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Summary 
 
Since the 1980s discussions have taken place into constructing an outer breakwater at the 
entrance to Cowes.  The current proposal is for a breakwater in conjunction with a new marina 
facility inside the existing Shrape Breakwater. 
 
Existing numerical models developed as tools for evaluating the marine impacts of 
developments on the Medina Estuary have been used along with conceptual understanding of 
the estuary, firstly to optimise the general layout and position of the breakwater to provide 
maximum practical benefit to Cowes Harbour users, at the same time determining the extent of 
any environmental change estuary-wide. 
 
This report documents the optimisation process undertaken and then evaluates the effects of 
the final layout with respect to: 
 
!" Wave disturbance effects, predominately in Cowes Harbour; 

 
!" The effect on tidal propagation with respect to water level, flow speed and direction 

changes; 
 
!" The effects on the sedimentary patterns and processes throughout the estuary; and 
 
!" The direct and indirect geomorphological effects. 
 
The results are discussed with respect to the changes that are likely to occur relative to the 
existing conditions within the estuary and their effects with respect to existing users and 
infrastructure along with nature conservation issues. 
 
The results of the modelling show that a new breakwater and marina development will cause a 
change to erosion and sedimentation patterns within Cowes Harbour, as well as flow speeds 
and directions.  These changes are not considered detrimental to navigation through the 
harbour.  The breakwater will assist in providing a near ‘excellent’ wave climate for marinas 
under storm wave conditions over much of the harbour.  The new marina will require 
maintenance dredging, but there will be benefits in a number of existing facilities.  Overall, the 
maintenance dredging commitment for the Harbour will be increased by about 25% (3,400m3 
per year). 
 
The modelling results indicate that the only effect on the dynamics of the estuary, which 
propagate up estuary of the vicinity of the Chain Ferry, is a small reduction in both high and low 
water levels.  This gives rise to a slight lowering of the estuary tidal prism (volume of water 
flowing in and out on each tide) and an increase in intertidal area in the middle and upper 
estuary.  In Cowes Harbour the tidal prism will be increased with a loss of intertidal area 
resulting directly from the dredging for the marina. 
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Consideration is also given to the future effects of sea level rise and possible future 
developments in-combination.  This analysis indicates the effects of the development proposal 
are very small when compared to the effect of sea level rise alone, and with further 
developments, particularly those affecting the morphology of the estuary, up-estuary and 
especially those in the vicinity of the Chain Ferry. 
 
From a nature conservation perspective, the net gain in intertidal area due to the indirect effect 
on the tidal propagation offsets the direct removal from the dredging works.  The new intertidal 
area, albeit a narrow strip, will contribute to the Special Protection Area (SPA) designated 
areas.  The area removed is not designated SPA but has Biodiversity Action Plan (BAP) status.  
Whilst no change is predicted to the sediment and erosion patterns up estuary of the Chain 
Ferry, the reduced tidal prism will result in a very small reduction in sediment supply. 
 
Overall, the breakwater and secondary channel will provide considerable commercial and 
social benefit to Cowes Harbour, with only small effects on the morphologically controlled 
nature conservation interests.  The breakwater and dredging will, however, have direct effects 
on the local habitats. 
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1. Introduction 
 
Since the early 1980s discussions have taken place at intervals about the possible 
construction of an outer breakwater at the entrance to Cowes Harbour.  In recent years 
studies have been undertaken to identify a range of future development opportunities 
on the Medina Estuary as a whole.  The most significant proposal is for the possible 
construction of the breakwater along with development of a new marina facility inside 
the existing Shrape Breakwater. 
 
The proposal is considered feasible but whether it is viable will depend on the cost 
benefit with respect to degree of protection the breakwater provides not only to the new 
marina but existing facilities and uses of the harbour, both commercial and 
recreational.  Also, the potential effects of the development with respect to 
environmental considerations must be taken account of in the viability equation. 
 
The current modelling runs use the marine impact tools and the conceptual 
understanding of the historic development of the Medina Estuary produced for the 
South East England Development Agency (SEEDA) and the Isle of Wight Council 
(IWC).  These peer reviewed tools were developed with the intention that they could be 
used to help assess the estuary-wide impacts on the hydrodynamic and sediment 
regime of proposed developments throughout the estuary, both alone and in-
combination. 
 
As part of these previous studies, i.e. developing the tools, the estuary-wide effects of 
a so-called generic Maximum Development Scenario (MDS) was evaluated.  As part of 
this MDS, a general arrangement for a new outer breakwater and marina was included.  
The changes identified through the estuary were shown to be relatively small (ABPmer, 
2007), both under existing conditions and under a future Sea Level Rise (SLR) 
scenario indicating further developments were feasible within the Medina without 
significantly affecting the estuary system.  Based on these general findings, South East 
England Development Agency (SEEDA) and Cowes Harbour Commissioners (CHC) 
commissioned ABPmer to undertake a model test programme in order to optimise the 
design/layout of a new breakwater and marina using knowledge gained from the 
aforementioned studies. 
 
The following suite of reports, together provide a good baseline against which the 
effects of developments can be assessed and optimised: 
 
!" Medina Estuary:  Review of Intertidal and Subtidal Benthic Communities 

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

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

(ABPmer, R.1295, 2007); 
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!" Marine Impact Assessment Tools - Medina Estuary Scheme Testing (ABPmer, 
R.1322, 2007b); 

!" Titan Environmental Surveys Ltd (2005) - East Cowes Physical and Ecological 
Surveys. Report to Mouchel Parkman Ltd. On behalf of the Isle of Wight 
Council (Report CSO125/F1/V1). 

 
 

2. Optimisation Criteria 
 
Under the existing wave climate, disturbance within Cowes Harbour is in general 
considerably higher than the guidelines for marina facilities, even in protected areas 
such as the Cowes Yacht Haven.  This is especially the case with waves from the 
northwest sector, which penetrate along the main navigation channel through to at 
least Shepard’s Wharf. 
 
The purpose of the breakwater is therefore to reduce the wave disturbance 
characteristics throughout Cowes Harbour and, particularly, the new marina, to help 
provide yacht/power boat mooring facilities to, if possible, an international standard, 
see Appendix A for the guidelines aimed for.  In deciding on the configuration of the 
breakwater, the following additional criteria require to be taken into account: 
 
!" The need not to significantly enhance the flow speeds within the navigation 

channel, particularly on the peak ebb flows; 
!" Minimising the effect on the tidal flow characteristics off the entrance to the 

Medina Estuary and the propagation of the tide through the harbour and into 
the Medina as a whole; 

!" The need to retain a narrow shallow channel alongside the main deep 
navigation channel to allow the potential for segregation between the 
commercial and recreational vessels; and 

!" Provision of a secondary shallower navigation channel to the east side of the 
harbour for yachts and motorboats. 

 
 

3. Optimisation Methodology 
 
The prime reason for the breakwater is to reduce wave disturbance for the existing and 
future facilities within Cowes Harbour.  The optimisation of layout process, therefore, 
initially concentrated on providing the optimum wave protection from incident wave 
directions between North West (NW) and North East (NE), mindful of the need to 
maintain the existing fairway and not significantly adversely impacting on the flow 
regime. 
 



 

 

Modelling of an Additional Breakwater and  
Shrape Marina - Cowes Harbour 

 

R/3734 3 R.1411 
 

The general protection from a breakwater from the largest northerly waves had been 
established from the tests undertaken for the previous MDS scenario (ABPmer, 
2007b), the emphasis of the additional tests was to: 
 
1. Establish the optimum general location of the breakwater in the entrance; 
2. Determine the optimum western limit of the breakwater for waves from the 

NW, which generally cause the greatest disturbance in the harbour; 
3. Determine the eastern limit of the breakwater for optimum harbour protection, 

predominantly for waves from the NE; and 
4. From the combined results of 1 to 3 refine the design with respect to shape 

and orientation, taking into account cost and constructability.  
 
At the end of Stage 3 the local flow vectors, particularly around the structure, were 
considered for the likely impact on navigation through the two entrance channels.  A 
major consideration was not to markedly increase peak flows within the fairway.  
Following Stage 4, the resulting location and alignment was investigated for the 
hydrodynamic and sediment regime effects on the estuary as a whole.  These effects 
provide the information required as the basis of the Environmental Impact Assessment 
(EIA), particularly with respect to nature conservation issues. 
 
At each stage, discussions took place with SEEDA and CHC to determine the 
individual modifications to be tested.  This allowed conceptual assessment of the 
previous modelling results to determine the best options for determining the optimum 
layout of the breakwater, undertaken by ABPmer. 
 
 

4. Rationale for Derivation of Optimum Breakwater Layout 
 

4.1 North-South Positioning of Breakwater 
 
A breakwater at the entrance to Cowes had been considered in the early 1980s and a 
location suggested by Webber (1981).  In 2006 Marina Projects Ltd proposed a 
number of layouts, which were aimed at providing maximum possible protection for a 
marina located inside the Shrape Breakwater. During 2006, the modelling tool was 
developed to evaluate effects of developments on the natural ‘working’ of the estuary 
and, as part of the generic feasibility studies undertaken, two layouts at an inshore and 
offshore location were investigated with respect to their ability to protect the harbour 
from waves whilst minimising the effects on tidal propagation.  These locations were 
selected based on the flow vectors in the entrance to the estuary at peak flood and ebb 
flows, derived from the modelling.  These layouts were investigated for their effect on 
northerly waves (the most severe incident wave height) entering the harbour and the 
propagation of tide through the estuary.  The full results of this analysis are presented 
and discussed in detail in Section 6 of ABPmer report R1322 (ABPmer 2007b).  The 
main wave disturbance plots are repeated in Appendix B.  In general, both layouts 
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provided wave protection for the majority of the harbour except for around the Marine 
Parade.  The outer breakwater location, however, gave greater protection over a wider 
area, including the site of the new marina.  Both breakwater layouts caused a 
constriction in the main channel and diverted flows towards it.  With the outer position, 
however, maximum flows which currently occur, were not increased but flows at the 
lower states of tide were, creating longer periods of these higher flows without 
increasing the absolute maximum.  No flow effects occurred within the line of the 
Shrape Breakwater.  For the location further inshore, maximum flow speeds were 
increased much further into the harbour. 
 
On this basis, it was concluded that a breakwater in the more outer position provided 
the better option to meet the wave disturbance reduction criteria, area of effect and had 
least impact on the local hydrodynamic flows, as well as maximising the area of 
protected harbour. 
 
For the present optimisation study, a preliminary breakwater design and marina layout 
with costs was developed for SEEDA/CHC by Mayhew Callum (Mayhew Callum 
drawing number 50405-GAI).  However, before model testing, a conceptual analysis of 
the design was undertaken in two ways: 
 
1. Assessing the preliminary location and length against the existing flow 

conditions constructed from the model flow vectors at hourly intervals 
throughout the tide.  The layout was considered to be close to the optimum 
location for minimal flow effects both in Cowes Roads and through the fairway 
entrance, therefore, would be close to the minimum impact on the flow regime 
and tidal propagation within the estuary.  The location and design was 
therefore adopted as the initial layout for optimising wave disturbance within 
Cowes Harbour. 

 
2. The dredge requirement for the marina was also considered.  It was concluded 

that the preliminary scheme showed areas of dredging, which were 
unnecessary and would not benefit the overall scheme.  A modification to the 
design of the dredge was then made, before incorporating into the modelling.  
The resulting initial layout for optimisation purposes is shown in Figure 1. 

 

4.2 Rationale for Western Limit of Breakwater 
 
Previous modelling (see Appendix B) had been undertaken using the maximum 
incident wave height criteria, which comes from a northerly direction.  Any offshore 
breakwater would reduce waves from this direction to a large degree.  No breakwater 
location, however, can prevent waves passing through the western entrance along the 
main navigation channel.  Also, experience indicated that wave conditions within the 
harbour tended to be worse with waves from the NW, although the incident wave is 
marginally lower than from the north.  For this reason the degree of wave protection 
offered by the initial layout, denoted as Layout 1, was investigated for the NW incident 
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wave.  The results of these tests, which were undertaken at HW tidal conditions with a 
significant wave height (Hs) of the order of 1 in 50 year return period from the NW, are 
shown in Figures 2 to 4.  The plots show the difference in pattern of significant wave 
heights throughout Cowes Harbour, wave disturbance coefficients and transects of the 
significant wave heights for different harbour locations before and after the breakwater 
and marina development.  On the transect plots, Figure 4, the guideline standard (see 
Appendix A) is shown for reference purposes.  The results of these tests indicated that 
additional protection, particularly to the new marina and the east side of the harbour 
would result from an extension of the western limit of the breakwater. 
 
