the new marina as implemented in the 
MDS case is estimated from the modelling to be about 4,000 m3 in situ per year.  Up 
estuary, all new berth pockets will accumulate sediment at an estimated rate up to 0.1 
m/year, thus the annual commitment will be proportional to the size of the berth.  
Maintenance dredging is only likely to be economic on a timescale of the order of every 
five years or longer. 
 
The results of the sediment modelling of the MDS developments in the future with 0.6 
m of SLR show there will be subtle changes, created by the combination of effects 
within the outer harbour.  However, overall, the inclusion of the new breakwater and 
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new eastern channel, whilst causing some minor accretion in the main fairway under 
existing conditions, will become beneficial in maintaining channel depths as sea level 
rises.  Within the remaining areas of the harbour, sedimentation rates are predicted to 
be little different in the future to those predicted for construction in the existing flow 
regime. 
 
The effects of the MDS developments on the estuary, inside the Chain Ferry in the 
future will have a negligible difference to those that will occur under existing conditions.  
The estuary wide effects are nullified by higher water levels, creating no change or 
perhaps a small reduction in erosion capacity at lower levels, which potentially lowers 
the accretionary tendency at higher levels, thus moving the estuary closer to stability. 
 

5.6 Ecology 
 
Due to the designated status of the estuary, all developments will cause some change, 
which will influence and be influenced by the effects of SLR.  Intertidal areas will 
continue to change whether further developments occur or not.  Therefore, ecological 
impacts and any mitigation requirements need to be assessed on design taking these 
factors into account. 
 
The morphological and sedimentological assessments tend to indicate the estuary will 
tend to greater stability with time.  The composition of benthos, thus feeding stock for 
birds, is therefore unlikely to significantly change, except by direct removal or 
coverage.  Over time, SLR on its own is predicted to remove intertidal area which is 
enhanced by the MDS developments, particularly the construction of the breakwater.  
This will not be offset by mudflat accretion, since the natural rate of sediment supply is 
insufficient to keep up with the predicted rates of SLR. Therefore, in the long-term 
there will be a reduction in the present condition of the designated areas, most of 
which will be as a result of SLR. 
 
 

6. Preliminary Marina and Breakwater Layouts Alone 
 
The MDS is in effect an in-combination study to determine what the likely maximum 
effect on the estuary could be in the future.  The most likely developments at this time 
are based around the construction of a wave protection breakwater and a new marina 
area located behind the Shrape Breakwater.  This section of the report presents the 
results of the two preliminary designs to help the project proposers identify the best 
design option for all users and stakeholder interests. 
 
The two proposed schemes are shown in Figure 42 and are labelled: 
 
�� Scenario 1 (East Cowes Marina, Outer Breakwater location); 
�� Scenario 2 (East Cowes Marina, Inner Breakwater location). 
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The Scenario 1 layout is based on maximising the protected area of harbour and is 
approximately aligned with the predominant offshore flows with the idea of minimising 
the effect on the existing hydrodynamic and sedimentary process.  This was the layout 
incorporated into the MDS reported in the previous sections. 
 
Scenario 2 was located further inshore, in considerably shallower water and being of 
shorter length would minimise costs at the expense of a smaller protected harbour.  
Again, the existing flow patterns in this area were examined to orientate with the 
maximum flows, attempting to minimise the impact on the estuary as a whole.  The 
following sections present the modelling results with respect to the effect on: 
 
�� Hydrodynamic processes; 
�� Sediment transport; and 
�� Wave hydrodynamics. 
 
within the Outer estuary to help determine what an optimum configuration for the 
development might be with respect to the existing operation of the harbour.  These 
tests were not intended to determine the environmental impacts on the estuary as a 
whole, although these can be inferred by means of comparison with the results of the 
MDS evaluation presented earlier. 
 

6.1 Hydrodynamic Processes 
 
For the purpose of assessment, the average spring tide current speed and the flow 
vectors have been extracted from the models and presented to allow comparison 
between the existing hydrodynamics and that predicted for each scenario.  In addition, 
a flow speed difference plot has been produced so the change caused by the 
development can be easily identified. Due to the complex nature of the tidal 
propagation and the flow patterns in the entrance area, plots have been produced at 
hourly intervals throughout the tide for each scenario.  The complete sets of data are 
presented in Appendices D and E for Scenario 1 and Scenario 2 development layouts 
respectively.  Within the main report, a selection of plots has been selected to illustrate 
the most significant changes to the flow regime. 
 

6.1.1 Scenario 1 
 
Ebb Tide 
 
During the ebb tide (which, for the purpose of this analysis, starts at the first HW, 
therefore includes the HW stand), there are two distinct patterns of change caused by 
the Scenario 1 development layout corresponding to period of the: 
 
�� High water stand; and 
�� Falling water levels (i.e. draining the estuary). 
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Figure 43 is representative of the changes to flow over the HW stand.  In general, the 
breakwater is well aligned with the flow, but more water is diverted to the south passing 
between it and the Shrape Breakwater.  This effect causes increases in flows over the 
outer Shrape Mud by up to about 0.1 m/s in an area where existing flow is slack.  The 
maximum increase is up to 0.2 m/s between the two breakwaters and in the lee of new 
breakwater, which, at its maximum, is about a 100% increase (doubling) of the depth 
average flows at this time of the tide.  An increase of up to 0.1 m/s will occur in the 
main fairway flow speeds for about 100 m up estuary of the Marine Parade landing. 
 
To the west of the new breakwater, flow speeds will be reduced along the foreshore in 
front of Egypt Point.  The maximum change is in excess of 0.2 m/s immediately 
adjacent to the end of the breakwater reducing with increased distance.  Peak flow 
speeds will remain in excess of 0.4 m/s and the flow directions will be unaffected. 
 
No change to the flow regime inside the Shrape Breakwater will occur over the period 
of the HW stand even though dredging and pontoons have been constructed to form 
the new marina. 
 
During the time of peak ebb flows (at the time of maximum rate of falling tide) the 
change to the flow patterns is distinctly different.  This is illustrated by reference to 
Figure 44 about two hours before LW.  Again, most of the change results from the 
breakwater construction rather than the marina dredging.  In general, the breakwater 
blocks the outward flow, which is deflected around either end, creating areas of 
increased flows as follows: 
 
�� In (and either side) of the main fairway from the Marine Parade Landing 

outwards.  Flow directions are rotated about 16� anticlockwise, to align closer 
to the orientation of the Landing, whilst flow speeds are increased by in excess 
of 0.2 m/s, just northwards of the Royal Yacht Squadron Haven.  Comparison 
of Figures 44A and 44B in this area shows that absolute magnitudes in the 
entrance area do not significantly increase but the extent of higher flow speeds 
increases to the outer end of the main channel. 

�� From the head of the Shrape Breakwater eastwards.  In this area flow 
directions will be changed from a northerly direction about 90o to run west to 
east behind the eastern section of the breakwater before swinging back 
anticlockwise to the existing orientation.  The exact orientation in this area will 
be influenced by the secondary dredged channel, however, the modelling 
indicates that the breakwater effects outweigh the dredging effects, therefore, 
flows will be at an angle across the channel, rather than aligned parallel.  
Again flow speed changes will be increased in excess of 0.2 m/s with peak 
speeds just inside the end of the breakwater increasing to around 0.5 m/s (1 
knot), which will be close to the edge of the secondary channel. 
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Within the majority of the outer section of the harbour, particularly immediately behind 
the breakwater flow, speeds will be reduced at the time of peak ebb flows.  Again 
changes (decreases) will be in excess of 0.2 m/s, causing a zone of complete slack 
water adjacent to the centre of the breakwater.  A large zone of low flows <0.05 m/s 
will result along the entire length of the new breakwater extending perhaps of the order 
of 100 m northwards. 
 
Inside the line of the Shrape Breakwater, flows are reduced by up to 0.1 m/s, generally 
reducing speeds through the harbour to around 0.4 m/s.  Whilst flows through the new 
marina area are reduced by a similar order, particularly at the northern end, substantial 
flows of the order of 0.3 - 0.4 m/s still occur over the outer half of the marina, which 
should prevent significant siltation in these areas.  In the dredged back section, flows 
will be negligible, indicating a potential area for siltation. 
 
With respect to existing users, no change is likely to result in the RYS Haven, Cowes 
Yacht Haven, ShepardFs Wharf and the Red Funnel berths.  The most significant 
change will be increased flows of around 0.1 m/s around the Marine Parade Landing 
(up to about 0.2 m/s) but the landing should be more aligned with the flow.  A small 
reduction in flow (<0.05 m/s) also occurs along the outside of Cowes Yacht Haven and 
possibly Town Quay.  The pontoon layout for the new marina induces a small localised 
increase in flow at the Venture Quay site, which extends to the back area of the new 
marina as the tide falls further to Low Water. 
 
Throughout the spring ebb tide, the Scenario 1 developments made no change to the 
hydrodynamics through the Chain Ferry. 
 
Flood Tide 
 
On the flood tide, the flow patterns fall into three phases: 
 
�� Early flood when the offshore flows are from west to east and depths within the 

harbour are relatively shallow; 
�� Over the period of the Dyoung flood standF when all flows offshore and within 

the estuary are negligible, therefore, any developments have little effect; 
�� Later flood, when most of the tidal prism enters the estuary from east to west 

offshore flows. 
 
Figure 45 shows the representative pattern of change for the early west to east flood 
flows.  Comparison of Figures 45A and 45B show the breakwater location and western 
extent is close to the point of flow separation for flows entering the estuary.  The 
change in flow vectors at the entrance and within the estuary is, therefore, negligible.  
However, the breakwater does reduce the amount of flow entering from the east 
around the immediate head of the Shrape Breakwater.  In flow speed terms, these 
changes increase flow speeds by 0.05 - 0.1 m/s in the area of the main Fairway from 
the RYS Haven to a line across the estuary through the head of the Shrape 
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Breakwater.  Including this increase, absolute flow speeds do not exceed 0.4 m/s.  The 
reduction of inflow caused by the breakwater reduces flow speeds in a DVF pattern 
between the new breakwater and just off the head of the Shrape Breakwater, with 
maximum reductions between 0.1 - 0.2 m/s.  This region of reduced flow extends 
through the outer new marina area but with reduced magnitude of change.  Flow 
speeds in this area are, however, negligible under existing conditions. 
 
Increased flows at the rear of the new marina are indicated but this is due to the 
dredging, as this area is presently dry at LW + 1 hours.  Towards the eastern extent of 
the new breakwater, small reductions in flow are evident for at least a kilometre down 
flow. 
 
Over the Shrape Mud, small patches of increased and decreased flow are shown.  
These are probably the effect of marginal changes in water level at very shallow 
depths as the Shrape Mud starts to be inundated by the tide.   
 
Over the Dyoung flood standF the developments have no significant effect.  The main 
effects start as the offshore flows begin to come from the east across the estuary 
entrance. 
 
Figure 46 (LW + 5 hours) illustrates the main effects on the hydrodynamics caused by 
the Scenario 1 developments for the upper part of the flood tide.  The diagram clearly 
shows that the vast majority of change results from the introduction of the new 
breakwater.  At this state of tide, the new breakwater is inside the line of flow 
separation, which, therefore, DblocksF flow from entering the estuary on its present 
course.  Whilst flows are realigned along the outside edge of the breakwater (but still 
marginally reduced in flow speed), a significant area of flow speed reduction is induced 
in the lee of the breakwater.  This extends south over the shallower sections of the 
harbour and crosses the main fairway just north of Town Quay.  At this point, however, 
flow speed changes are 0.05 - 0.1 m/s. 
 
Comparison of Figures 46A and 46B clearly shows the change in flow pattern created 
by the breakwater outside of the Shrape.  However, inside the Shrape, the change to 
flow speeds and directions is negligible. The main effects, apart from the local 
directional changes, will occur either side of the new secondary channel.  Flows to the 
south will generally be increased by up to 0.2 m/s around the channel and by reduced 
amounts across the whole Shrape Mud intertidal area, thus creating an additional 
potential for erosion should the density of the exposed mud/sand allow.  To the north-
west of the secondary channel and behind the breakwater, flow speeds could be 
reduced by about 0.4 m/s, becoming completely slack for over 100 m south of the 
breakwater at this state of the tide, thus creating the potential for sedimentation.  The 
secondary channel itself is likely to be scoured of fine sediment at this state of tide.  
Again the effects on the flow regime through the new marina are small. 
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The difference plot (Figure 46C) shows quite marked changes in the area around the 
Marine Parade Landing (increased flows), RYS Haven and the east side of the Fairway 
(reduced flows).  The flow and vector plots, however, show this was an area of 
relatively benign conditions at this state of the tide and, therefore, the changes will not 
be of significance.  Indeed, an hour before, no differences are evident.  Overall, 
throughout the flood tide, the Scenario 1 hydrodynamic changes will not affect the 
existing harbour facilities.  Some increases in flow will occur in the outer part of the 
main fairway.  The flows will not exceed the maxima that presently exist but higher flow 
speeds will occur over larger channel areas, particularly at the lower states of the tide. 
 
Summary 
 
In summary, the effects within the estuary of the Scenario 1 developments on the 
hydrodynamic regime are dominated by the breakwater positioning, length and layout.  
The breakwater causes a change in flow circulation as a result of blockage, channel, 
and constriction effects.  The structure acts to narrow the flow path between the 
channels entering the Medina Estuary from the east and west Solent.  This generally 
results in increased flows within these channels, depending on the state of the tide.  
The other principal consequence of placing the proposed breakwater structure in the 
outer estuary is to partially block the tidal pathway, which considerably changes the 
local flow pattern, which also vary in extent and magnitude over the tidal cycle. 
However, it should be noted that these pattern changes do not greatly extend inside 
the Shrape Breakwater, leaving the flow patterns within the outer harbour relatively 
unaffected. 
 
The dredging of the marina and the pontoon infrastructure has very little impact and 
only a localised effect on the hydrodynamics.  Existing marina facilities and berths will 
be relatively unaffected and no hydrodynamic changes are seen at the Chain Ferry.  
Flow increases will occur in the outer part of the main Fairway.  However, the 
maximum flows that already exist are not significantly increased.  The higher flow 
speeds can be expected to occur for longer throughout the tide and experienced over a 
greater extent of the main channel. 
 
Since the Maximum Development Scenario (MDS) incorporates the Scenario 1 
breakwater and marina layout, comparison of hydrodynamic effects for the two 
scenarios will indicate the relative proportion of the Scenario 1 developments makes to 
the MDS effects.  The appropriate comparisons in Appendices B and D all show that, 
with respect to the outer estuary, nearly all the change recorded is due to the 
breakwater and marina, except for very subtle localised changes, probably created by 
small differences in tidal phasing and water levels.  This section has also indicated that 
of this change an overwhelming majority results from the breakwater element of the 
proposal. 
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6.1.2 Scenario 2 
 
Scenario 2 comprises a shorter breakwater on the approximate alignment of the 
existing Shrape Breakwater, in shallower water further into the mouth of the Medina 
Estuary.  As with Scenario 1, the extent and magnitude of the hydrodynamic changes 
within the estuary will vary over the tidal cycle, being controlled by the local tidal flow 
regime within the Solent. 
 
Ebb Tide 
 
Over the HW slack period the effects of the development are characterised by changes 
shown in Figure 47, which all occur around the diagonal line between the head of the 
Shrape Breakwater and the RYS Haven, into which the new breakwater is aligned.  In 
general, flow speeds over the HW stand are reduced immediately inside this line, 
particularly behind the centre of the breakwater where the flows become slack (i.e. a 
reduction in speed of over 0.2 m/s) and extend across the outer main fairway to the 
Marine Parade Landing.  Just inside, flow speeds are increased up to about 0.2 m/s 
(absolute) due to the flow entering through the west entrance along the secondary 
channel but immediately turning to exit through the east channel.  Over the harbour, 
flow directions are little affected, except in the area of the new secondary channel.  At 
the time of the first HW, the breakwater and marina together suppress the small 
existing east side ebb flows, reducing flow speeds over the area of the marina.  This 
effect, however, is considerably reduced later in the DstandF as shown in Figure 47.   
 
As the tide falls and the offshore flows slacken, this leaves the outflow from the estuary 
to dominate the local flow patterns.  Figure 48 clearly illustrates the effect of the 
breakwater.  This pattern of change will occur from about LW -3 hours to just before 
LW, with the maximum effect with respect to flow speed changes occurring around LW 
-2 hours.  Figure 48 shows the main outflow is split between the existing fairway and 
the new secondary channel but, more particularly, the gap between the Shrape and 
new breakwaters, as opposed to exiting over the full estuary width.  This creates two 
areas of significantly accelerated flow: 
 
�� To the western end of the new breakwater, predominantly in the existing 

fairway but most significantly, extending across to the Marine Parade.  The 
maximum increase in flow occurs within the main fairway opposite the end of 
the breakwater by between 0.2 - 0.4 m/s.  This has the effect of increasing the 
overall maximum speed of flow along the fairway to approaching 0.8 m/s 
(depth average, spring tides). 

�� Flows through the new eastern entrance, rapidly increase in a northward 
direction, extending over 500 m from the breakwater again with increased 
flows of 0.2 - 0.4 m/s, creating a DjetF through the entrance.  The maximum 
speed of over 0.6 m/s will occur immediately at the narrow entrance. 
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Immediately in the lee of the breakwater a large area of reduced flow (predominantly 
0.2 - 0.4 m/s) creating almost slack conditions, occurs at this state of the tide.  Very 
DsharpF gradients in flow speed are created, which will significantly affect vessels 
passing within 500 m of the breakwater.  Inside the breakwater, with the exception of 
the outer main fairway flow speeds are moderately reduced (0.05 - 0.1 m/s).  However, 
slightly higher changes occur at the eastern end of the breakwater.  Flow directions, 
however, are not predicted to significantly change.  Despite this reduction, flow speeds 
remain relatively strong; therefore, ebb tide sedimentation within the harbour at this 
state of the tide should not be significantly enhanced.   
 
No effects on the hydrodynamics are predicted up estuary of an approximate line 
between ShepardFs Wharf and Venture Quay. 
 
Flood Tide 
 
As for Scenario 1, the pattern of hydrodynamic effects is determined by the three 
DelementsF of the flood tide, the lower levels, before the Dyoung flood standF, the stand 
itself and the higher water levels when most of the tidal prism enters the estuary.  
During the period of the Dyoung flood standF, on a spring tide, flows almost completely 
become slack, therefore, the developments have little effect.  The effects can be seen 
at hourly intervals throughout the tide in Appendix E if required.  Figure 49 (LW + 1 
hour) shows the indicative pattern of hydrodynamic change during the early flood 
phase when the offshore flows are from west to east.  Similar to the ebb tide, flows are 
concentrated on the two entrance gaps where flow speeds are increased by up to 0.2 
m/s.  In the main fairway, the peak flows will still be lower than presently occur later in 
the tide.   
 