Based on the modelled local flow vectors from previous layouts, the streamline 
analysis, the zone of higher wave activity within the harbour resulting from the initial 
layout and the local bathymetry, a curved extension (into the harbour) to the 
breakwater was tested.  The length of the extension was minimised to that expected to 
give protection to the new marina, rather than the harbour as a whole.  In this decision 
consideration was made of the fact that narrowing the main entrance tends to increase 
the tidal flows, also that an extension into deeper water would increase costs but also 
gives rise to the potential for a greater area of bed scour at the end of the breakwater.  
This is why a curved rather than a straight extension was proposed.  This layout is 
denoted as Layout 2 (see Figure 5) and equivalent results to those presented for the 
initial layout are shown in Figures 6 to 8 for north westerly waves.  Comparison of the 
results for the two layouts clearly show an improvement in wave conditions created by 
the extension, particularly incident on the outer marina pontoon where there was a 
further reduction in wave energy of about 20% and wave heights within much of the 
marina were at, or below the guideline standards. 
 
The additional extension will constrict the west entrance further but, since it is still in 
the shallowest water, will also have considerably less effect than if the breakwater was 
extended down the side slope of the main channel.  The current position also still 
allows shallow draughted vessels to pass the breakwater alongside the main 
navigation channel.  Any further lengthening would severely restrict this possibility. 
 
Based on these results, and following discussion with the client, it was decided to 
determine the degree of protection the breakwater offered to the harbour as a whole 
from a similar wave approaching from the NE. 
 

4.3 Rationale for Eastern Limit of the Breakwater 
 
Before testing the east end of the breakwater from NE waves, a theoretical 
assessment of the optimum location was undertaken using the information gained from 
all previous model tests on the different locations for waves from other directions taking 
account of the type of effects that resulted. 
 
Whilst investigating the effects of the change in limit of the west end of the breakwater, 
no change was made to the east end, or the shape of the secondary navigation 
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channel.  The wave tests from the NW and earlier results from the N (with a different 
breakwater location) both suggest that some shortening of the breakwater at the east 
end could be optimal, since the Layout 1 position provides protection to the outside of 
the existing Shrape Breakwater as opposed to just the harbour.  Also, the length 
requires a significant bend to be designed in the secondary channel, see Figure 1. The 
most significant effect of the breakwater on the flow regime occurs in the 2 - 2.5 hours 
before low water when it blocks the path of flow from the estuary.  The Layout 1 
location eastern limit creates a greater blockage to this flow than a shorter limit would.  
Therefore it is possible that more flow could be diverted to the western end, thus 
adding to the increased flow in the main channel.  This effect was, however, 
considered to be small.  A shortening of the breakwater would allow for a straighter 
and shorter secondary navigation channel, therefore reducing the capital dredge and 
possible future maintenance of the secondary channel, as well as reducing breakwater 
construction costs. 
 
Little overall change in effect on the flow regime was expected unless the length is 
reduced to provide no overlap with the Shrape Breakwater.  It is considered that this 
was not an option, as it would allow direct penetration of the N wave through a 
constricted gap at the end of the Shrape Breakwater, causing direct incidence of the 
wave on the new marina. 
 
To assist the process of optimising the length at the east end, the wave model was run 
with the existing bathymetry and harbour layout for NE incident waves.  The wave 
height distribution resulting was assessed to determine the approximate wave rays.  
This pattern was then used to reduce the potential number of modelling scenarios.  
The wave ray pattern for NE waves and particularly the way they refract as they move 
into the existing harbour has been assessed, along with the consideration discussed 
above, to suggest the four possible extents and orientations of the eastern breakwater 
limit.  These options are shown in Figure 9. 
 
Initially options A-C were offered to the client, where the decision depended on the 
amount of additional protection that would be acceptable around the Town Quay and 
Cowes Yacht Haven area.  Following a discussion of the various merits, the 
compromise option (Option C) was selected for initial testing of the east end limit.  This 
option did not change the breakwater length, and therefore approximate cost, but did 
not give quite as much protection as Options A and B.  However, it was likely to 
produce less flow constriction than Option B, which was also longer.  This test 
configuration was denoted Layout 3.  Although not shown in the diagram, a 
modification of the orientation of the outer end of the secondary channel was made to 
accommodate the change in orientation, keeping the channel width, depth and the 
distance from the distal end of the breakwater the same. 
 
The results of the wave modelling are shown in Figures 10 to 12 allowing direct 
comparison with the previous results.  As can be seen, in general, considerable benefit 
in terms of wave protection result from NE waves, particularly between Cowes Yacht 
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Haven and the Marine Parade Landing.  Some wave penetration did occur around the 
immediate end of the Shrape Breakwater but was still considerably less than presently 
exists.  The new marina had wave conditions well below the marina guidelines. 
 
Following further discussion, the results were seen to be sufficiently encouraging to 
test a further layout representing what is believed to be the minimum extent to give 
maximum protection from a northerly wave.  This is shown as Option D on Figure 9.  
Included is a re-orientation to the south to maximise the protection at this extent from 
the NE waves.  This Option is denoted as Layout 4.  Again a small change was made 
to the channel orientation but essentially keeping the channel as closely aligned as 
possible with the most significant flows, although a slightly shorter channel could have 
been designed. 
 
Figures 13 to 15 give the results of this test.  As expected, greater wave penetration is 
evident than for Layout 3, however all areas of the harbour still derive benefit, some 
areas over 60% and the new marina remains below the guidelines.  From a wave 
perspective, the layout was considered to be near optimal at both the east and west 
ends.    
 
Due to the considerations above, the very minimum length of breakwater would be in 
line with the end of the Shrape Breakwater in a N direction.  These considerations, 
however, do not take account of the waves that approach from the NE.   These waves 
approach at an acute angle to the shelving bank up to the shallow water over the 
Shrape Mud.  As the waves ‘feel the bottom’, they refract with a tendency to align 
perpendicular to the bed contours.  This means the existing harbour waves from the 
NE penetrate the harbour, relatively unaffected and impinge on the west side from 
about Cowes Yacht Haven outwards, with the Shrape Breakwater protecting areas 
further up estuary.  With the eastern limit of the initial breakwater location, wave 
protection is provided to the harbour except for a small extent around the Town Quay 
and Cowes Yacht Haven Screen and outside of the inshore end of the Marine Parade 
Landing.  From a theoretical view, it would appear that, to provide complete protection 
to the western shore around Town Quay, the breakwater would require to be 
lengthened with the shape of the east end moved further to the south, rather than 
being shortened.   
 
This, however, would increase the cost of the breakwater; therefore, a detailed 
consideration of the cost benefit would be integral to determining the optimum location.  
The most viable location of the eastern limit of the breakwater, therefore, required to be 
a compromise, since, for optimal flow conditions, a shortening is required but for NE 
waves a lengthening/reorientation is indicated.  From the above evaluation, it was clear 
that the way in which existing waves from the NE refract, diffract and attenuate as they 
approach the Shrape Breakwater would be a key element in defining the optimum 
viable length. 
 



 

 

Modelling of an Additional Breakwater and  
Shrape Marina - Cowes Harbour 

 

R/3734 8 R.1411 
 

4.4 Hydrodynamic Consideration 
 
One of the criteria for acceptability of the breakwater and its specific layout was to 
ensure that flow rates were not unacceptably increased from a navigation perspective 
within the main fairway through Cowes Harbour.  For this assessment, Layout 4 was 
inserted into the hydrodynamic model for a spring tide model run.  Figures 16 and 17 
show the times of maximum flows, which occur in the entrance to Cowes Harbour, and 
are also associated with the times when the breakwater and marina have the greatest 
effect on the flow patterns.  These occur at approximately mid-ebb (maximum Harbour 
tide) and over the HW stand (maximum Solent tide).  The HW stand also shows the 
greatest areas of reduction in flows in the lee of the breakwater.  The vector plots 
clearly show accelerated depth average flows in the entrances with the peak ebb flows 
primarily caused by a change in location of the maximum flows from approximately 
through the middle of the Harbour to further west between the west end of the 
breakwater and RYS Haven.  Figure 16 also shows the area of harbour over which the 
highest velocities occur is reduced at this state of the tide.  Figures 18 and 19 provide 
a comparison of the flow speeds throughout the tide for the existing situation and the 
Layout 4 breakwater for a number of locations close to the areas of maximum change 
and actual flow speeds within the fairway and new east entrance channel. 
 
These show that, overall, there is little change to speed of flood flows, with the most 
significant changes occurring just below half ebb tide levels.  Absolute peak flows are 
generally only increased in the order of 0.1m/s to a peak of less than 0.6m/s in the 
fairway.  Higher flow speeds will occur on the lower ebb through the main fairway than 
at present but these do not significantly change the peak flows, experienced at other 
states of the tide.  In Cowes Roads, the main Solent flows, just off the Medina 
Entrance, are unaffected by the development and maximum existing speeds already 
are greater than the maximum estuary flows. 
 
Through the new east entrance channel accelerated flows (up to 0.48m/s) occur 
outside the line of the breakwater at the time of maximum rate of fall of the tide.  At this 
location this represents about a 20% increase over the peak flows (mid HW period) 
presently experienced at this location. 
 
Overall, the vector plots show at the two states of tide presented, flow changes are 
confined close to the breakwater with no significant change to the offshore flows.  
Flows are significantly reduced in the inside ‘crescent’ of the breakwater, which is likely 
to induce local sedimentation.  Although flows are also decreased outside, they remain 
strong and will probably remove any sediment that may accumulate at other states of 
tide. 
 
Consideration of the flow patterns adjacent to the ends of the breakwater suggest that 
a change in the shape at the ends will only affect the direction of the local flows and 
will not cause any more widespread effects.  This indicates that minor changes to the 
end configuration will not significantly change the hydrodynamic effects of the 
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breakwater as a whole.  It is possible, therefore, that small changes over those 
modelled could be considered, if there is likely to be benefit in other areas, such as 
cost, sedimentation patterns, without causing a significant change to the effectiveness 
of the breakwater. 
 
One feature that is noticeable is the increased flow over the HW period over the outer 
Shrape Mud and the increased potential for scour adjacent to the HW mark.  This is an 
area where little flow previously occurred and is already more affected by the effects of 
wave activity.  The amount of additional scour will depend on the density of the sand 
mud mixture in the area.  This, however, is only an indication of the effect at one state 
of the tide and the overall effect on the outer Shrape Mud will depend on the net effect 
of the change at other states of the tide and different tidal ranges. 
 
Following consultation carried out by the Cowes Harbour Master with experienced 
mariners at Cowes, the changes, particularly the small increases in flow and the 
maximum speeds, were considered to be acceptable with respect to effects on vessels 
of all types navigating to and from the Harbour. 
 

4.5 Cost Construction Considerations 
 
At this stage, the breakwater, marina and new entrance channel layout were 
considered to be near optimum from a wave and hydrodynamic perspective.  However, 
prior to undertaking the modelling to determine the estuary wide and sedimentary 
effects required for the nature conservation considerations, the Layout 4 design was 
re-considered with respect to its constructability.  Following consultation and a review 
of likely effects of small changes to the Layout 4 configuration, a new straight 
breakwater ‘averaging’ the location of the curved breakwater with similar extents to 
those developed in the optimisation process, was put forward by the client and their 
engineers.  This is denoted as Layout 5 and is shown in Figure 20.  After discussion, 
the eastern channel was made straighter, in a more northerly direction, primarily on the 
grounds that it reduced the amount of capital dredging required due to the shorter 
length.  A review of all the previous modelling suggested the amount of wave 
protection and the hydrodynamics would not be significantly affected by the changes, 
however, for completeness, the new alignment Layout 5 and associated east channel, 
which was considered to be the optimum, was modelled.   
 