The breakwater itself blocks the flow which entered the centre section of the cross 
section reducing flows both immediately inside and outside.  The orientation of the 
breakwater means that little change occurs to the flow directions outside the 
breakwater except in the immediate vicinity.  Inside, the sheltering effect extends about 
300 m directly southwards of the eastern half of the breakwater with the most 
significant reductions in flow, over 0.2 m/s, creating slack water within 100 m of the 
breakwater 
 
Within the new marina area, changes to the hydrodynamics are small, with small 
reductions in flow across the deeper north-west corner and slight increases in flow in 
the newly dredged area.  At these lower states of tide, none of the existing harbour 
uses and infrastructure will be affected. 
 
On the flood, as with Scenario 1, the most significant changes occur during the rising 
tide following the Dyoung flood standF.  These effects are illustrated by the time LW +5 
hours (Figure 50), which shows a similar but reversed pattern to that which occurred at 
LW -2 hours (Figure 48) on the ebb tide.  The increase in flow through the new east 
entrance again causes a DjetF flow extending about 500 m from the entrance, through 
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the outer two thirds of the new marina.  Flows in this area could exceed 0.4 m/s, 
however, slack water is predicted at the back of the marina and over the remaining 
mudflat. 
 
In the area of the main fairway, flows accelerate either side of the entrance at the end 
of the breakwater.  Much of this area (outside the line between the breakwater and 
Marine Parade) is in an area of presently slack and separating flow, therefore absolute 
flows are still relatively slow compared to the main channel.  Maximum flows up to 
about 0.6 m/s will occur within the fairway adjacent to the west end of the breakwater, 
where flow directions will set vessels to the west side of the channel.  The DshelterF 
from the breakwater reduces the flows over the centre of the harbour including the 
fairway in front of Cowes Yacht Haven and ShepardFs Wharf.  Little change, however, 
occurs within the marina areas themselves. 
 
Summary 
 
The main changes to the hydrodynamic processes caused by the Scenario 2 
developments are similar on both the flood and ebb tides.  The breakwater effectively 
blocks all flow entering or leaving the estuary through the centre of the cross section.  
This flow is then diverted to both ends which increase the flow through both entrances.  
This then creates DjetsF of increased flow extending up to 500 m from the entrance.  
The maximum flows occurring just down flow of the respective entrances.  Between the 
entrances flows effectively stagnate, particularly in the lee and within about 100 m of 
the breakwater. 
 
These DjetF and stagnation areas create a complicated pattern of fast and slow flows 
across the entrance either side of the breakwater, compared to relatively uniform flow 
conditions at present.  This will not be conducive to the safest navigation; also 
maximum flow speeds experienced in the fairway will be increased. At certain states of 
tide flow around the west end of the new breakwater will set vessels to the west side of 
the channel.  Increased flows will also occur adjacent to the sea defence wall along 
Marine Parade. 
 
As with Scenario 1, no significant change is expected to the existing users of the 
harbour and hydrodynamic effects do not extend to the Chain Ferry. 
 
The new marina will experience significant flow speeds through the outer half during 
the flood from the concentration of flows through the new east entrance.  The 
orientation of the new secondary dredged channel appears to have little effect on the 
distribution of flow speeds and directions. 
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6.2 Sediment Transport Modelling 
 
Through the calibration process it was found that modelling the sediment transport 
within the estuary was complex.  Model runs with different sediment characteristics 
were required to describe the changes that are, and have been, occurring in the 
estuary at different locations within the system.  For the MDS case, the results of two 
sediment modelling set-ups have been presented to indicate the sensitivity within the 
system.  For the current evaluation of the two different breakwater and marina scenario 
layouts, only sediment model set-up 2 has been used, which characterises the 
sediment in the system through a 60�m floc size.  It should be noted that this set up 
tends to give better agreement with existing sedimentation patterns in the upper half of 
the estuary but does not represent the erosion characteristics as well in Cowes 
Harbour. 
 
The results of the modelling are presented as the annualised change in sediment 
thickness (bed level change) that is predicted to occur with Scenarios 1 and 2, in 
Figures 51 and 52, respectively.  The difference from what is predicted to occur from 
the baseline (existing estuary) is shown in Figures 53 and 54. 
 

6.2.1 Scenario 1 
 
For the outer breakwater layout, Figure 51 shows that, over the majority of the estuary, 
particularly at the edge of the subtidal and lower sections of the intertidal, accretionary 
tendencies dominate.  The annual accretion rates are greatest in the area down 
estuary of the Chain Ferry with maximum rates approaching 0.1m per year.  These 
areas include the RYS Haven, the outer section of Cowes Yacht Haven, ShepardFs 
Wharf and the area of the Red Funnel car ferry terminal.  Similar orders of 
sedimentation will occur in the newly dredged area of the marina. 
 
By comparison, general rates of bed level change in the main channel and lower 
intertidal are small (generally erosion of less than 0.005m per year) except for the 
isolated dredge pockets and DembaymentsF close to the shore between the Chain Ferry 
and Kingston Quay, where accretion occurs in a small narrow area of erosion up to 
about 0.08m per year at the lower edge of the intertidal on both sides of the estuary.  
Some slight accretion (up to 0.02m per year) is evident across the mid intertidal areas.  
This suggests there is a tendency for a slight reduction in overall intertidal area.  
However, with a small increase in vertical level causing a slow steepening of the 
intertidal profile, particularly the lower to mid section. 
 
Figure 53 shows the change that the Scenario 1 breakwater and marina cause from 
what is predicted to occur in a year should no further developments take place.  This 
diagram shows that introduction of the works generally, marginally increase the rate of 
accretion within the main channel and lower intertidal from Folly Inn to Newport 
compared to the pattern without the development.  The annual change in these areas 
is, however, small being generally an increase of less than 0.005m per year.  From 
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Folly Inn to the Dodnor Reservoir a narrow band of accretion of up to 0.08m per year 
occurs in the lower to mid intertidal but marginal erosion compared to the existing 
condition prediction occurs in the mid to upper section of the intertidal.  The change, 
however, is less than 0.005m per year. 
 
This indicates that the Scenario 1 breakwater and marina layout tends to reduce the 
existing erosional pressures at the edge of the intertidal, thus helping to maintain the 
overall mud flat area.  Marginally less material, however, is available to increase the 
height of the higher intertidal.  The Scenario 1 developments will, therefore, have a 
slightly greater tendency for flattening the hypsometry of the marsh compared to the 
existing sedimentary processes. 
 
Between Medina Wharf and East Cowes Marina in the main channel, the breakwater 
and marina will cause a small amount of erosion with increased accretion (up to about 
0.08m per year) at the up estuary end of the outer section of the marina.  Accretion in 
the embayment area of the marina, however, is predicted to reduce compared to the 
existing situation.  Additional accretion is likely to occur in the embayment areas of the 
shoreline down to the Chain Ferry. 
 
In the area between the new breakwater and the Chain Ferry, increased sedimentation 
and erosion areas are predicted up to ±0.08m per year over the existing pattern.  A 
feature is the reduction in sedimentation within the marina and haven areas on the 
west side of the estuary (RYS Haven, ShepardFs Wharf and Cowes Yacht Haven).  
This indicates a redistribution of the sediment settling, rather than a large change in 
overall mass.  The breakwater, significantly, reduces the wave energy on the west side 
of the Harbour (see Section 6.3).  Therefore, it is hypothesised that the change in wave 
disturbance effect is sufficient to reduce suspension of sediment (or allow faster 
settling) so material cannot reach the slack water or higher intertidal areas.  Also of 
note is the change to sedimentation at a rate up to 0.08m per year across the fairway 
in the area of Town Quay.  It is suggested, however, that it is unlikely to require 
dredging due to the disturbance effects of the ferries. 
 

6.2.2 Scenario 2 
 
Similar annual sediment predictions as presented for Scenario 1 are shown in Figures 
52 and 54 for Scenario 2.  In general, up estuary of the Chain Ferry, the pattern of 
change between the two scenarios is similar, except for small differences in the 
magnitude of effect.  Overall, slightly more annual accretion (<3mm per year) is 
predicted in the main channel areas but more erosion occurs at the low water margin, 
which gives a greater annualised prediction of accretion on the middle intertidal, 
compare Figures 52 and 54.   
 
Outside the Chain Ferry is the area of most change.  Here, there is relatively large 
change in the sedimentation pattern (although magnitudes of change are not 
particularly large) compared to existing conditions.  The main fairway is no longer 
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distinct as a generally eroding channel.  Accretion is shown along the west side of the 
channel fronting Cowes Yacht Haven with increased rates of sedimentation of up to 
0.06m per year.  Accretion is also the dominant process at differing rates in a diagonal 
zone from Venture Quay out to the RYS Haven along the rear of the breakwater.  This 
zone crosses the secondary (east channel) with the highest rates of accretion within 
the Harbour.  This suggests maintenance of the new channel would be required on a 
sub five year basis.  The distribution also suggests maintenance dredging of the main 
fairway may also result on an ad hoc basis.  The Scenario 2 layout also shows areas of 
accretion outside of the breakwater and on the outer Shrape Mud that do not occur for 
Scenario 1. 
 
At the existing Marina facilities, the Scenario 2 layout predicts little accretion within 
ShepardFs Wharf and Cowes Yacht Haven, which is a considerable reduction 
compared to the present conditions.  The reduction in sedimentation in these areas is 
reduced more with Scenario 2 compared to Scenario 1. 
 

6.2.3 Conclusion 
 
Both breakwater and marina scenarios affect the sedimentation patterns throughout 
the estuary.  For the most part, the effects are to promote additional accretion within 
the main channel up estuary of the Chain Ferry but induce further erosion (albeit of 
small magnitude (<0.005m per year)) in the very shallow subtidal and lower intertidal.  
This erosion creates accretion in a narrow zone on the adjacent mid intertidal.  Little 
additional sediment, however, reaches the upper intertidal area.  These general trends 
are greater with the Scenario 2 layout compared to Scenario 1.  Compared to the 
present conditions, the model indicates the developments tend to cause a slight 
flattening of the intertidal profile due to lower edge accretion, as opposed to higher 
level erosion.   
 
In the area outside the Chain Ferry changes in sedimentation patterns tend to be 
accretionary with relatively large areas accreting at an additional 0.08m per year.  
However, both breakwater layouts are predicted to considerably reduce the rate of 
sedimentation in all the existing protected marina facilities on the west side of the 
Harbour, with sediment being redistributed to the deepened area of the new marina.  
With Scenario 1 the existing main fairway remains well defined as an area of relatively 
little sedimentation (even marginal erosion), although some small increase in 
sedimentation could be expected off Town Quay.  With Scenario 2 sedimentation 
occurs across the main fairway between Cowes Yacht Haven and the RYS Haven, 
with the highest rates occurring across the secondary channel.  The size and area of 
change suggests maintenance dredging of the secondary channel will be required 
within a sub five year time period and ad hoc dredging in the main fairway with the 
Scenario 2 layout.  With Scenario 1 and the continuation of the ferry services causing 
bed disturbance, regular maintenance dredging of both channels is less likely to be 
required to maintain dredged depths. 
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6.3 Wave Disturbance 
 
Previous studies (e.g. ABPmer, 2004) have analysed the wave and wind criteria for the 
entrance to the Medina Estuary.  This analysis identified that the most severe waves 
originate from the north or northeast of Cowes.  These directions also contribute about 
80% of the wave activity experienced at Cowes.  For this reason, the two development 
scenarios have been evaluated for their wave protection effects from the northerly 
direction with a Return Period Probability of 1 in 50 years with a water level equivalent 
to MHWS.  This resulted in a significant wave height (hs) of 1.08 m with a peak period 
of 4.5 seconds. 
 
The DHI Boussinesq Wave Disturbance Model was used for the evaluation to allow the 
effects of diffraction, reflection and transmission to be represented.  The model results 
are presented in a number of ways: 
 
�� As a comparison of significant wave heights (Hs) for the 1 in 50 year wave 

condition; 
�� As the distribution of wave height coefficients relative to the incident wave; 
�� Significant wave height (Hs) difference plots for each scenario relative to the 

baseline (existing condition).  These plots also show comparisons across a 
series of profiles through the harbour. 

�� Significant wave height exceedance analysis comparison in defined areas of 
the harbour. 

 
The results from these different forms of analysis are presented in the following 
sections. 
 

6.3.1 Comparison of Significant Wave Heights and Wave Disturbance Coefficients 
 
The modelled distribution of significant wave heights (Hs) for the baseline and Scenario 
1 and 2 developments for the 1 in 50 year northerly wave condition at MHWS are 
compared in Figure 55.  A similar comparison for the wave disturbance coefficient 
relative to the input wave conditions is shown in Figure 56.  In the baseline condition, 
significant wave heights, which exceed 1.2 m, penetrate the harbour along the deeper 
fairway.  Waves of up to 1m penetrate to ShepardFs Wharf with waves in the range 
0.15 - 0.4 m being able to penetrate through the Chain Ferry (see Figure 55).  The 
diagram also shows that under this extreme condition, significant wave activity can 
occur within all the marina facilities down the west side of the harbour, particularly at 
the apex to Marine Parade. 
 
With the Scenario 1 breakwater, it is clear that the wave activity is significantly reduced 
(order of 40%) with the exception of the entrance between the RYS Haven and the 
breakwater around the Marine Parade Landing and the north-east facing section of 
Marine Parade itself.  The outer, new marina breakwater pontoon also helps reduce 
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the remaining penetration of wave energy into the harbour.  With the Scenario 1 
breakwater, little or no energy penetrates through the Chain Ferry constriction. 
 
Figure 45C, for the Scenario 2 breakwater layout, shows a similar order of wave 
protection but over a smaller area.  In the area of the Marine Parade and the RYS 
Haven there is little difference between the scenarios, neither creating much benefit.  
With Scenario 2, wave energy penetrates through the eastern entrance but the 
breakwater pontoons help protect the new marina, although some reflection occurs 
across the secondary channel.  Overall, inside the breakwater, slightly more energy 
penetrates inside the Shrape Breakwater with Scenario 2 compared to Scenario 1.  
Individual locations around the new marina show significant wave heights in the range 
0.2 - 0.33m with Scenario 1 compared to 0.26 - 0.37m for Scenario 2, which 
themselves compare with 0.52 - 0.72m under existing conditions. 
 
Additionally, the Scenario 1 breakwater significantly reduces wave activity over the 
outer Shrape Mud, thus reducing the wave loading on the existing Shrape Breakwater 
and creates shelter for the new secondary channel. 
 
Nearly all existing marine facilities will benefit from either breakwater construction, for 
example 70% reduction at Cowes Yacht Haven and ShepardFs Wharf.  The only 
disbenefit would appear to result from reflections of the northerly wave from the 
Scenario 1 breakwater back into the Solent, increasing wave heights by about 0.2 m, 
which could DhamperF navigation passing the estuary.  The same order of reflection is 
not apparent for the Scenario 2 layout.  Figure 46 shows the same information in terms 
of a wave disturbance coefficient, clearly showing the large disturbance benefit to the 
Cowes Yacht Haven, as well as wave activity along the main navigation fairway. 
 
Both scenarios still allow some penetration of waves through the outer fairway which 
are refracted and diffracted to some extent towards the new marina, with a northerly 
wave.  The breakwater will not provide protection from a north-westerly wave direction.  
It is clear, therefore, for a maximum wave protection for the new marina, a wave break 
outer pontoon will be essential to maintain low wave disturbance in the marina from all 
directions.  With Scenario 2, this will also be essential to dissipate waves penetrating 
directly through the eastern entrance. 
 

6.3.2 Wave Disturbance Difference Plots   
 
Figures 57 and 58 show wave height difference plots for Scenario 1 and Scenario 2 
developments relative to the baseline condition.  These two plots clearly show the 
areas sheltered by the breakwater and pontoon layouts.  All wave heights will be 
reduced with the exception of outside the outer breakwater, due to reflecting waves.  
The individual profiles show the relative improvement throughout DstrategicF sections of 
the estuary, as well as indicating the significant wave heights that can be expected with 
a northerly 1 in 50 year Return Period storm.  For example, the maximum significant 
wave height predicted in the fairway under the baseline condition is about 1.5 m, which 
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is reduced to 0.4 - 0.5 m at this location with both scenarios.  Along the lines of the 
profiles, the maximum predicted significant wave height within the sheltered area is 
about 0.6 m and 1.0 m with Scenarios 1 and 2, respectively. 
 

6.3.3 Wave Exceedance Analysis 
 
To assess the likely exceedance of specific significant height waves, the harbour has 
been divided into eight areas reflecting the different DuseF areas of the harbour, for 
example, the RYS Haven and Marine Parade Landing, the main fairway, etc.  These 
areas are shown in Figure 59.  The comparative exceedance curves are shown in 
Figure 60.  These curves clearly show that Scenario 1 developments are considerably 
more beneficial in reducing wave disturbance than Scenario 2. 
 
The only area where no benefit results is around the RYS Haven and Marine Parade 
Landing.  Within the new marina about 40% of the area will experience significant 
wave heights in excess of 0.3 m (1 in 50 year Return Period storm), but none above 
0.5 m with Scenario 1.  This exceedance increases to 65% with Scenario 2 with a 
maximum height approaching 1 m.  The greatest improvement in wave conditions is 
seen at Cowes Yacht Haven and ShepardFs Wharf, where all waves are predicted to 
be reduced to below 0.3 m with Scenario 1, whereas presently waves across the 
entrances can exceed 1 m under northerly storm conditions. 
 

6.3.4 Discussion 
 
Both the inner and outer breakwater options reduce wave heights along the fairway 
and are, therefore, beneficial to navigation in terms of wave hydrodynamics. Reduced 
wave heights make for a more comfortable passage of vessels obliged to navigate its 
length during times of wave disruption. However, there are additional differences that 
are not immediately obvious from the modelling results. Under the current situation, the 
fairway appears to focus waves into the outer estuary and maintain wave heights into 
the zone where tidal currents reach their peak. This maximises the opportunity for 
wave-against-tide conditions to occur during ebb conditions and make fairway/outer 
harbour navigation particularly uncomfortable. The benefits of the outer breakwater, 
therefore, become two-fold, in that it minimises the potential for wave-against-tide 
phenomena to occur in the fairway while not elevating wave-against-tide phenomena, 
beyond those experienced presently in zones that are not afforded the same extent of 
wave protection, such as the fairway between the Parade Landing and the outer 
breakwater. The elevation of currents by the inner breakwater may maintain wave-
against-tide conditions similar to levels presently experienced. 
 
The focusing of reflected waves could be lessened if the breakwaterFs alignment took a 
convex shape, should the effect upon other hydrodynamics not be compromised. 
Reflections from the breakwater can be minimised by paying particular attention to the 
design of its exposed face. For example, a slope with gradient less than 1:3 and a 
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rough, rubble surface would be expected to lower reflection coefficients to no more 
than 0.3 (30%) (Thompson et al., 1996). 
 