4.6 Sedimentary and Estuary Wide Effects 
 
The new straight breakwater Layout shown in Figure 20 denoted Layout 5 for 
modelling purposes was inserted into the hydrodynamic model to determine the 
hydrodynamic and sedimentary effects of the proposed scheme both in Cowes 
Harbour and for the estuary as a whole. 
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The effect on waves from all three directions was modelled along with the variations of 
flow speed, water levels and sediment patterns throughout the estuary.  These are 
described in the following section. 
 
 

5. Optimum Layout (Layout 5) 
 
The previous sections have described the process by which the optimum configuration 
of the breakwater, new secondary channel and marina has been derived.  This section 
provides the full analysis of the modelling for this optimum layout, which is shown in 
Figure 20. 
 

5.1 Waves 
 
The effects of the developments on the 1:50 return period waves is presented in the 
same form as for the optimisation process in Figures 21 to 23 for north-westerly waves, 
Figures 24 to 26 for northerly waves and Figures 27 to 29 for waves from the north-
easterly sector. 
 

5.1.1 North-westerly Waves 
 
The individual plots clearly show that the breakwater provides protection for the east 
side of Cowes Harbour and the newly proposed marina.  The decrease in significant 
wave height is, for the most part, in the range of 0.2-0.4m but up to 0.6m in the 
immediate lee of the breakwater.  The sheltering effect also extends through the area 
of the Chain Ferry. 
 
Reflections off the outside of the breakwater are negligible so there is no change to the 
wave climate approaching the harbour through Cowes Roads. 
 
As noted earlier the breakwater cannot protect the west side of the harbour through to 
Shepard’s Wharf, see Figure 21.  However, beyond this point waves are reduced to 
less than 0.15m.  Within the new marina waves of the order of 0.4m can penetrate to 
the NW corner of the marina but, for the most part, the 1:50 year return period wave is 
shown to be reduced to below 0.3m, within the guidelines for an ‘excellent’ wave 
climate.  Moreover, the cross sections (Figure 23) show that the entire harbour inside 
the Shrape Breakwater is generally reduced to below the guideline wave climate 
condition of 0.3m. 
 

5.1.2 Northerly Waves 
 
Figures 24 to 26 show the protection afforded by the Layout 5 breakwater from 
northerly waves with a 1:50 return period.  Similar to the north-westerly direction, 
waves are virtually eliminated from progressing through the Chain Ferry.  Wave 



 

 

Modelling of an Additional Breakwater and  
Shrape Marina - Cowes Harbour 

 

R/3734 11 R.1411 
 

heights are significantly reduced down the centre of the harbour by in excess of 0.6m.  
Some reduction in wave heights also occurs in the main fairway and the west side of 
the harbour. 
 
In the existing condition, waves exceeding 1m (significant) can penetrate through the 
main channel to opposite to the Cowes Yacht Haven.  These are reduced to below 
0.3m.  Significant wave heights within the new marina are almost entirely reduced to 
below 0.3m although some of this protection is due to the outer wave break pontoon as 
opposed to the breakwater.  Inside the alignment of the breakwater there is no 
enhancement of wave heights at any location.  Outside the breakwater a small amount 
of reflection is indicated, increasing heights by the order of 0.1 - 0.2m or up to 20%, 
predominantly adjacent to the breakwater.  A slight but insignificant increase in wave 
height is shown for a small area within the new eastern approach channel. 
 
The cross-sections of significant wave heights (Figure 26) clearly show the breakwater 
creates substantial benefit for most of the existing facilities.  For example, maximum 
significant wave heights within both Shepard’s Wharf and the Cowes Yacht Haven are 
reduced by in excess of 60%. 
 

5.1.3 North-easterly Waves 
 
With north-easterly waves (Figures 27 to 29) the breakwater provides little additional 
benefit to the location of the new marina, as it is already protected by the Shrape 
Breakwater.  The main benefit are on the western shore between the Marine Parade 
Landing and Cowes Yacht Haven.  Waves are reduced by between about 0.1-0.5m 
within this area, which is up to about 50% of the existing wave activity during storm 
periods.  Again, both Shepard’s Wharf and Cowes Yacht Haven significantly benefit 
from the breakwater.   Similar reflections as occurred for northerly waves are evident 
outside the breakwater.  Some wave penetration can be seen at the eastern end of the 
breakwater adjacent to the secondary channel.  The actual heights, however, are no 
greater than slightly further offshore. 
 

5.2 Water Levels 
 
The breakwater, which crosses a large proportion of the entrance, has been sited as 
far as possible to minimise the effects on the Solent flows and those passing along the 
main fairway.  The dredging will increase the total estuary volume as well as the tidal 
prism within the Cowes Harbour, which will have an effect on the local flow patterns 
and the propagation of the tide through the estuary.  Numerical modelling has been 
undertaken to establish this change along the estuary at the level of existing MHWS, 
MLWS, MHW and MLW.  The change in absolute level created by the Layout 5 
development at these levels along the estuary is shown in Figures 30 and 31.  These 
plots show the change to be small with respect to the absolute water levels and the 
tidal range and are relatively consistent throughout the estuary.  Figures 32 and 33 
show the differences in more detail. 
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All diagrams show that the effect of the development is to lower both the levels of high 
and low waters, therefore the tide will act at a slightly lower level within the Medina 
Estuary cross section.  For a mean tide the high water level is reduced by an average 
of about 0.047m and about 0.058m at low water over the length of the estuary before it 
dries.  This indicates the tidal range is marginally increased (0.4%) through a slightly 
smaller estuary section.  On the larger mean spring tides the effect of the breakwater 
and dredging is smaller, averaging about 0.018m reduction in level at both high and 
low water (hence no change in tidal range), although there is greater variability at low 
water around the mean difference, which is probably a function of the ‘wetting and 
drying’ algorithm in the model.  The effect of these changes with respect to nature 
conservation and other interest on the estuary is discussed in Section 8. 
 

5.3 Flow Speeds and Directions 
 
The changes in flow speeds and directions arising from the Layout 5 breakwater, 
secondary channel and marina dredging are important for a number of reasons: 
 
!" Firstly, with respect to success of the development, the flow patterns offshore 

should not be significantly changed and the flow speeds should not be 
substantially increased within the main navigational fairways; 

!" Second, the changes in flow speeds and directions will tend to change the 
patterns of erosion and accretion predominantly within Cowes Harbour which 
will change sedimentation patterns and/or rates, thus possibly affecting the 
maintenance dredging at existing facilities; and 

!" Thirdly, the changes to the tidal propagation will have some effect on flows 
throughout the estuary, which may, depending on the scale of change, affect 
the geomorphology of the estuary, and hence may impact on the nature 
conservation interest. 

 
To investigate the above considerations, a number of different map and time series 
data plots have been extracted from the modelling results. 
 

5.3.1 Medina Entrance Flows 
 
The times of maximum flows, which are most significant for navigation in the harbour 
and its approaches, generally occur: 
 
!" Over the high water slack period, when the flows which exceed 0.8m/s on 

spring tides in an east to west direction across the entrance to the estuary.  
These have been referred to as the peak Solent flows; and 

!" Approximately halfway down the falling tide, which is the time of maximum 
flows ‘draining’ out of the estuary.  Again peak flows can exceed 0.8m/s in the 
area of the Chain Ferry, reducing towards the estuary mouth.  These are 
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referred to as the maximum Harbour flows.  At this time, flow speeds 
immediately across the outer entrance are negligible. 

 
Figures 34 and 35 show the flow speed contours and vectors before and after the 
Layout 5 development for a mean spring tide at the times of peak Solent and peak 
Harbour flows respectively.  Also included is a plot that shows where the flow speeds 
will be increased and decreased by the development. 
 

5.3.1.1 Peak Solent flows 
 
At the time of peak Solent flows (Figure 34), the breakwater and secondary channel 
tends to divert the flow streamlines closer inshore to the east of the breakwater 
increasing the flow speeds by, in general, up to 50% in the entrance between the 
breakwaters and over the outer Shrape Mud.  The actual flow directions across the 
harbour, however, are not significantly changed. 
 
Since the new breakwater is not absolutely parallel to the existing flow, speeds are 
reduced immediately behind the breakwater creating a zone of reduced flows (up to 
0.1-0.2m/s) extending across the main fairway and immediately along the foreshore 
area towards Gurnard Point.  This change represents a 12-25% reduction in flow 
speeds at this state of tide depending on the precise location. 
 
Within the existing harbour, there is little change to flows, except a reduction in the 
already slow flows within Cowes Yacht Haven. 
 

5.3.1.2 Peak Harbour flows 
 
Figure 35 shows the mean spring flow speeds and directions at mid ebb.  Compared to 
the time of peak Solent flows, the changes are widespread over the harbour and its 
entrance.  The main effect of the Layout 5 development is to block the path of the 
northward ‘draining’ flows from the estuary.  The flows are therefore diverted towards 
either end of the breakwater enhancing the flow speeds in these areas.  Within the 
existing harbour, the flow speeds are generally reduced by up to about 0.1m/s (about 
25-50% depending on location).  A small area of enhanced flows exists where the flow 
is attracted towards the new dredged marina.  Flow speeds are reduced most, over 
0.2m/s, immediately either side of the breakwater, with very small changes being 
predicted 700m from the breakwater. 
 
The maximum changes in flow speed are increases in excess of 0.4m/s at this state of 
tide within the outer fairway channel and just outside the breakwater in the secondary 
channel.  This would be expected as the ebbing flow is constricted to an overall 
narrower cross-section.  Flow speeds are again increased up to around 59% (from 
almost slack flows) over the outer Shrape Mud and immediately in front of the sea wall 
from the Royal Yacht Squadron towards Gurnard Point. 
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Whilst the actual changes appear large, whether they affect navigation or sedimentary 
effects depends on the absolute flow speeds at the different locations.  The flows are 
significantly redistributed and the comparisons of the two vector plots on Figure 35 
show that the location of the maximum flow speeds have changed rather than a 
significant change in the absolute speed.  With respect to sedimentary effects the 
change needs to be considered alongside the actual velocity, combined with the 
sedimentary type and cohesion of the bed in determining whether the change will 
cause a change to the sedimentation or erosion patterns.  Also, these plots only give 
the situation for one instant in time. 
 
To further assess the potential for adverse effects for navigation, time series of the flow 
speed at locations representative of the areas of maximum existing flows and 
maximum change in the fairway and secondary channel are presented in Figures 36 
and 37.  The actual locations are shown on Figure 37. 
 
At the location labelled Fairway, which is in the predominant Solent flow, there is little 
change (about 0.01m/s maximum) over the upper half of tidal water levels.  The 
maximum change occurs during the fastest period of falling water levels where flow 
speeds are increased to about 0.63m/s from about 0.1m/s.  Whilst this is a large 
change, the absolute flow velocity is still only 60-70% of peak flows experienced over 
the high water period.  With reference to Figure 35, the vectors show that the directions 
at this time will change from almost flowing north to almost northwest with the Layout 5 
breakwater development.  The only other consistent change is a small reduction up to 
0.05m/s (10%) from low water up to the time of the Young Flood stand. 
 
At the Fairway Narrows location absolute flows are increased throughout the ebb tide 
with the maximum speed increasing to 0.5m/s, again about mid ebb tide.  At this 
location this is a 40% increase in flow speed over the existing peak of 0.35m/s that 
presently occurs over the high water period. 
 
A similar pattern is seen at the Fairway Inner location. Whilst these peak flow speeds 
have significantly increased, the maximum ebb flow is around 0.6m/s, which is 
considerably less than vessels would be experiencing to reach the fairway over the 
high water period.  The main difference will be that higher flows will exist in the fairway 
at lower states of the tide than under present circumstances at particular locations, i.e. 
the locations where maximum flows are experienced will change in space and time of 
the tide.  Overall, the maximum flows currently experienced by vessels in a transit to 
and from the harbour will not be increased, however higher flows at other times will be 
experienced for longer periods during the tide. 
 
Figure 37 shows the flow speeds throughout a spring tide that will be experienced in 
the new secondary channel.  Again, flow speeds through this area will be significantly 
increased throughout the falling tide.  The maximum will now, however, be significantly 
different to that already experienced at high water and will be about 0.1m/s slower than 
in the main fairway. 
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The breakwater lee location on Figure 37 clearly illustrates the blockage of the flow 
caused by the breakwater throughout the tide, which is diverted through the two 
entrance channels. 
 

5.3.2 Estuary Wide Effects 
 
For the purpose of investigating the estuary-wide effects, the flow speed vectors for the 
existing estuary, with the Layout 5 development and the differences are presented at 
hourly intervals relative to low water (LW) throughout the estuary in Appendix C.  For 
the purpose of the main report, specific diagrams have been extracted to illustrate the 
main findings of the effects of the development.  In addition, time series plots at some 
locations are presented to assist the interpretation. 
 

5.3.2.1 Existing Harbour 
 
The main characteristics of the flow changes through the entrance to the Medina are 
described in the previous section.  Within the existing harbour (inside the Shrape 
Breakwater) the breakwater and dredging have no effect on the flows for the three hour 
period over high water (HW) except in the outer section of the main fairway where flow 
speeds have increased by about 0.1m/s.  Just as water levels begin to fall, the marina 
dredging causes a small reduction in flows that spread over most of the harbour at 
peak rates of tidal lowering, as illustrated in Figure B2.  The flow speed changes are 
generally in the range of 0.05 - 0.1m/s. 
 
Towards LW the newly dredged area attracts flow, thus increasing flows at the rear of 
the marina up to 0.1m/s where previously it would have been dry.  At the beginning of 
the flood tide a large ‘triangular’ area of reduced flows bounded by the breakwater and 
the two channels forms.  At the same time, streamlines (increasing flow speeds) are 
concentrated on the head of the Shrape Breakwater.  Flows are also reduced through 
the outer part of the new marina, with slight increases in flow in the southeast corner.  
Figure 38 at LW +1hr shows this pattern of change whereby the majority of flow is 
entering the harbour via the eastern channel with a significant increase in flow running 
parallel to the shore across the lower section of the outer Shrape Mud.  This general 
pattern exists until about LW +3hrs when the Solent flow becomes slack.  At this time, 
flows throughout the harbour are marginally increased.  Also, flow entering between 
the new breakwater and the Shrape passes behind and immediately exits the estuary 
via the main fairway.  Overall, the breakwater tends to accentuate the existing flow 
patterns where most of the flow entering the Medina comes from the east around the 
end of the Shrape Breakwater forcing the main streamlines closer to the shore. 
 
These streamline changes generally increase flows from the east across the outer 
Shrape Mud and the shallower sub-tidal areas.  This is illustrated in the time series of 
current speed and directions located on the lower intertidal of the outer Shrape Mud in 
Figure 39.  This diagram shows that flow speeds are enhanced by of the order of 
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0.1m/s (range 0-0.2m/s) throughout the tide, the maximum change occurring at the 
time of the Young Flood.  The direction plot also shows the more consistent flow 
direction occurring through the tide with the flows predominantly east to west.  The 
diagram also shows that the effect of the development both reduces and increases 
water levels at this location depending on the state of the tide. 
 
Whether these changes will increase erosion of the Shrape will depend on the exact 
level of consolidation of the sandy/silt material (alluvium) that comprises the Shrape 
Mud. It should be noted that this area is already prone to the effects of wave activity 
and therefore is likely to exhibit characteristics of a wave cut platform.  It is possible, 
therefore, that the increased flows will have limited effects on their own.  However, the 
additional disturbance from the wave activity which can still penetrate to the site and 
the higher flows will possibly mean, under such conditions, more sediment will be 
imported into the estuary. 
 
Figures 40 to 45 show the current speed and direction time series from the Cowes 
Yacht Haven, north and south sections of the new marina, the main channel between 
the marinas, the Red Funnel Ferry Terminal as well as the centre of the river at the 
Chain Ferry. These plots show that, even on spring tides, with the exception of the 
Chain Ferry Narrows, flow speeds rarely exceed 0.25m/s.  Flow speeds, however, 
rapidly accelerate up to about 0.9m/s on the flood and decelerate from about 1.3m/s on 
the ebb at the Chain Ferry.  Figure 45 shows that, at this location, the change in flows 
created by the breakwater and dredging is of the order of  ±0.01m/s throughout the 
tide, i.e. a negligible effect with no change in direction.  For the most part, however, 
water levels are marginally reduced throughout the tide, which indicates a very small 
reduction in the discharge passing through the section to and from the middle and 
upper estuary throughout the tide.  The tidal prism is, therefore, predicted to very 
marginally reduce as a result of the development.  The change, however, is so small 
that any changes up estuary are likely to be imperceptible. 
 
Within the existing infrastructure areas of Cowes Harbour, changes resulting from the 
development are an order of magnitude greater than at the Chain Ferry, thus in 
percentage terms, the changes are high, not least due to the low existing flow rates.  
The different locations indicate that, for the existing conditions, the greater proportion 
of the flood flow tends to pass through the harbour on the west side, whilst the ebb is 
more uniform across the estuary.  Following construction of the breakwater and the 
dredging, the maximum flow streamlines are not as far to the west, reducing the flood 
flow which can pass through the area of Cowes Yacht Haven, instead increasing the 
flows in the main channel by about 0.08m/s, just after the Young Flood.  This change in 
the streamlines is indicated by the circa 10o change in direction of the main channel 
flow (Figure 43) moving it closer to a north-south direction and the reduction in flow, 
particularly at the higher states of flood tide within Cowes Yacht Haven (Figure 40).  
The directional changes shown on this diagram are not meaningful due to very low flow 
speeds. 
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At the Red Funnel Ferry berths (Figure 44), again water levels are generally reduced 
up to a maximum of 0.02m, however, this has negligible effect on the flow speeds and 
directions.  The only change is a slight 0.02m/s reduction in peak flood flow speed 
occurring after the Young Flood.  Within the new marina, the deepening causes a 
general flow speed reduction at the northern end of up to 0.08m/s (of the order of 30%) 
just before LW, whilst, at the same time, flows to the south have marginally increased.  
The development also increases the flow directional changes around the time of the 
Young Flood, Figures 41 and 42. 
 
Overall, within the harbour, the flow speed and direction changes vary throughout the 
tide and will cause a redistribution of sediment around the harbour.  The flow speed 
changes alone do not give a good indication of where the main areas of sedimentation 
will be nor whether the rates will increase or decrease.  These changes will be 
integrated in the sediment modelling to determine the sedimentation rates and 
therefore the likely effect on maintenance dredging. 
 

5.3.2.2 Chain Ferry to Folly Point 
 
Similar plots to those produced for Cowes Harbour have been presented for the 
section of the estuary between the Chain Ferry and Folly Point and are presented in 
Appendix C, Figures C14 to C26.  Over the higher water stand the modelling indicates 
there will be no changes in flow speed greater than 0.025m/s and direct observation of 
the vector plots would indicate the changes to be very much smaller than the plot lower 
limit.  As the ebb tide starts to flow, there is a predicted 0.025-0.05m/s reduction in 
speed through the Chain Ferry following the development.  The only changes of any 
significance on the ebb tide occur at the drying line as the intertidal becomes exposed.  
In general, these are shown as small accelerations in flow, created by the small 
reduction in water levels noted in Section 5.2.  This is illustrated in Figure 46 and LW -
2hrs.  The scale of change is indicated as up to 0.1m/s at the waters edge, however, 
this must be considered as an over estimate and is an artefact of the model wetting 
and drying algorithm.  Whilst small changes in water level have occurred, there are no 
flow speed changes at times when a model cell is not in the process of drying, 
therefore any changes that do occur are less than 0.025m/s.  A similar pattern of 
change is seen again at the water edge, as the tide rises.  The only time when any 
change occurs within the estuary away from the drying line is at LW, south of Kingston 
Quay where a small increase in flow speed of 0.025-0.05m/s is indicated. 
 
The time series plot of water levels, flow speeds and directions for the location at the 
north end of Medina Wharf (Figure 47) is typical of all locations within this section of 
the estuary.  This again shows the small reduction in water levels seen at other 
locations, however, the effect on flow speeds and directions that do occur are small at 
all states of the tide.  These small changes in flow patterns indicate the Layout 5 
development will have no effect on the erosion and accretion processes that already 
occur in this section of the estuary. 
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5.3.2.3 Folly Point to Newport 
 
As for other sections of the estuary, the flow patterns before and after the breakwater 
and marina development are shown at hourly intervals through the tide in Appendix C, 
Figures C27 to C39.  The changes are again negligible with the only effects occurring 
as the model simulates the wetting and drying across the intertidal, which are over 
exaggerated in the model.  The only time when any of the effects shown can be 
considered ‘real’ occur at LW as illustrated in Figure 48.  This diagram shows that LW 
flows are increased by up to about 0.1 - 0.2m/s in the widest section of the estuary 
opposite Werrar Marsh.  The time series plot for the position Werrar South, Figure 49, 
indicates that this change is restricted to a short period from LW around the turn of the 
tide, with no significant change at any other tidal state.  The diagram indicates that the 
slight lowering of the LW level tends to allow the tide to change from flood to ebb 
marginally earlier.  The result modelled is, therefore, due to slight local change in the 
phasing of the tide rather than a significant change in volume of flow passing through 
the area.  It should also be noted that at this state of tide depths would be very shallow, 
therefore small changes in water level will cause greater changes in flow speeds than 
at any other state of the tide.  The likely effects of this small change will only occur for 
at most 30 minutes and be insignificant with respect to the geomorphological 
processes occurring within the estuary. 
 

5.3.3 Summary of Flow Speed and Direction Changes 
 
With the Layout 5 development design, during peak Solent flows, across the harbour 
entrance, occurring at HW and flowing east to west are increased by up to 50% 
through the new east entrance and over the outer Shrape Mud.  Flows are reduced 
downstream of the breakwater, extending towards Gurnard Point, by 0.1 - 0.2m/s (15 -
25%). 
 
In general, the effect of the breakwater is to enhance the amount of flow entering the 
Medina from the east, particularly on the flood tide, increasing flows by around 0.1m/s 
across the outer Shrape Mud. 
 
For peak Harbour flows (mid ebb), the breakwater blocks the passage of the ebb 
flow, diverting more towards the two entrances, causing an increase in flow speeds of 
up to 0.4m/s and changes to the locations of maximum speed.  Flows immediately 
either side of the breakwater are reduced and changes are evident 700m from the 
breakwater. 
 
Time series plots at locations of maximum change and maximum absolute speed that 
are relevant for assessing the impacts of the breakwater on navigation have been 
produced.  These show that, whilst increases in flow can be up to 40%, peak flows 
through the main fairway do not exceed 0.6m/s on spring tides.  These higher flows will 
occur at different locations in the fairway to the existing conditions and will occur at 
lower states of tide than at present.  Whilst peak flows are not significantly increased, 
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the general level of flow speeds through the entrance will be higher than presently exist 
and slack periods will be shorter. 
 
Peak flows through the new secondary entrance will be about 0.5m/s, which is not 
significantly different to the present flows in this area over high water. 
 
Within the harbour (inside the Shrape Breakwater) the following conclusions on the 
effects of the breakwater and dredging can be made: 
 
!" Actual flow speeds within the harbour rarely exceed 0.25m/s but increase 

rapidly to 0.9m/s on the flood and 1.3m/s on the ebb of a spring tide at the 
Chain Ferry; 

!" Flows are unaffected for 3 hrs over the HW stand; 
!" During the ebb, harbour flows are generally reduced by 0.05 - 0.1m/s; 
!" During the flood, the pattern of flow speed changes is controlled by the relative 

dominance of the flows entering at either end of the breakwater.  This creates 
changing areas of increased and decreased flows throughout the flood tide.  
Most changes within the harbour are less than ±0.2m/s; 

!" At the Chain Ferry flow speed changes are of the order of ±0.1m/s, throughout 
the tide, i.e. negligible; 

!" The breakwater causes flood maximum flow streamlines to be moved slightly 
further east, slowing flows along the western shore, including Cowes Yacht 
Haven; 

!" No flow changes of significance occur at the Red Funnel Ferry Terminal; 
!" Within the new marina a small increase in flow speed occurs at the south end 

as flow is drawn into the newly dredged area. In general, however, flow 
speeds are reduced by up to 0.08m/s (circa 30%). 