Although protection afforded to the outer estuary by the outer breakwater (Scenario 1) 
is considerable, waves approaching from the north-west will be more closely aligned to 
the fairway and are, therefore, expected to penetrate deeper into the Outer Harbour. 
However, waves originating from the north-west have a shorter fetch than waves from 
the north and are expected to be smaller in magnitude. The floating breakwater at the 
front of the proposed Shrape Marina Development will be essential to maintaining 
favourable navigation and berthing conditions within the marina. 
 
The outer breakwater option offers some protection to part of the eastern entrance 
channel against waves, which should improve navigation in this area for wave 
conditions. Maximum flow speeds are increased in this region, but do not exceed 
magnitudes presently experienced in the outer estuary. The combination of wave 
heights with these peak flows is generally of a similar magnitude to that currently 
observed. However, at this location both flow direction and wave direction are more 
variable than further inside the outer estuary, which will, potentially, lead to a greater 
number of combinations with respect to wave-current interaction. The wave models 
applied in the present study do not permit the simulation of wave-current interaction, 
and given the general wave and current conditions this is not considered a significant 
problem. 
 
Significant reductions in wave height of 70% are apparent in the Cowes Yacht Haven 
and ShepardFs Wharf with the addition of the outer breakwater and the floating pontoon 
in the new marina. Present circumstance identifies waves of two different directions to 
be incident upon Cowes Yacht Haven and ShepardFs Wharf. The greatest of these 
waves approach from the fairway and is generally directed to the south. A second, and 
lesser wave, originates as a reflection from the East Cowes Frontage. Interaction of 
these two waves as they meet causes much disturbance in the vicinity of Cowes Yacht 
Haven and ShepardFs Wharf. The combined protection by the outer breakwater and the 
new marinaFs floating breakwater results in the significant reduction of wave height in 
these two existing marinas. 
 
 

7. Conclusions 
 
Numerical modelling has been undertaken to investigate the combined effects on the 
hydraulic and sedimentary regime of 25 possible developments, the Maximum 
Development Scenario, which could realistically be proposed throughout the Medina 
Estuary in the future.  These developments vary considerably in their relative size.  The 
Modelling has also been carried out to investigate the relative effects associated with a 
0.6m sea level rise.  The largest possible development involves the construction of an 
outer wave protecting breakwater, along with a new marina development behind the 
Shrape Breakwater.  This development has also been modelled with two different 
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breakwater alignments to investigate the differing effects, in order to aid the future 
design process to obtain an optimum layout when such a development is proposed. 
 
Overall, the modelling was used to investigate the likely scale of the in-combination 
effects, to determine whether such a scale was likely to be over detrimental to the 
estuary as a whole in the future.  The total MDS comprised of an increase in subtidal 
volume of about 343,000m3 (4.3%) and an inter volume of 1260m3, whilst reducing the 
intertidal surface area within the estuary by about 4.8 ha.  The following bullet points 
summarise the main effects resulting to the estuary dynamics: 
 
Water levels 
�� The processes in the estuary controlling water levels are spatially variable and 

the developments cause different levels of change along the estuary; 
�� The MDS, under existing forcing conditions, has a negligible effect throughout 

the estuary at LW but generally increase HW levels by up to 0.02m (average 
0.01m), thus marginally increasing the tidal range, hence tidal prism; 

�� With sea level rise (0.6m), the effect of introducing the MDS increases water 
levels about double compared to the effect under existing forcing conditions; 

�� With sea level rise alone, the propagation of the tide through the deeper water 
increase both HW and LW levels by a further 0.02m and 0.03m, respectively, 
thus marginally reducing the mean spring tidal range (0.2%); 

�� The impact of sea level rise has a greater impact on tidally propagated water 
levels than the impact of the MDS developments. 

 
Current Speeds 
�� With SLR alone the deeper water depths contribute to reducing current speeds 

by around 0.02m/s (13-15%) in Cowes Harbour.  Up estuary of the Chain 
Ferry small localised increases in subtidal velocity result, of the order of 
0.01m/s (10-14%).  Flow speeds over the intertidal areas are relatively 
unaffected; 

�� With the MDS, concentrations of flow occur around the ends of the breakwater 
increasing spring/neap tide average flows 0.03m/s (24%).  Current speeds 
over the outer Shrape Mud will also be significantly increased, the amount and 
extent of change, however, will be affected by the final design and layout of 
the breakwater; 

�� Within the outer harbour as a whole, the average current speeds are reduced 
by about 0.01m/s, i.e. about half that caused by SLR alone but larger changes 
were evident at the component MDS developments; 

�� Up estuary of the Chain Ferry, the MDS has little estuary wide effects, 
although changes, mainly reductions in flows, resulted at the locations of 
individual developments, particularly where dredging was involved.  These 
localised effects were generally greater than would occur for SLR alone; 

�� Introducing the MDS with SLR forcing conditions shows the effects on current 
speeds will be less than under existing forcing conditions but greater than for 
SLR alone; 
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�� In the upper estuary the SLR and MDS combined tends to marginally 
decrease flows in the subtidal and lower intertidal but increase the flows over 
the upper intertidal. 

 
Morphological change 
�� For all development scenarios, subtidal volume, surface area and total HW 

volume increased throughout the estuary.  Tidal prism increased for all SLR 
scenarios, due to the tide operating at a higher level in the valley profile, rather 
than a significant change in the tidal range; 

�� The MDS case makes very little difference to the tidal prism under present day 
forcing conditions; 

�� The most significant morphological effects occur within Cowes Harbour, mainly 
due to the direct developmental effects; 

�� SLR causes morphological effects in the most natural section of the estuary, 
between Folly Inn and Dodnor, where the estuary can Droll-backF; 

�� Morphological parameter analysis shows that the development and SLR 
scenarios have only minor effects on the flood dominant (area/volume 
perspective) nature of the estuary; 

�� The scale of change in morphological parameters do not indicate that large 
morphological change will be induced by SLR or the MDS developments either 
alone or in combination; 

�� The Chain Ferry remains the main control section for the estuary morphology.  
Large-scale morphological change in the estuary is not expected whilst this 
section is unaffected by future development. 

 
Sedimentary processes 
�� The pattern of accretion and erosion resulting from the sedimentary processes 

is complex and the controlling sediment characteristics vary along the estuary.  
Fine cohesive sediments, but represented by a high settling velocity 
(equivalent to about 130�m particle size) are required to characterise the 
sedimentary patterns within Cowes Harbour, particularly the outer areas.  Up 
estuary of the Chain Ferry, the characteristic sediment size fines and the best 
representation is given by a 60�m floc size.  Overall, the correct sediment 
concentrations in the water column require a settling velocity equivalent to a 
20�m particle size.  The results from each of these characteristic sediments 
gives information on the sensitivity of the system; 

�� With SLR alone, increased sedimentation is induced across the mouth of the 
estuary, over the intertidal of the outer Shrape Mud and over a larger area 
than currently exists on the west side of the harbour, between ShepardFs 
Wharf and the RYS Haven, increasing the maintenance dredging requirements 
at the entrance to these facilities.  Within the sheltered marinas themselves, 
little additional sedimentation is expected to occur.  The erosion rate on the 
intertidal of the inner Shrape Mud is reduced and general self-maintenance of 
the main fairway will continue, although there is an increased possibility for a 
bar to form opposite the RYS Haven.  Up estuary of the Chain Ferry most 
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sedimentary changes would appear to result from a redistribution of estuary 
sediments rather than the import of new sediment.  SLR marginally reduces 
the erosion potential around the low water mark for the 130�m characteristic 
size but marginally increases erosion with the 60�m floc size material, albeit at 
a lower percentage rate than the change occurring at LW levels.  In areas of 
narrow intertidal, the model results indicate that the mudflat may be able to 
accrete in pace with SLR.  In wider areas a steepening of the lower intertidal is 
predicted with a slight overall rate of rise, which appears to slow as sea level 
rises.  Overall, this indicates, as SLR occurs, the sedimentary processes 
become more stable throughout the estuary, particularly inside the Chain 
Ferry.  This is a process that the historical analysis suggests has already 
started; 

�� Introduction of the MDS (particularly the breakwater) tends to create 
sedimentation immediately inshore and offshore of the structure (up to 0.04m 
per year).  The general pattern is very similar to the effect of SLR alone.  
Increased sedimentation also occurs through to Kingston Quay, due 
predominantly to the capital dredging and wall realignments.  This is most 
clearly seen opposite East Cowes Marina.  In the inner and upper estuary the 
MDS components have little or no effect on the estuary wide hydrodynamics 
and sediment patterns, except at the location of the works.  This is similar to 
the SLR scenario alone.  The overall effects are dominated almost entirely by 
the construction of the breakwater; 

�� Whilst SLR generally causes accretion in the centre locations of the harbour 
and the fairway, the streamlining of the flow around the breakwater has a 
beneficial effect in helping to erode any sedimentation that is likely to result 
with increasing water levels.  In the sheltered marina facilities sedimentation 
will occur again, which was not the case for SLR alone.  The rates, however, 
are little different to those predicted for existing forcing conditions.  The only 
effects up estuary of the Chain Ferry are generally accretionary and confined 
immediately to the capital works, with little estuary wide effect.  These effects 
are considerably lower than would result for the construction of the MDS under 
present day forcing conditions. 