 
The negligible effect at the Chain Ferry indicates that changes to flow speeds and 
directions are likely to be small up estuary.  This is confirmed by the modelling where 
the only changes indicated occurred at LW, which is attributed to a small change in 
tidal phasing, created by the slight lowering of water levels which propagates 
throughout the estuary.  As a consequence, the processes that affect the 
geomorphology of the estuary will not be affected up estuary of the Chain Ferry. 
 

5.4 Sedimentation 
 
As determined in the model calibration, sedimentation modelling has been undertaken 
for sediment settling velocities associated with a characteristic particle size of both 130 
and 60 microns.  The larger particle gives the more representative distribution within 
Cowes Harbour and lower estuary, with the finer particle representative of up estuary.  
Figures 50 and 51 are composite plots from the two modelling scenarios.  The bed 
level changes indicated by the model to occur over a year, with the Layout 5 
breakwater and associated dredging for the marina and secondary channel are shown 
in Figure 50 and the difference in annual change from the modelled distribution under 
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existing conditions is shown in Figure 51.  The model was run over a full spring/neap 
cycle with the results scaled up to provide the annualised data. 
 
In addition, time series of the erosion and accretion at the bed has been extracted at 
11 strategic locations around the Cowes Harbour.  These indicate how the local 
sediment pattern changes with tidal range and flood and ebb flows.  The locations are 
shown in Figure 52.  The general characteristics of the changes are described in the 
following sections. 
 

5.4.1 Cowes Harbour 
 
Within Cowes Harbour sedimentation exceeding a rate of 0.08m per year occurs in the 
existing marina/haven facilities down the west side of the estuary as well as the main 
dredged part of the new marina and immediately behind the new breakwater, Figure 
50.  The main fairway is shown to be marginally erosional at a rate up to 0.02m per 
year, whilst no sedimentation or erosion is predicted for the most part between the 
breakwater and the head of the Shrape.  Slightly higher erosion tendencies are shown 
immediately around the end of the Shrape Breakwater, which extend through the outer, 
deeper berths of the new marina. 
 
Of importance is how this pattern has changed from that resulting from the existing 
flow regime, where flow speeds over much of the harbour are already relatively low, 
see previous sections.  This difference is shown in Figure 51. At first glance the 
distributions look similar, however, a redistribution of the sedimentation has occurred 
following the inclusion of the development.  On the east side, around the new marina, 
the pattern is similar, since, under existing conditions, the intertidal behind the Shrape 
Breakwater has been marginally erosional.  The dredging changes this area to one of 
accretion with rates near to the maximum for elsewhere in the harbour.  Although the 
outer berths are shown to be erosional, the difference plot indicates this tendency will 
be reduced compared to the existing conditions.  On the remaining intertidal behind the 
Shrape both erosion and accretion is shown, which suggests some small change in the 
remaining profile may take place. 
 
Figure 53 (Locations 6 and 7) shows the time series of sedimentation that is likely to be 
typical within the new marina.  Similar to other ‘sheltered’ locations, at no time does 
erosion take place and virtually all sedimentation takes place on the spring tides 
predominantly on the rising ranges.  Prior to the dredging no sedimentation occurred in 
this area. 
 
On the west side of the main fairway a significant increase in sedimentation potential 
around Town Quay occurs, of the order of 0.08m per year. This is shown to extend into 
the main fairway but there is also a reduction immediately outside the Yacht Haven 
screen.  As noted above, the main fairway remains predominantly slightly erosional, 
except at the very west side of the channel just up estuary of Town Quay.    
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Time series Locations 2, 3 and 4, shown on Figure 54, illustrate the differences in 
sedimentation patterns that occur in this area.  At Location 4, just north of the screen to 
Cowes Yacht Haven, sedimentation generally only occurs during the peak flood tide, 
with the rates increasing as the tidal range increases.  Over neap tides no accretion 
occurs.  After the breakwater development, less sediment is moved through the area 
caused by the realignment of the streamlines, thus rates of accumulation are 
substantially reduced. 
 
At Location 2 on the edge of the fairway, the pattern of sedimentation before and after 
the introduction of the breakwater are similar, except rates of accumulation are 
significantly higher (post development) on neap tides and occur on the latter part of the 
flood tide, with no change on the ebb. On spring tides, the pattern is similar except that 
ebb flows at the lower states of the tide are sufficient to re-erode all the material 
deposited on the flood.  The range in change in bed thickness caused by these 
processes is considerably larger with the Layout 5 developments compared to the 
existing conditions.  This plot again shows the general rates of accumulation in these 
dynamic areas can be significantly influenced by the time at which the model map plot 
is presented.  Location 3 shows a similar flood/ebb pattern but at this location sediment 
builds up over rising range spring tides to be re-eroded as the range falls, with no 
change occurring over the neap tides.  Along with this considerable variation in 
sediment patterns caused by the hydrodynamic processes, wave disturbance will also 
occur (either natural vessel induced), which is not accounted for by the model results. 
The Town Quay area is one of considerable disturbance due to the Red Jet Ferries.  It 
is, therefore, unlikely that the model predicted sedimentation would take place in the 
fairway, the disturbance, however, could increase the rates closer inshore. 
 
In general, the area of the Cowes Yacht Haven and Shepard’s Wharf tend to benefit 
from the effects of the development with rates of sedimentation being reduced 
particularly in the outer sections.   
 
Figure 55 shows the time series of the sediment accumulation pattern at the two 
locations in Cowes Yacht Haven.   At Location 8 sedimentation is at a slow but 
marginally higher rate during spring tides for the existing flows.  With the new 
development, the rate of accretion is almost constant, resulting in less sedimentation 
over a spring/neap cycle.  Closer to the outer part of the Haven, Location 9, there is a 
clear difference.  In the existing situation sedimentation does not occur during neap 
tides, with all accumulation on springs and then only during the HW stand.  At no time 
does erosion occur.  The pattern remains the same following the introduction of the 
breakwater but the supply of sediment to the location is reduced, resulting in a net 
reduction in sediment of about 22%. 
 
The Royal Yacht Squadron Haven will be subject to increased sedimentation.  Time 
series Location 1, Figure 56, is located at a position where rates of sedimentation are 
not at their maximum.  This diagram, however, shows a difference in the way the 
sediment accumulates before and after construction of the breakwater.  On neap tides, 
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the sedimentation process is almost continuous throughout the tide with the rate 
slowing with smaller tidal ranges.  This rate over the lowest range tides is marginally 
lower post development.  On the flood tide, however, both accretion and erosion occur.  
For the most part, accretion occurs throughout the flood tide, with only a slight increase 
for the first part of the ebb.  Around LW, rapid erosion occurs which removes a large 
proportion of the sediment accumulated over the flood.  The difference following the 
breakwater construction is that the sediment interchange is higher, particularly on the 
largest spring tides.  It should be noted with this type of pattern the amount of 
sedimentation shown on a map plot and the annual sedimentation rate will be 
dependent on the length of the modelling run over which calculations are made and the 
range and time in the tide of completion of the simulation.  The outer fairway, Marine 
Parade, the Landing and the new secondary channel are indicated as being self-
maintaining but with no additional erosional forces. 
 
Outside the harbour, the flow modelling showed increased flows over the Shrape Mud.  
The sediment modelling taking into account all tidal ranges indicates that this will not 
cause erosion from the changes in flow alone but it could increase the dispersion of 
any wave disturbed material into the harbour.  Any such effect would, during storms, 
tend to increase the rates of sedimentation, where this occurs within the harbour. 
 
In the area of the Red Funnel Ferry berths the potential for sedimentation is increased 
by the new developments, despite no changes in the local flow speeds.  Again, the 
ferry disturbance is likely to prevent the majority of this material from settling.  Time 
series Locations 5 and 10 (Figure 57) are indicative of the sedimentary effects in the 
main channel through the harbour.  At both locations, over a spring/neap cycle no bed 
accumulation is indicated with the modelling starting and ending on a neap tide.  If it 
ended on a spring flood tide then some sedimentation would be apparent and this is 
slightly larger than is the case with the existing conditions.  These plots, however, 
indicate that the channel, in the long-term, will be self-maintaining.  Location 10 also 
indicates very little change will occur to the sediment patterns on all tides in the area 
approaching the Chain Ferry. 
 
These change in rates and their potential effect on maintenance dredging 
commitments are calculated and discussed in Section 5.4.3. 
 

5.4.2 Up Estuary of the Chain Ferry 
 
The hydrodynamic changes discussed in Sections 5.2 and 5.3 were shown to be 
negligible up estuary of the Chain Ferry with the main effect being restricted to a 
general lowering of water levels but little or no change in the flows.  This is considered 
morphologically in Section 5.5.  Figure 57 shows that these small changes have little 
effect on the sediment patterns along the estuary. 
 
No effects are evident in the sub tidal channel.  Up estuary of Folly Point changes in 
sedimentation are predicted to be less than ±0.005m per year on the lower intertidal.  
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These are the same areas as noted in Section 5.3, where the effect on flows is 
exaggerated by the model wetting and drying algorithm.  It is likely, therefore, that 
actual effects will be considerably smaller. 
 
Between the Chain Ferry and Folly Point the model does tend to indicate a slight net 
increase in potential sedimentation over the intertidal areas, particularly on the east 
side of the estuary.  The trend is by no means continuous and may just be a slight 
redistribution of sediment between model cells rather than a definite change.  If such 
changes did result, it is unlikely these could be detected by measurement within the 
estuary. 
 
At East Cowes Marina, accretion requiring maintenance dredging will still occur. 
However, the actual rates may be reduced by the order of 10%.   Figure 58 shows the 
time series of sediment accumulation in the ‘recessed’ area of the marina.  This shows 
negligible change in pattern of sedimentation with nearly all occurring on spring tides.  
Also, following the proposed breakwater developments, the rates will be very 
marginally reduced, agreeing with the map plot interpretation.  There is no indication 
that sedimentation patterns will be affected within Newport Harbour. 
 

5.5 Effects on Maintenance Dredging 
 
The distribution of annual sedimentation following the Layout 5 breakwater and marina 
development is shown in Figure 51 for the whole estuary.  Not all of the areas need to 
be maintained for commercial use.  The plot also shows that the rate of sedimentation 
is not uniform over the areas of the marinas.  In order to estimate the order of 
maintenance dredging specific zones have been defined for locations where 
maintenance dredging is already required, commercial operations such as the Red 
Funnel Ferry terminal, the area of Town Quay where the potential for significant 
sedimentation is indicated, as well as the new marina.  These defined areas are shown 
in Figure 59. 
 
For each area the amount of sedimentation has been derived for each 9m model grid 
cell and summed for both the existing harbour conditions and with the breakwater and 
marina development.  The resulting percentage change in sedimentation from present 
conditions and the predicted annual volume (in situ) of sedimentation, hence the 
potential dredging commitment are show for each defined zone in Table 1. 
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Table 1.  Change to annual sedimentation volumes at specified areas in 

Cowes Harbour and predicted annual sedimentation, hence potential 
maintenance dredging requirements. 

 

Harbour Location 
Percentage Change 

With Layout 5 Breakwater 
and Marina 

Predicted Annual 
Sedimentation 

(M3 in situ) 

Royal Yacht Squadron Haven +12% 3500 

Town Quay +18% 1900 ** 

Cowes Yacht Haven -36% 2400 

New Marina Minor erosion/stable at present 2650 

Former GKN Site (Venture Quay) Minor erosion/stable at present 1750 

Shepard’s Wharf -6% 2100 

Red Funnel Ferry Terminal -13% 850** 

East Cowes Marina -6% 2100 

All Areas +25% 17250 

 
**  Total volume unlikely to occur as the model does not include the effects of vessel disturbance.  

Some redistribution to other areas could occur.  

 
Table 1 shows that with the exception of the Royal Yacht Squadron Haven, the other 
existing marinas will benefit from the development with respect to the maintenance 
dredging requirement.  Most of the additional sedimentation will occur within the rear 
sections of the new marina, extending through the former GKN site, where little 
sedimentation currently takes place.  The overall increase in annual sedimentation for 
these areas, which are likely to need to be dredged, is calculated as about 25% (about 
3,400m3) increasing the annual total to around 17,250m3 for the Cowes Harbour.  This 
includes all the material that the model shows accumulates around both Red Funnel 
facilities.  It is considered that a proportion of this will be disturbed and will settle in 
other areas, locations where dredging may not be required, moved up estuary or move 
out of the marina.  With this in mind the total maintenance dredging requirement 
calculated for Cowes Harbour is considered to be higher than would actually result. 
 
The modelling indicates that in general, the main fairway and new secondary channel 
will be self-maintaining.  It is, however, possible that some temporary reduction in 
depth could occur within the secondary channel following storm conditions.  At these 
times, additional sediment is likely to be supplied to the harbour through wave 
disturbance over the outer Shrape Mud and transported by the higher flows into the 
estuary.  This analysis tends to indicate that if storm conditions become more frequent, 
with the breakwater in place, a greater proportion of any sediment disturbed will enter 
the harbour.  Such effects are not accounted for in the modelling analysis. 
 
The flow and sediment modelling show that sedimentation patterns are not altered up 
estuary and therefore there will be no change to the maintenance dredging 
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commitment for Newport Harbour and the up estuary facilities e.g. Kingston Quay, 
Medina Wharf and Island Harbour. 
 
 

6. Geomorphological Effects 
 
Geomorphologically, the breakwater, marina and channel dredging will make direct 
changes to the subtidal and intertidal areas and volumes in the outer sections of the 
estuary.  These changes will indirectly affect the tidal propagation through the harbour 
into the middle and upper estuary, which can change the water levels, hence tidal 
prism of the estuary.  In theory, this could change the form of the estuary longer term. 
 
Analysis of the modelling results has shown that the presence of the development 
tends to lower, both high and low water levels throughout the estuary by the order of 
0.02m for a mean tide.  These changes will not significantly alter the tidal range in the 
estuary; however, they will ‘operate’ at a marginally lower level within the estuary 
cross-section.   Overall the indirect effect of the development is to marginally reduce 
the tidal prism within the estuary as a whole.  This however, is small compared with the 
increased tidal prism at the entrance directly caused by the dredging.  The fact that 
little or no effect is seen in the hydrodynamic and sediment modelling up estuary of the 
Chain Ferry means that the direct effects of the dredging do not tend to move through 
the estuary as a whole, thus the majority of the geomorphological effects are 
constrained to Cowes Harbour.  This also suggests that there will be negligible long-
term impact of the development up estuary of the Chain Ferry. 
 

6.1 Volumetric and Area Effects 
 
Table 2 sets out the volumetric and surface area values for the existing estuary and 
with the developments.  The majority of the change is as a result of the dredging.  The 
values shown represent a combination of both the direct and indirect effects. 
 
Table 2. Volumetric and surface area analysis 
 

  Vhw 
m3

Vlw 
m3

Shw 
m2

Slw 
M2

Tidal Prism 
m3

Intertidal Area 
m2

1. Existing 
(complete 
estuary) 

7751831 2063279 2188701 991602 5688552 1197099 

2. Post (Layout 5 
Breakwater) 

7915012 2165714 2181978 1018008 5749298 1163860 

3. Change 
(volumetric) 

+163181 +102435 -6723 +26406 +60746 -33239 

4. % Change +2.1% +5.0% -0.31% +2.7% +1.1% -2.8% 

Vhw  - Water volume below MHWS 
Vlw  - Water volume below MLWS 
Shw - Surface area at the level of MHWS 
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Slw - Surface area at the level of MLWS 
 

For the estuary as a whole (defined by a line between the Royal Yacht Squadron and 
Old Castle Point) the estuary volume at high water will be increased by 2.1% and 
about 5.0% below MLWS, with the tidal prism being increased by 1.1%.  However, if 
the direct effects of the marina dredging were considered alone, the increase in tidal 
prism would be 1.6%.  This implies that the spring tidal prism passing through the 
Chain Ferry will be marginally reduced (22,658m3, -0.4%).  The lower overall change 
being due to the effect of lowering the water levels within the estuary as a whole.  Over 
the entire estuary, for a mean spring tide, the area of intertidal is lowered by 2.8% 
(3.3ha), however, due to the ‘flat’ nature of the intertidal, much of this loss occurs over 
the outer Shrape Mud towards high water.  The indirect effects alone, created by the 
change in mean spring tide water levels, create a net gain in intertidal of about 
2,835m2 (0.26%).  Since the reduction in the HW level reduces the area of intertidal 
and much of this change is predicted to occur over the Shrape Mud, this implies that 
most of this increase occurs up estuary of the Chain Ferry where the proposed 
developments have no direct effect. 
 

6.2 Sedimentary Effects 
 
The previous section has indicated that there will be an increase in the maintenance 
dredging commitment within Cowes Harbour. This sedimentation predominately occurs 
on the flood tide and much will be created by the direct increase in tidal prism in Cowes 
Harbour.  If it is assumed that the development will not change the concentrations of 
sediment entering the Medina on each tide and all the sediment (from the increase in 
tidal prism) deposits, this would create around 3,500m3 (at 1300kg/m3) of additional 
sedimentation.  This is close to the increase of 3,400m3 indicated by the modelling 
(see section 5.4).  This combined information, and the fact that hydrodynamic 
conditions are unchanged up estuary of the Chain Ferry, suggests that most, if not all, 
sediment from the increase in tidal prism will deposit within Cowes Harbour. 
 
Up estuary of the Chain Ferry the tidal prism is marginally reduced.  Similar 
calculations suggest the supply of sediment to the middle and upper estuary will be 
reduced by about 1,000m3 (at 1300kg/m3)/year which is equivalent to a layer 
0.0007m(0.7mm) thick over the area of the estuary.  Please note these calculations do 
not take account of the effect of sea level rise. 
 

6.3 Estuary Morphologic Parameter Effects 
 
Calculations for a range of morphologic parameters have been made for the new 
breakwater and marina development.  These include the O’Brien Ratio, Dronkers Tidal 
Assymetry Ratio and the Renger and Partensky volume and area analyses.  The 
method of calculations has remained consistent with that set out in the Medina Estuary 
historic understanding report ABPmer (2006) and used in the Maximum Development 
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Scenario report - Medina Estuary Scheme Testing, ABPmer (2007) - to allow direct 
comparison of the changes. 
 
It is understood that the detail of this methodology has been upgraded (Defra, Dec 
2006), however, as a comparative tool the method used still provides general validity. 
 
Table 3 compares the changes created by the marina and breakwater development 
alone with the existing (2006) bathymetry for the estuary. 
 
Table 3. Comparison of Morphological parameters pre and post Layout 5 

Breakwater and Marina Development 
 

Estuary 
Configuration 

O’Brien* Renger (area) Renger (volume) Dronkers(gamma) 

Existing (2006) 1167 310 x 10-6 4.192 x 10-7 3.3 

Layout 5 configuration 1194 316 x 10-6 4.549 x 10-7 3.15 

% change +2.3% +1.9% +8.5% -4.5% 

 
* mouth assumed  between Royal Yacht Squadron and East Castle Point 

 
 

!" The O’Brien Ratio (O’Brien, 1931) relates the estuary tidal prism with the mean 
cross-sectional area of 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 
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 of 8x10-9. 

 
The effect of the breakwater development compared to the present day situation on the 
O’Brien Ratio is to cause a small increase in value towards the stable form, however, is 
still an order of magnitude lower than that ratio.  As with previous assessments this 
indicates that the section chosen to define the estuary mouth is not the overall control 
of the estuary.  Previous analysis (ABPmer 2007b) show the ‘effective mouth’ to be the 
Chain Ferry, where no direct effects are predicted here and up estuary.  The tidal 
effects along the estuary are also small.  Both Renger parameters indicate a slight 
change away from the most stable form, but indicate a slight increase in the flood 
dominance of the estuary overall.  The Dronkers asymmetry ratio reduced about 4.5% 



 

 

Modelling of an Additional Breakwater and  
Shrape Marina - Cowes Harbour 

 

R/3734 28 R.1411 
 

from the existing value.  This tends to indicate the estuary will remain flood dominant 
albeit with a slightly lower magnitude.  These changes are considered to be small and 
with the evidence from the modelling on the change to the hydrodynamics and 
sedimentary processes, particularly up estuary of Chain Ferry, the long-term 
morphological effects are considered to be negligible, particularly as little change 
occurs at the controlling section of the estuary, near the Chain Ferry. 
 
 

7. In-Combination Effects 
 
The previous sections have concentrated on the effects of the Layout 5 breakwater 
and associated dredging within the estuary alone. However, in the future there will be a 
combined effect not only with sea level rise but further developments or mitigation 
aspirations on the estuary.  Many of these developments will in their own right be 
small, particularly in the context of the current development.  In a previous ‘set of 
analyses’ using the marine assessment tools, the effects of sea level rise and what 
was considered as a Maximum Development Scenario (MDS) were evaluated.  This 
MDS scenario included a breakwater and marina layout, but of a different design to 
that optimised through the current analysis.  The results of the MDS assessment are 
detailed in ABPmer 2007b and provide the data for the following evaluation, which 
concentrates on highlighting the differences and evaluating the effects of the current 
proposals in the future. 
 
The most significant change between the MDS scenario and the current breakwater 
proposal is the effect on the tidal propagation through the estuary.  With the Layout 5 
breakwater and marina proposal, both high and low water levels are reduced, however, 
with the addition of the developments up estuary, e.g. deeper wharves, 
realignment/reclamations at the high water mark, the water levels were marginally 
increased, more at high water than low water.  This results in a small increase in tidal 
range and an indirect loss of intertidal throughout the estuary as opposed to a small 
increase with the current proposal.  The indirect tidal prism change is therefore larger 
due both to the increase in tidal range, but also because it now ‘operates’ higher within 
the valley profile.  Also, direct changes to the tidal prism occur up estuary of the Chain 
Ferry, with both increases at low water and decreases at high water.  This indicates 
that the combined effects of the different developments are likely to be greater than the 
sum of the individual effects.  The most significant in determining the effect will be 
those affecting the estuary cross section in the vicinity of the Chain Ferry. 
 
The MDS assessment tended to indicate that most of the effect on the estuary would 
arise from the breakwater and marina development.  However, the modelling of the 
scheme alone suggests that these effects are generally confined to Cowes Harbour, 
more than was inferred from the MDS modelling.  With the complete MDS scenario, 
which had some 25 different developments included there was a direct loss of intertidal 
of 4.8ha (of which 2.5ha was up estuary of the Chain Ferry.)    After the effects of the 
change to tidal propagation, this increased to 8.4ha, i.e. an indirect effect of a loss of 
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3.64ha (at MLWS).  This compares with an indirect increase in intertidal area of 0.28ha 
for the Layout 5 development alone.  The increase in tidal prism resulting from the 
MDS scenario up estuary of the Chain Ferry, increases the amount of sediment 
moving through the estuary and causes greater change to the flow hydrodynamics and 
potentially the locations of erosion and accretion. 
 
These changes need to be put into the context of sea level rise alone.  The MDS 
modelling was undertaken with a 0.6m rise in mean sea level.  This alone, when 
propagated through the existing estuary bathymetry created a loss of over 11ha of 
intertidal, not including the direct effects of developments.  This is therefore 3 times 
greater than the tidal propagation effects of the MDS scenario and over 11 times 
greater than for the Layout 5 Breakwater development alone.  This is without 
consideration of the effects of the 13% increase in tidal prism moving through the 
estuary. 
 