 
Ecology 
�� The outer breakwater coincides with a dense and healthy population of 

eelgrass, therefore, there will potentially be both direct and indirect 
consequences which will require to be addressed within an EIA for an actually 
proposed development.  The actual extent of impact will be dependent on the 
final breakwater design.  The new secondary dredge channel will almost 
certainly pass through the area of eelgrass; 

�� Directly adjacent/at the component parts of the MDS there will be a change of 
habitat type (e.g. from intertidal to subtidal or a change of substrate).  This will 
cause a change to the in-fauna that may impact on fish and bird feeding.  
These effects will be most significant for the areas of change in the outer 
estuary; 
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�� Modelling indicates that most indirect changes from the MDS will result from a 
small change in water levels, rather than a significant change in the erosion 
and accretion patterns; 

�� With existing forcing conditions, the component realignment schemes provide 
little increase in intertidal as ground levels behind the walls are generally too 
high.  If these areas are to be used to offset the effects of other proposals, 
then engineering of the profiles will be required; 

�� With SLR the most significant ecological effects are likely to result from the 
loss of intertidal area and increase in estuary volume, with its knock-on effects, 
particularly for bird usage.  In general, rates of sedimentation are low and, at 
present, of a similar order to current rates of SLR.  However, at future 
predicted rates, the rise of the mud flat will not keep pace.  The loss will, 
therefore, occur due both to continuing erosion near to LW as well as the 
slower rates of accretion when compared to the rate of SLR; 

�� The MDS combined with SLR just tends to enhance the effects of SLR.  Within 
the middle section of the estuary the Dset backF schemes (as implemented in 
the MDS) increase the intertidal by 3.3 ha and by 0.6 ha for the area up 
estuary of the Chain Ferry.  This, however, will be at a high level, being more 
conducive for saltmarsh growth rather than intertidal mudflat, of which most 
will be lost; 

�� In Cowes Harbour the MDS again enhances the effects of SLR, removing 
about 13 ha of intertidal, mainly over the Shrape Mud (this figure, however, 
depends on the specific design of the developments when proposed). 

 
In addition to the MDS assessment, additional modelling has been undertaken to 
determine the preliminary effects of two different breakwater layouts, to help with 
further detailed design in the future.  Scenario 1, which modelled an outer breakwater 
alignment, was the same as incorporated into the MDS.  Comparison of these results 
thus allows an assessment of the proportional effect resulting from the breakwater 
compared with the smaller developments in the MDS.  Scenario 2 represents a 
situation with the breakwater located as far in as is likely.  These represent the two 
likely extremes in location.  The two layouts were assessed with respect to the 
hydrodynamic and sediment transport processes as well as their wave protection 
effects for the harbour.  The following summarises the effects: 
 
Hydrodynamic Process 
�� Both breakwater scenarios change the flow circulation as a result of blockage, 

channel deepening, flow streamlining and cross-section constriction effects; 
�� The breakwaters both block the existing pathways to and from the estuary, 

particularly on the ebb tide, effectively reducing the entrance cross-section. 
�� Scenario 1 (outer breakwater) narrows the flow paths into the estuary from 

both the east and west Solent, increasing the flows within the respective 
channels at certain states of tide.  The main changes to flow patterns occur in 
the area outside the existing Shrape Breakwater.   Inside, the flow patterns are 
only marginally affected.  The existing marina and berth facilities will be 
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relatively unaffected and no changes in hydrodynamics occur at the Chain 
Ferry.  The maximum flows in the main fairway will not be increased but will 
occur for a longer period of time than for the existing conditions.  Comparison 
with the MDS results shows that nearly all the change recorded in the outer 
estuary resulted from the breakwater and new marina, and most of this was 
from the breakwater alone; 

�� With Scenario 2 the DblockageF effect forces the flow through the east and west 
entrances which causes a DjetF extending about 500m down flow of the 
entrances, with the maximum flows close to the entrance.  Between the 
entrances flows almost stagnate for 100m either side of the breakwater.  The 
flow speed and direction patterns become more complex and flow speeds are 
increased over those that currently exist, making navigation in and out of the 
harbour more difficult.  Vessels are likely to be set towards the west side of the 
fairway and increased flows will occur next to the sea defences at Marine 
Parade; 

�� From a hydrodynamic perspective, a Scenario 1 type location is closer to the 
optimum position than Scenario 2. 

 
Sediment transport modelling 
�� Both scenarios affect sedimentation throughout the estuary, promoting a small 

amount of accretion in the subtidal and additional erosion in the shallow 
subtidal/lower intertidal, up estuary of the Chain Ferry (note results from model 
set-up 2).  Accretion is evident on the mid intertidal but little reaches the upper 
intertidal areas.  These trends are marginally greater with Scenario 2 
compared to Scenario 1 and generally tend to flatten the intertidal profile; 

�� Outside the Chain Ferry the general pattern is for accretion at similar rates 
experienced in the existing marina areas.  Sedimentation in these existing 
areas is predicted to substantially reduce with the protection of the breakwater.  
The new marina will, however, accrete at a rate similar to the Cowes Yacht 
Haven at present; 

�� With Scenario 1 the main fairway remains clearly defined but with Scenario 2 
sedimentation is likely, and it is doubtful that the fairway will be kept clear 
without ad hoc maintenance dredging. Maintenance dredging will also be 
required for the new secondary channel. 

 
Wave disturbance 
�� Both scenarios reduce wave heights entering the harbour along the main 

fairway; 
�� The outer breakwater option (Scenario 1) minimises the effects of waves 

occurring against the tide and, therefore, reduces the disturbance effects 
further compared to the current situation.  The inner breakwater has less 
potential to minimise this effect; 

�� Neither breakwater layout protects the harbour from waves from the northwest, 
therefore, a floating wave break pontoon is likely to be essential around the 
outer edge of the Shrape Marina Development; 
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�� Construction of the Scenario 1 breakwater is likely to result in a 70% 
improvement in wave conditions experienced in the area of Cowes Yacht 
Haven and ShepardFs Wharf, which is considerably greater than for Scenario 
2; 

�� The RYS and Marine Parade Landing are the only areas that do not benefit 
from either breakwater location; 

�� In a 1 in 50 year return period storm, the new marina is likely to experience 
wave heights in excess of 0.3m over about 40% of the area, compared to 65% 
for Scenario 2.  The maximum wave height is likely to be about 0.5m 
compared to around 1m for Scenario 2. 

 
Overall 
�� The modelling of flows, waves and sediments, clearly shows that a breakwater 

in the vicinity of Scenario 1 has considerable overall benefit to the harbour 
compared to Scenario 2.  Up estuary, with respect to the sedimentary regime, 
there is little difference between the two layouts. 
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Difference in water levels along the estuary between the 

baseline, MDS and SLR for MHWS and MLWS. Figure 7 

 



 

 
Difference in water levels along the estuary between the MDS 

and the MDS in 100 years for MHWS and MLWS. Figure 8 
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Difference in water levels along the estuary between the MDS 

and the MDS in 100 years for MHW and MLW. Figure 9 
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Differences in average current speed along the estuary for SLR, MDS and SLR and MDs combined. Figure 11 
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Peak ebb current velocities and difference 

Baseline, MDS+100 – Outer estuary. Figure 12  
 



Peak ebb current velocities and difference - Baseline, MDS+100 – Inner estuary. Figure 13 
 



Peak ebb current velocities and difference - Baseline, MDS+100 – Upper estuary. Figure 14 



Peak Flood current velocities and difference 
Baseline, MDS+100 – Outer estuary. Figure 15 



Peak Flood current velocities and difference - Baseline, MDS+100 – Inner estuary. Figure 16 
 



Peak Flood current velocities and difference - Baseline, MDS+100 – Upper estuary. Figure 17 
 



Time series comparison of water level and current speeds for 
different scenarios. LOCATION: Former GKN Site Figure 18 

 



Time series comparison of water level and current speeds for 
different scenarios. LOCATION: Chain Ferry Figure 19 
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Model set up 1 - Predicted annual change in 
sediment thickness (bed level change) – Existing 
baseline case. 
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Model set up 1 - Predicted annual change in 
sediment thickness (bed level change) – Existing 
baseline case with forcing conditions associated 
with a 0.6m sea level rise. 
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Model set up 1 - Predicted annual change in 
sediment thickness (bed level change) resulting 
from the MDS with present forcing conditions. 
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Model set up 1 - Difference in predicted annual 
change in sediment thickness (bed level change) – 
MDS (existing forcing) minus Baseline case. 
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Model set up 1 - Predicted annual change in 
sediment thickness (bed level change) resulting 
from the MDS with forcing conditions associated 
with a 0.6m sea level rise. 

 

 
 

Figure 29 

 



 
 
 

 
 

 

 

Model set up 1 - Difference in predicted annual 
change in sediment thickness (bed level change) – 
MDS (0.6m SLR) – SLR alone 
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Model setup 2 - Predicted annual change in 
sediment thickness (bed level change) - Existing 
baseline case. 
 

 
 

Figure 31 



 
 

 

 
 

 

 
Model setup 2 - Predicted annual change in 
sediment thickness (bed level change) from a 0.6m 
rise in sea level alone. 
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Model setup 2 - Predicted annual change in 
sediment thickness (bed level change) resulting 
from the MDS case with present forcing conditions. 
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Model setup 2 - Difference in predicted annual 
change in sediment thickness (bed level change) -  
MDS (existing forcing) minus Baseline case. 
 