What is more significant is that the modelling suggests the effect of the MDS case with 
a 0.6m rise in mean sea level will alone create an additional loss of intertidal of 1.6ha 
over that for sea level rise alone compared to the 8.4ha at 2006 water levels, i.e. over 
5 times less effect.  Using this information as a guide the effect of Layout 5 Breakwater 
development will have negligible effect on the morphology of the estuary alone.  In 
combination with other developments the combined effect will be considerably less 
than would initially be the case.  This effectively shows developmental effects will tend 
to reduce with time and not tend to be continually enhanced.  This also suggests that 
any compensation/mitigation required for morphological reasons based on present day 
calculation is likely to be more than would be required in the future for all combinations 
of developments. 
 
 

8. Discussion with Respect to Nature Conservation 
 
The modelling has been undertaken to determine the maximum hydrodynamic, 
morphological and sedimentary effects of the Layout 5 Breakwater development on the 
Medina Estuary as a whole, following the optimisation of the breakwater layout.  
Hence, modelling and calculations have been undertaken for a mean spring tide or 
over a complete spring neap cycle. 
 
For the purpose of quantification with respect to nature conservation designations the 
‘critical level’ is Mean Low Water (MLW), which defines the break between the subtidal 
and intertidal with respect to the Biodiversity Action Plan (BAP) area and the European 
designated Special Area of Conservation (SAC), Special Protection Areas (SPA), and 
Internationally designated Ramsar sites. 
 
Up-estuary of the Chain Ferry, the development has no direct effects on any 
designated areas.  The indirect effect (throughout the estuary) is to lower water levels 
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at both high and low water.  This creates a 2.1ha increase in intertidal area, not all of 
which is internationally designated.  All the gain is around MLW as there will be a small  
loss (to terrestrial habitat) at high water.  In determining the effect with respect to the 
estuary as a whole, this has to be offset against the direct loss, estimated as 1.93ha 
from the marina dredging in the BAP designated (but not SPA) of the Shrape Mud 
inside the existing Shrape Breakwater.  This area is only estimated as the bathymetric 
data coverage is incomplete therefore does not allow an accurate definition of the 
existing position of MLW (+1.3m CD).  A survey is being undertaken to accurately 
define this level.  This information will be used to update the calculation for the 
environmental impact assessment. 
 
In essence the effect of the development will be to replace lower quality BAP habitat in 
Cowes Harbour with a narrow ‘strip’ of intertidal around MLW throughout the whole 
estuary, much of which will be of European importance for both habitat and birds.  As a 
consequence of this increase in intertidal area, there will be a slightly larger loss of 
subtidal habitat, circa 1 - 2m wide around the estuary.   
 
The dredging for the secondary channel and marina will modify the bed of the SAC and 
increase the area within Cowes Harbour.  The footprint of the breakwater will, however, 
remove an area and convert some to rocky intertidal.  It is also known that an eelgrass 
bed will be compromised by the development.  These effects will be discussed in detail 
and quantified where possible within the EIA for the development proposal. 
 
The interpretation of the modelling results indicates the current flow regime and 
sedimentary patterns will not be affected by the development up estuary of the Chain 
Ferry, nor will the morphologic parameters change significantly. This will not therefore 
lead to ongoing effects on the estuary in the long term as a direct result to present 
erosion and accretion stresses.  The slight reduction in tidal prism along the estuary, 
based on current suspended sediment concentrations, which are not expect to be 
changed by the development, could lead to an annual reduction in sediment supply up 
estuary of the Chain Ferry of the order of 1000m3 (at 1300kg/m3) which represents an 
overall estuary depth of 0.0007m (0.7mm) per annum. 
 
Overall, the effect of the development will have negligible effect on the areas of SPA, 
SAC and Ramsar but will have some effects on particular features.  The area of the 
BAP will be directly reduced (although replaced in SAC designated areas) and there 
will be some local change to the subtidal habitats. 
 
Maintenance dredging throughout Cowes Harbour will be increased by about 3400m3 
(circa 25%) with little change up estuary of the Chain Ferry.  The change to the flow 
dynamics will redistribute the material around the harbour to a greater compared to  
present day; however, nearly all of the increased maintenance dredging will be in the 
vicinity of the new marina. 
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9. Conclusion 
 
Conceptual analysis and modelling of waves, water levels, tidal flows and sediment 
dynamics have been used to optimise the location and layout of an offshore 
breakwater, new secondary channel and marina at Cowes.  This was undertaken as a 
staged process.  Layout 5 was considered to be the optimum to comply with the 
objectives for the development and in minimising the effects on the estuary regime. 
 
Once the design had been selected, its effect on waves were modelled from three 
directions and the changes to the flow regime (water levels, flow speeds and 
directions) assessed for a spring tide throughout the whole estuary.  Sedimentary 
effects have been evaluated with respect to determining the amounts and locations of 
maintenance dredging along with potential for morphological change. 
 
The following conclusions have resulted: 
 
Waves 
!" The breakwater provides considerable protection for the majority of Cowes 

Harbour.  For 1:50 return period storm waves, significant wave heights for the 
most part are reduced to below 0.4m, with large areas of the harbour reduced 
to well below 0.3m.  The new marina, Cowes Yacht Haven and Shepards 
Wharf will have wave climates, which are considered to be ‘excellent’ 
according marina guidelines from nearly all wave directions;  

 
!" North Westerly wave directions will remain those causing most disturbance, 

with the waves propagating along the main fairway.  These will, however, be 
significantly reduced by up to 0.5m (around 60%) in some locations; and 

 
!" At no location within the breakwater will wave heights be increased.  Some 

reflection from the outside of the breakwater will occur, predominantly from 
northerly and north easterly waves.  The maximum increase will be 0.1 - 0.2m 
(up to about 20%). 

 
Water Levels 
!" The breakwater and associated dredging causes a small change in the 

propagation of the tide along the estuary.  Water levels are reduced relatively 
uniformly along the estuary at both high and low water.  For a mean tide, high 
water levels reduce by an average of 0.047m and low water levels by an 
average of about 0.058m.  This gives a slight increase in tidal range of 0.4% 
‘operating’ through a slightly small estuary cross-section; and 

 
!" For mean spring range tides, the reduction in water level is less, being about 

0.018m at both high and low water. 
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Flow Speeds and Directions 
!" Peak flows outside the line of the breakwater will be unaffected in both speed 

and direction.  During peak ebb flows, there will be a reduction in flow speeds 
immediately north of the breakwater, with small changes extending for up to 
700m; 

 
!" The peak Solent flows which run east to west across the harbour entrance 

during the high water stand are increased by up to 50% through the new 
secondary entrance, to the east of the harbour, and over the outer Shrape 
Mud (0.1m/s).  In the lee of the breakwater, flow speeds are reduced 0.1 - 
0.2m/s (15 - 25%) extending towards Gurnard Point; 

 
!" The breakwater enhances the proportion of flow entering the Medina from the 

east, particularly on the flood tide; 
 

!" Peak harbour flows occur approximately mid ebb.  The breakwater directly 
blocks the passage of this flow diverting it either side.  Flow speeds are 
increased by up to 0.4m/s (circa 40%) in the entrances at certain states of the 
tide; 

 
!" Maximum flow speeds in the main fairway to the west of the breakwater will be 

of the order of 0.6m/s (spring tide) and 0.5m/s in the secondary entrance to the 
east.  The exact location of the maximum flows will change and will occur at 
different times in the tide to the present situation.  The general level of flows 
will be higher for longer periods than at present and slack periods will be 
shorter; 

 
!" Inside the line of the Shrape Breakwater the flood flow patterns are controlled 

by the dominance of the flows entering through the two channels, creating 

areas of flow speed change of "0.2m/s.  On the ebb, flow speeds are 
generally reduced, but only 0.05 - 0.1m/s.  In general, however, flood and ebb 
flow speeds rarely exceed 0.25m/s; 

 
!" In the vicinity of the Chain Ferry, spring tide flows rapidly increase to 0.9m/s on 

the flood and 1.3m/s on the ebb.  The breakwater and marina development 

has a negligible effect ("0.01m/s), less than 1%; and 
 

!" The breakwater and marina dredging move the maximum flood flow 
streamlines east, reducing flows along the western shore, with little change on 
the ebb; 

 
!" Within the new marina, flow speeds are generally reduced by 0.08m/s (30%), 

although at the southern end a small increase occurs as water is drawn into 
the newly dredged area; 
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!" Flow speed and direction changes were everywhere negligible up estuary of 

the Chain Ferry.  The only change of note occurred opposite Werrar Marsh at 
the time of low water.  This was more likely to be due to a small change in the 
phasing of the tide around low water rather than a significant change in flow 
volume.  As a consequence of these negligible changes, the processes that 
affect the geomorphology of the estuary will not be affected, up estuary of the 
Chain Ferry. 
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Sedimentation and Maintenance Dredging 
!" Following construction of the breakwater and dredging of the secondary 

channel and marina, similar locations will require dredging compared to 
present, however, rates of accumulation will change; 

 
!" The new marina will accrete (predominantly the rear section), along with the 

frontage of the former GKN site.  The combined annual accretion is estimated  
to be 4,400m3 in situ (at 1300kg/m3) per annum.  This volume is higher than 
the  net increase for the whole harbour of 3,400m3 (i.e. 25%).  This indicates 
sediment will be redistributed around the harbour; 

 
!" Annual sedimentation is predicted to reduce by 36% at Cowes Yacht Haven, 

6% at Shepard’s Wharf and East Cowes Marina and 13% potentially around 
the Red Funnel Terminal; 

 
!" At the Royal Yacht Squadron Haven sedimentation could increase by 12%.  

The other area of potential increase is around Town Quay (18%), however, 
this will probably be less due to the Red Jet disturbance, which could move the 
material elsewhere; 

 
!" The main fairway and channel are predicted to remain self maintaining, 

however, at some locations the present erosional potential will be marginally 
reduced; 

 
!" There is a slight possibility that the secondary channel may accumulate 

sediment after storms; 
 

!" The modelling indicates that both accretion and erosion occur at different 
locations, which vary with state of tide and tidal range.  For the most part in the 
central parts of the harbour, sedimentation is likely to occur predominantly on 
the flood tide and in many areas will be completely removed on the ebb.  
Where net accumulation occurs, i.e. the marinas, the rate of accretion is 
highest during spring tides and negligible during neaps; 

 
!" Negligible effects on sedimentation patterns up estuary of the Chain Ferry are 

predicted; 
 

!" The total increase in sedimentation in Cowes Harbour is almost entirely 
explained by the increase in tidal prism created by the dredging.  This confirms 
that little of the additional incoming sediment penetrates beyond the vicinity of 
the Chain Ferry; 

 
!" Up estuary of the Chain Ferry the lower water levels reduce the tidal prism.  

This is estimated to reduce the supply of sediment to the middle and upper 
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estuary of the equivalent of about 1000m3 (in situ at 1300 kg/m3) per annum.  
To put this into perspective, it represents a coverage of about 0.0007m 
(0.7mm) over the area of the estuary; 

 
!" Within the new marina, flow speeds are generally reduced by 0.08m/s (30%), 

although at the southern end a small increase occurs as water is drawn into 
the newly dredged area; and 

 
!" Flow speed and direction changes were negligible everywhere up estuary of 

the Chain Ferry.  The only change of note occurred opposite Werrar Marsh at 
the time of low water.  This was more likely to be due to a small change in the 
phasing of the tide around low water rather than a significant change in flow 
volume.  As a consequence of these negligible changes, the processes that 
affect the geomorphology of the estuary will not be affected up estuary of the 
Chain Ferry.  

 
Geomorphological Effects 
!" For the estuary as a whole, the high water volume following the development 

will be increased by 2.1% at high water and 5% below MLWS, with the tidal 
prism increasing by 1.1%.  If the direct effect of marina development were 
considered alone the tidal prism would have been increased by 1.6%.  This 
indicates a reduction in tidal prism passing up estuary of Cowes Harbour 
equating to about 0.4%; 
 

!" At MLWS the area of intertidal is reduced by 2.8% (3.3ha), much of this is over 
the area of the Shrape Mud at higher water levels.  This figure could change 
as data for the upper sections of the Shrape Mud are at present limited; 
 

!" The indirect effects of the development on propagation of the tide, alone, 
create a net gain of intertidal on a mean spring tide of about 0.26%, mostly 
above the Chain Ferry, where there are no direct effects; 
 

!" Calculation of the change in standard estuary morphological parameters for 
the estuary, with the mouth assumed to be between Royal Yacht Squadron 
and Old Castle Point, indicate the estuary will remain flood dominant, but 
marginally less in magnitude.  The estuary as a whole will move very slightly 
further away from the stable form; and 
 

!" The long-term morphological effects of the development are considered to be 
negligible, particularly as little change from the development occurs at, and up 
estuary of the constriction at the Chain Ferry. 
 