 
 

Figure 34  



 
 
 

 

 
 

 

 Model setup 2 - Predicted annual change in 
sediment thickness (bed level change) resulting 
from the MDS with forcing conditions associated 
with a 0.6m sea level rise. 
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Model setup 2- Difference in predicted annual 
change in sediment thickness (bed level change) – 
MDS (0.6m SLR) minus SLR alone. 
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Eelgrass Distribution Showing Possible Footprint
of Proposed Developments
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Breakwater scenarios and bathymetry Figure 42
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Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 1 and C. Difference between Scenario 1 

and Baseline for LW-4 hours. 
Figure 43 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 1 and C. Difference between Scenario 1 

and Baseline for LW-2 hours. 
Figure 44 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 1 and C. Difference between Scenario 1 

and Baseline for LW+1hours. 
Figure 45 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 1 and C. Difference between Scenario 1 

and Baseline for LW+5 hours. 
Figure 46 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW-5 hours. 
Figure 47 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW-2 hours. 
Figure 48 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW+1hours. 
Figure 49 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW+5 hours. 
Figure 50 








































     
      

































































Comparison of Significant Wave Heights.  A: Baseline.  B: Scenario 1 (MDS) Layout.  C: Scenario 2 (Inner Breakwater Layout) Figure  55 
 



Comparison of Wave Disturbance Coefficients..  A: Baseline.  B: Scenario 1 (MDS) Layout.  C: Scenario 2 (Inner Breakwater Layout) Figure 56 
 



Wave Disturbance Model: difference in wave heights (Scenario 1 – Baseline) (m). Each chart correlates to the marked profiles. Baseline Hs is shown in Black while scenario Hs is shown in 
Red Figure 57 

 



Wave Disturbance Model: difference in wave heights (Scenario 2 – Baseline) (m). Each chart correlates to the marked profiles. Baseline Hs is shown in Black while scenario Hs is shown in 
Red Figure 58 

 



 

Areas for Wave Height Exceedance Analysis  Figure  59 



Significant Wave Height Exceedance Analysis  Figure 60 
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Appendix A 
Model timeseries of water levels, 
flow speeds and directions at 
locations throughout the estuary for 
different development scenarios 

 

 



 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Grantham Rocks Figure A1 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Old Castle Point Figure A2 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Royal Yacht Squadron Figure A3 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Fairway Parade Figure A4 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Eastern Channel Figure A5 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Shrape Mud Figure A6 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Fairway Figure A7 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: New Shrape Marina Figure A8 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Cowes Yacht Haven Figure A9 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Shepard’s Wharf Figure A10 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Former GKN Site Figure A11 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Red Funnel Ro/Ro Figure A12 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Chain Ferry Figure A13 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Britannia Wharf Figure A14 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Medina Wharf Figure A15 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: East Cowes Marina Figure A16 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Northwood setback Figure A17 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Folly Works Figure A18 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Saltmarsh Figure A19 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Werrar Marsh Figure A20 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Opposite Werrar Marsh Figure A21 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Island Harbour Figure A22 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Island Harbour setback Figure A23 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Dodnor Depot Figure A24 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Dodnor Figure A25 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Dodnor Cottages Figure A26 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Leisure Centre Figure A27 

 



 

 
Time series comparison of water level and current speeds for 

different scenarios. LOCATION: Newport Harbour Figure A28 

 



 

Appendix B 
Peak ebb and flood flow patterns for 
the Baseline, MDS case and 
difference throughout the estuary 

 



 
Peak Ebb - Baseline, MDS – Outer estuary Figure B1 



 
Peak Ebb - Baseline, MDS – Inner estuary Figure B2 

 



 
Peak Ebb - Baseline, MDS – Upper estuary Figure B3 



 
Peak Flood - Baseline, MDS – Outer estuary Figure B4 



 
Peak Flood - Baseline, MDS – Inner estuary Figure B5 

 



 
Peak Flood - Baseline, MDS – Upper estuary Figure B6 

 
 



 
Peak Ebb – Baseline, MDS+100 – Outer Estuary Figure B7  



 
Peak Ebb – Baseline, MDS+100 – Inner estuary Figure B8 

 



 
Peak Ebb – Baseline, MDS+100 – Upper estuary Figure B9 

 



 
Peak Flood – Baseline, MDS+100 – Outer estuary Figure B10  



 
Peak Flood – Baseline, MDS+100 – Inner estuary Figure B11 

 



 
Peak Flood – Baseline, MDS+100 – Upper estuary Figure B12 



 
Peak Ebb – Baseline+100, MDS+100 – Outer estuary Figure B13 



 
Peak Ebb – Baseline+100, MDS+100 – Inner estuary Figure 14 

 



 
Peak Ebb – Baseline+100, MDS+100 – Upper estuary Figure B15 

 



 
Peak Flood – Baseline+100, MDS+100 – Outer estuary Figure B16  



 
Peak Flood – Baseline+100, MDS+100 – Inner estuary Figure B17 

 



 
Peak Flood – Baseline+100, MDS+100 – Upper estuary Figure B18 

 



 

 

Appendix C 
Medina chart difference analysis - 
March 2007 - December 2001 
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Appendix C. Medina Chart Difference Analysis 

Shoreline Surveys - March 2007 - December 2001 
 
 
Coverage 
 
The extent of the difference analysis is between Cowes Harbour in the north of the Medina and 
Newport Bridge in the south.  Both the lower intertidal and subtidal areas are described.  
Difference analysis has been undertaken by Shoreline Surveys using a digital terrain model 
(Surfer) of the two surveys, due to differences in line spacing and sounding density, which did 
not allow direct sounding comparison. 
 
Method of Interpretation 
 
The data have been produced using EkrigingF methods with resulting differences produced as 
0.1m interval resolution plots.  This chart was reanalysed to produce volumetric data in the 
intertidal and subtidal areas for the areas of estuary used in the Marine Assessment analysis. 
 
The datasets have not covered the existing marina areas but do show three distinct areas of 
capital dredging - The Royal Yacht Squadron, ShepardFs Wharf and near Kingston Quay.  The 
first two are predominantly from shallow subtidal areas; the latter has been estimated as about 
one third from the subtidal and two thirds from the intertidal.  It is also known other dredging 
occurred during this period, some of which would have been from the subtidal areas surveyed.  
This would tend to indicate that the resulting volumes of sedimentation in the subtidal areas are 
likely to be lower than actually was the case during the period.  For these reasons volumetric 
analysis has been undertaken for the overall survey area and then again removing the 
indicated areas of capital dredging.  The second dataset should give the better indication of the 
natural change, albeit still potentially over exaggerating the subtidal erosion (due to the 
additional dredging); it is this data set that has been described in this note.  The data has also 
been analysed to give the average thickness change in the component areas over circa 5.25 
years between the surveys. 
 
Analysis 
 
Figure 1 illustrates the depth variation between the two surveys (for the common areas) in the 
north of the Medina, between the entrance and Folly Inn. Figure 2 illustrates the depth variation 
between the two surveys for areas C and D, from Folly Inn to Newport Bridge.  Table 1 outlines 
the volumetric analysis for the sub-areas, which are also indicated on Figures 1 and 2. 
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Table 1.  Volume (m3) and average depth (cm) change – March 2007 to December 2001 
 

AREA INTERTIDAL SUBTIDAL 
 Volume (m3) Average Depth 

(cm) 
Volume (m3) Average Depth 

(cm) 
Entrance 1 0 4702 3.0 
Breakwater -6404 -11.0 -5171 -2.7 
A -594 -3.4 7576 4.8 
B 2278 3.6 7046 4.6 
C 8472 4.1 11406 8.6 
D 1744 1.1 3839 8.1 
TOTAL 5497  29398  
 
+ = Accretion 
 - = Erosion 
 
(Note - period of analysis taken as 5.25 years). 
 
The data illustrate that natural changes were mainly within ±0.4 m, with substantial areas in the 
middle of the channel showing no significant change (<±0.1m), particularly between the Chain 
Ferry and Folly Inn.  The main navigation channel through Cowes Outer Harbour shows a 
tendency for erosion.  Predominant accretion is evident along the shallow subtidal on the west 
side of the Outer Harbour and a Elinear patchF extending along the lower edge of the Shrape 
Mud inside the breakwater.  In the centre of the Shrape Mud, erosion of up to 0.4m occurred 
over the 5.25 year period.  In the intertidal area around West Cowes, there are patches of 
erosion with adjacent sedimentation, particularly around the Red Jet pontoon around Town 
Quay.   
 
Up estuary of the Chain Ferry, there is more accretion than erosion, particularly on the western 
side of the channel, opposite Kingston Quay.  Accretion has occurred in both the shallow 
subtidal and lower intertidal areas.  There are sporadic patches of erosion within the main 
channel, particularly at the boundary between the intertidal and subtidal zones.  Within the 
Newport Harbour area (Figure 2) the bathymetric difference is characterised by general erosion 
along the west side of the estuary, particularly in the shallow subtidal and lower intertidal.  
Accretion occurred within the main channel and on the intertidal to the east side of the estuary.  
In this section large areas of the upper intertidal were not surveyed, therefore, no comment can 
be made for the middle and upper intertidal areas. 
 
Table 1, shows the change in volume for the subtidal and intertidal areas and the average 
depth change for the different sub-areas, with the obvious dredging removed.  Over the whole 
estuary the subtidal infilled by 29,398m3.  This rate equated to circa 5600 m3 per year 
approximately split equally up and down estuary of Folly Inn.  Within the intertidal areas, which 
have been surveyed, there was a net gain of 5497 m3 (i.e. about 1047 m3 per year) since 
December 2001.  Table 1 shows that the net intertidal accretion all occurs up estuary of 
Kingston Quay, particularly in Area C (Folly Inn to Dodnor Reservoir).  This reflects the greater 
area of intertidal in this section of the estuary, therefore the volume change alone does not 
indicate the rate of sedimentation.  The most significant erosion (about 6400m3) of the intertidal 
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occurs in the Breakwater section, much due to the erosion of the Shrape Mud.  In addition, it 
should be noted that some of the locations of the deepest intertidal erosion are adjacent to 
obvious areas of dredging and in commercial use areas.  It is, therefore, quite possible some of 
this erosion has also resulted from dredging or other anthropogenic disturbance.  It has also 
been noted that other dredging, not identified on the chart, would also have occurred in the 
subtidal area.  This could be reflected in the volume of net erosion in the Breakwater section. 
 
Overall, the data indicates that since December 2001, the estuary has been net accretionary, 
particularly in the subtidal area. Sporadic patches of erosion occurred in the main navigation 
use area of the estuary.  Again, the data will have been affected by dredging as well as 
vessel/propeller disturbance.  This erosion represents an average depth change of 2.7 cm over 
5.25 years, i.e. circa 5 mm per year.  Considering errors and accuracy, this magnitude of 
change represents relative stability. 
 
Outside the Breakwater, where there is less anthropogenic interference, the subtidal area has 
generally accreted, but again with rates of no greater than 6mm per year.  Upstream of the 
Chain Ferry, the subtidal accretion rate equates to between 4-9 mm per year, generally 
reducing in rate in an up estuary direction.  At the same time, the lower intertidal areas are 
shown to have accreted at a rate of 6-7 mm per year.   
 
In Area A, between the Chain Ferry and Kingston Quay, marginal erosion of the intertidal 
occurs, particularly in the northern part of the section. Figure 1 would tend to indicate 
predominance towards accretion, particularly the southern section opposite Kingston Quay.  In 
the volumetric analysis a relatively large dredge area was removed from the analysis but this 
may not have covered all areas dredged.  The subtidal area shows general accretion at a rate 
of circa 9mm per year. 
 
In Area B, Kingston Quay to Folly Inn, accretion continues on the west bank near the edge of 
the intertidal.  Patches of erosion within the subtidal are also evident mainly on the eastern side 
of the channel.  In volume terms, net accretion has occurred over both the intertidal and 
subtidal areas at broadly similar rates, circa 7 and 9mm per year respectively. 
 
Area C, Folly Inn to Dodnor Reservoir has undergone, for the most part, accretion throughout 
both the intertidal and subtidal zones.  The intertidal area on the eastern bank is mainly 
accretional, whereas in contrast, the western bank, particularly within the intertidal zone has 
erosional tendencies as well as areas of no change.  A patch of significant erosion has 
occurred opposite Folly Inn at the north end of Werrar Marsh.  Erosion has also occurred in a 
small subtidal area adjacent to the lock of Island Harbour marina.  Average rates of net 
accretion over the intertidal have been slightly higher at 8mm per year than Area B.  The 
subtidal accretion rates at about 16mm per year are about double those of Area B 
 
Area D, Dodnor Reservoir to Newport, illustrates a similar pattern of trends to Area C.  In the 
subtidal, accretion has occurred at the same rate as in Area C.  However, the accretion rate in 
the intertidal was lower at about 2mm per year. 
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Comparison with Historical Study Conclusions 
 
In the Historic Understanding report (2006), it was concluded ithat, since the 1980s, the 
estuary had a net accretional trend, particularly over the intertidal.  Rates of change are small 
being measured in millimetres per yearj.  The preceding chart analysis, which uses data sets 
from 2001 and 2007, not used in the original analysis, generally supports the conclusion of the 
2006 report.   
 
The Historic Understanding report demonstrates that the overall estuary between the entrance 
and Folly Works, and Dodnor Reservoir to Newport has undergone a net accretional trend 
since the 1980s.  Prior to this, the area was predominantly erosional.  Area C, Folly Works to 
Dodnor Reservoir, however was net erosional 1980s-2006, but analysis of changes suggested 
the section may turn accretional in the near future.  The current data illustrates an accretional 
trend throughout the estuary with the exception of the Breakwater section.  The report indicates 
an accretion of 17mm per year in the intertidal area between the Chain Ferry and Kingston 
Quay.  In contrast, Table 1 illustrates a loss of 6mm per year in the whole of Area A, Chain 
Ferry to Kingston Quay.  However, as noted earlier, the current study does indicate accretion, 
particularly at the southern end and the data could also be influenced by dredging.  Between 
Kingston Quay and Folly Works the historic study indicated intertidal accretion of about 6mm 
per year whereas this analysis indicates 7mm per year. Between Folly Works and the Dodnor 
Reservoir, the report illustrates that there had been significant subtidal erosion along with 
intertidal erosion of about 4 mm per year between the 1980s and 2006.  Table 1, Figures 1 and 
2 demonstrate that in Area C (the corresponding area), there has been a general accretional 
trend between 2001 and 2007, with an average rate of 8mm per year in the intertidal zone and 
16mm per year in the subtidal area.  
 
The 2006 report also indicated that from the 1980s to 2006 the tidal prism reduced in the Inner 
Estuary as a whole (Areas C and D) which equates to a general infill over the intertidal of about 
10mm per year, which conforms more closely with the currently analysis. 
 
In the subtidal, the present analysis clearly shows an accretionary trend which was not evident 
in the previous historical analysis.  That analysis did, however, show that rates of overall 
estuary erosion have slowed, leading to the conclusion quoted above.  The differences that 
occur in the detailed analysis could possibly be accounted for by the length of time over which 
the two analyses were undertaken.  In the early 1980s erosion could have occurred which 
changed to accretion in the later years but the period of time was insufficient to EoutweighF the 
net erosion effect from the earlier part of the period. 
 
Another feature of the analysis is the tendency for erosion on one side of the estuary and 
accretion on the other, particularly in the Inner Estuary.  This same feature was noted from the 
historical analysis, which also showed the pattern swapped from side to side during different 
periods.  This tends to indicate much of the change is due to continued redistribution of 
material as much as the import or loss of sediments from the estuary. 
 



 

 

Marine Impact Assessment Tools - Medina Estuary Scheme Testing 

 

R/3609 C.5 R.1322 
 

The new data suggest that since 2001 subtidal accretion has occurred at similar rates (or 
faster) to the intertidal.  The rates of change, however, are small compared to those of earlier 
years, which are difficult to observe over a short period of time.  The data indicate that the 
estuary is at present in a relatively stable form.  
    
Reference 
 
ABPmer (2006).  Marine Impact Assessment Tools, Medina Estuary, Historic Understanding.  
ABP Marine Environmental Research Ltd Report No R1306 to Isle 
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Appendix D 
Current speed and direction 
differences in Cowes Harbour 
Hourly intervals throughout the tide  
- Breakwater Layout - Scenario 1 

 



 
Current speed within Cowes Harbour for A. Baseline,  

B. Scenario 1 and C. Difference between Scenario 1 and 
Baseline for LW-6 hours. 

Figure D1 

 



 
Current speed within Cowes Harbour for A. Baseline,  

B. Scenario 1 and C. Difference between Scenario 1 and 
Baseline for LW-5 hours. 

Figure D2 

 



 
Current speed within Cowes Harbour for A. Baseline,  

B. Scenario 1 and C. Difference between Scenario 1 and 
Baseline for LW-4 hours. 

Figure D3 

 



 
Current speed within Cowes Harbour for A. Baseline,  

B. Scenario 1 and C. Difference between Scenario 1 and 
Baseline for LW-3 hours. 

Figure D4 

 



 

 
Current speed within Cowes Harbour for A. Baseline,  

B. Scenario 1 and C. Difference between Scenario 1 and 
Baseline for LW-2 hours. 

Figure D5 



 

 
Current speed within Cowes Harbour for A. Baseline,  

B. Scenario 1 and C. Difference between Scenario 1 and 
Baseline for LW-1 hours. 

Figure D6 



 

 
Current speed within Cowes Harbour for A. Baseline,  

B. Scenario 1 and C. Difference between Scenario 1 and 
Baseline for LW hours. 

Figure D7 



 

 
Current speed within Cowes Harbour for A. Baseline,  

B. Scenario 1 and C. Difference between Scenario 1 and 
Baseline for LW+1hours. 

Figure D8 



 

 
Current speed within Cowes Harbour for A. Baseline,  

B. Scenario 1 and C. Difference between Scenario 1 and 
Baseline for LW+2 hours. 

Figure D9 



 

 
Current speed within Cowes Harbour for A. Baseline,  

B. Scenario 1 and C. Difference between Scenario 1 and 
Baseline for LW+3 hours. 

Figure D10 



 

 
Current speed within Cowes Harbour for A. Baseline,  

B. Scenario 1 and C. Difference between Scenario 1 and 
Baseline for LW+4 hours. 

Figure D11 



 

 
Current speed within Cowes Harbour for A. Baseline,  

B. Scenario 1 and C. Difference between Scenario 1 and 
Baseline for LW+5 hours. 

Figure D12 



 

 
Current speed within Cowes Harbour for A. Baseline,  

B. Scenario 1 and C. Difference between Scenario 1 and 
Baseline for LW+6 hours. 

Figure D13 



 

 

 

Appendix E 
Current speed and direction 
differences in Cowes Harbour.  
Hourly intervals throughout the tide 
- Breakwater Layout - Scenario 2. 

 

 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW-6 hours. 
Figure E1 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW-5 hours. 
Figure E2 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW-4 hours. 
Figure E3 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW-3 hours. 
Figure E4 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW-2 hours. 
Figure E5 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW-1 hours. 
Figure E6 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW hours. 
Figure E7 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW+1hours. 
Figure E8 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW+2 hours. 
Figure E9 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW+3 hours. 
Figure E10 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW+4 hours. 
Figure E11 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW+5 hours. 
Figure E12 



 
Current speed within Cowes Harbour for A. Baseline, 
B. Scenario 2 and C. Difference between Scenario 2 

and Baseline for LW+6 hours. 
Figure E13 
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