In-Combination Effects 
!" Previous modelling studies have looked at the combined effect of a large 

number of potential developments in the future, as well as the effects of sea 
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level rise with and without the developments.  The major difference from the 
current development was that most of the additional hypothetical 
developments involved direct modification of the morphology up estuary of the 
Chain Ferry.  The total works in this area tended to increase water levels 
throughout the estuary as opposed to reductions with present development.  
This equated to an indirect loss of intertidal throughout the estuary compared 
to a small gain with the current proposal. 

 
!" When a sea level rise of 0.6m was considered, the effect of the rising water 

level alone was over 3 times greater than the effect of the Maximum 
Development Scenario, which incorporated 25 different developments along 
the estuary, and more than 11 times greater than the effect of the currently 
proposed breakwater and marina development; and 

 
!" The model results also tend to indicate that the effects of any likely 

development, with respect to change in intertidal areas, will be a much as 5 
times less with a sea level rise of 0.6m compared to the effect at existing water 
levels. 

 
Nature conservation Issues 
For the purpose of quantifying developmental effects for nature conservation issues 
data for a mean tide has been used to correspond with the legislative boundaries.  The 
main effects are primarily due to the change in water levels, which give rise to a net 
increase of intertidal area of about 2.1ha on a mean tide.  This compares with a 
calculated direct loss of 1.93ha, although the surveys do not clearly define the MLW 
and MHW contours around the Shrape.  New surveys are being undertaken to confirm 
this data.  Based on existing data there will be no reduction in intertidal area 
throughout the estuary, however, it will be relocated to a narrow ‘strip’ around the low 
water mark compared to a larger width in the area of the Shrape Breakwater. 
 
The area to be directly removed is a Biodiversity Action Plan (BAP) area but is not a 
European designated site.  The ‘new’ areas of intertidal will predominantly add to the 
Special Protection Area (SPA) designated areas up estuary.  The footprint of the new 
breakwater and secondary navigation channel will impact on the European designated 
Special Area of Conservation (SAC).  The model results show the existing processes 
creating the flow and sedimentary patterns within the estuary will not be affected by the 
development up estuary of the Chain Ferry, nor will the morphologic parameters 
change significantly.  Long-term effects due to process changes will not therefore 
occur.   
 
The breakwater and dredging for the secondary channel and marine cause effects, 
which are predominantly confined to Cowes Harbour, with no changes of significance 
occurring to the processes of erosion and accretion up estuary of the Chain Ferry.  The 
direct loss of intertidal habitat is offset by the increase throughout the estuary due to 
the lowering of the tidal levels.  Volumetric and surface area changes are generally 
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small and as there is no change to the active processes within the estuary there is little 
scope for long term on-going changes to erosion and accretion patterns arising as a 
result of the new developments alone.  The slight lowering of the water levels, hence 
tidal prism will result in a lowering of the supply of sediment to the middle and upper 
estuary of an estimated 1000m3/year in-situ, equivalent to a potential loss of accretion 
of about 0.7mm per year, on the assumption all would have been deposited. 
  
It should be noted, however, that any further developments, especially up estuary of 
the Chain Ferry, in combination tend to increase the tidal prism, which could potentially 
increase the supply again in the future.  All these changes, however, are small being 
up to an order of magnitude lower than the effects of sea level rise alone over the next 
50 - 100 years. 
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Initial breakwater, secondary channel and marina dredge for 
optimisation – Layout 1 

Figure 1 

 



 

Comparison of Significant Wave Heights.  A: Baseline.  B: Layout 1.  C: Difference - North Westerly Waves Figure  2 



 

Comparison of Wave Disturbance Coefficients.  A: Baseline.  B: Layout 1.  C: Difference– North Westerly Waves Figure 3 



 

Wave Height Difference and Comparison of Wave Heights at Specific Locations.  Black Profile = Baseline, Red Profile = Layout 1– North Westerly Waves Figure 4 



Layout 2 breakwater configuration Figure 5 

 



Comparison of Significant Wave Heights.  A: Baseline.  B: Layout 2.  C: Difference– North Westerly Waves Figure  6 

 



Comparison of Wave Disturbance Coefficients.  A: Baseline.  B: Layout 2.  C: Difference – North Westerly Waves Figure 7 

 



Wave Height Difference and Comparison of Wave Heights at Specific Locations.  Black Profile = Baseline, Red Profile = Layout 2 – North Westerly Waves Figure 8 

 



 

Four Possible Extents of the East End of the Breakwater Figure 9 

 



 

Comparison of Significant Wave Heights – North Easterly Waves.  A: Baseline.  B: Layout 3.  C: Difference Figure  10 



 

Comparison of Wave Disturbance Coefficients – North Easterly Waves.  A: Baseline.  B: Layout 3.  C: Difference Figure 11 



 

Wave Height Difference and Comparison of Wave Heights at Specific Locations – North Easterly Waves.  Black Profile = Baseline, Red Profile = Layout 3 Figure 12 



Comparison of Significant Wave Heights – North Easterly Waves.  A: Baseline.  B: Layout 4.  C: Difference Figure  13 

 



Comparison of Wave Disturbance Coefficients – North Easterly Waves.  A: Baseline.  B: Layout 4.  C: Difference Figure 14 

 



Wave Height Difference and Comparison of Wave Heights at Specific Locations – North Easterly Waves.  Black Profile = Baseline, Red Profile = Layout 4 Figure 15 



   

 

 

Comparison of flow patterns – Peak Ebb Springs 
Layout 4 – Maximum Harbour Tide 

Figure 16 

 



   

 

Comparison of flow patterns – High Water Stand Springs 
Layout 4 – Maximum Solent Tide 

Figure 17 

 



   

 

Time series of low speeds at locations of maximums of greatest flow 
speed change in the main fairway – Spring Tides – Layout 4 

Figure 18 

 



   

 

 

Time series of flow speeds at locations of peak flows through the eastern 
entrance channel and in the lee of the breakwater – Spring Tides 

  Layout 4 
Figure 19 

 



Plan of Layout 5 Breakwater, secondary channel and marina Figure 20 

 



 

Comparison of Significant Wave Heights.  A: Baseline.  B: Layout 5.  C: Difference– North Westerly Waves Figure  21 



 

Comparison of Wave Disturbance Coefficients.  A: Baseline.  B: Layout 5.  C: Difference– North Westerly Waves Figure 22 



 

Wave Height Difference and Comparison of Wave Heights at Specific Locations.  Black Profile = Baseline, Red Profile = Layout 5 – North Westerly Waves Figure 23 



Comparison of Significant Wave Heights.  A: Baseline.  B: Layout 5.  C: Difference – Northerly Waves Figure  24 

 



Comparison of Wave Disturbance Coefficients.  A: Baseline.  B: Layout 5.  C: Difference – Northerly Waves Figure 25 

 



Wave Height Difference and Comparison of Wave Heights at Specific Locations.  Black Profile = Baseline, Red Profile = Layout 5 – Northerly Waves Figure 26 

 



Comparison of Significant Wave Heights.  A: Baseline.  B: Layout 5.  C: Difference – North Easterly Waves Figure  27 

 



Comparison of Wave Disturbance Coefficients.  A: Baseline.  B: Layout 5.  C: Difference – North Easterly Waves Figure 28 

 



Wave Height Difference and Comparison of Wave Heights at Specific Locations.  Black Profile = Baseline, Red Profile = Layout 5 – North Easterly Waves Figure 29 

 



Absolute water level and difference along the estuary 
between the Baseline and Layout 5 for MHWS and 

MLWS 
Figure 30 



 

Absolute water level and difference along the estuary 
between the Baseline and Layout 5 for MHW and MLW 
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Difference in water level along the estuary between 
the Baseline and Layout 5 for MHW and MLWS 

Figure 32 



 

 

 

 

 

Difference in water level along the estuary between 
the Baseline and Layout 5 for MHW and MLW 

Figure 33 

 



   

 

Comparison of Flow Patterns – High Water Stand Springs 
Layout 5 – Peak Solent Flows 

Figure 34 

 



   

 

Comparison of Flow Patterns – Peak Ebb Springs 
Layout 5 – Peak Harbour Flows 

Figure 35 

 



   

 

Time series of flow speeds at locations of maximum and greatest flow 
speed change in the main fairway – Spring Tides – Layout 5 

Figure 36 

 



   

 

 

Time series of flow speeds at locations of peak flows through the eastern 
entrance channel and in the lee of the breakwater – Spring Tides 

 – Layout 5 
Figure 37 

 



 

Flow Speed and Direction Comparison. Baseline and 
Layout 5, LW+1, Spring Tide - Cowes Harbour 

Figure 38 



 

 

Time series comparison of water levels, current speeds and 
directions – Layout 5 – Shrape Mud 

Figure 39 



 

 

Time series comparison of water levels, current speeds and 
directions – Layout 5 – Cowes Yacht Haven 

Figure 40 



 

 

Time series comparison of water levels, current speeds and 
directions – Layout 5 – New Marina North 

Figure 41 



 

 

Time series comparison of water levels, current speeds and 
directions – Layout 5 – New Marina South 

Figure 42 



 

 

Time series comparison of water levels, current speeds and 
directions – Layout 5 – Main Channel 

Figure 43 



 

 

Time series comparison of water levels, current speeds and 
directions – Layout 5 – Red Funnel Ferry Terminal 

Figure 44 



 

 

Time series comparison of water levels, current speeds and 
directions – Layout 5 – Chain Ferry 

Figure 45 



 

Figure 46 
 Flow Speed and Direction Comparison. Baseline and Layout 5, LW-2, Spring Tide.  

Chain Ferry to Folly Point 

 



 

 

Time series comparison of water levels, current speeds and 
directions – Layout 5 – North Medina Wharf 

Figure 47 



 

Figure 48 
 Flow Speed and Direction Comparison. Baseline and Layout 5, LW, Spring Tide.  Folly 

Point to Newport 

 



 

Time series comparison of water levels, current speeds and 
directions – Layout 5 

Figure 49 

 



 

Predicted annual change in bed level – Layout 5 Figure 50 



 

Difference in annual change in bed level – Layout 5 - Baseline Figure 51 



 

Locations for time series of bed level change Figure 52 



 

 

 

Time series of bed thickness relative to tidal elevation over a spring-neap cycle at locations 6 and 
7 – New Marina 

Figure 53 
 



 

 

 

 

Time series of bed thickness relative to tidal elevation over a spring-neap cycle at locations 2, 3 
and 4 – Town Quay 

Figure 54 
 



 

 

 

Time series of bed thickness relative to tidal elevation over a spring-neap cycle at locations 8 and 
9 – Cowes Yacht Haven 

Figure 55 
 



 

 

Time series of bed thickness relative to tidal elevation over a spring-neap cycle at location 1 - 
RYS Haven 

Figure 56 
 



 

 

 

Time series of bed thickness relative to tidal elevation over a spring-neap cycle at locations 5 and 
10 – Main Channel 

Figure 57 
 



 

Time series of bed thickness relative to tidal elevation over a spring-neap cycle at location 11 – 
East Cowes Marina 

Figure 58 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Areas selected for sedimentation calculations Figure 59 



 

Appendices 
 

 



 

Appendix A 

Wave Climate Marina Design 
Parameters 

 



 

 

Modelling of an Additional Breakwater and  
Shrape Marina - Cowes Harbour 

 

R/3734 A.1 R.1411 
 

Appendix A. Wave Climate Marina Design Parameter 
 
 

Wave Conditions 
 
The UK design standards provide only limited guidance on acceptable wave climates within a 
marina.  The most comprehensive standard specifically promoted for marina development is 
the Australian Design Code AS 3962.  This code provides wave criteria for three classifications 
of wave climate, excellent, good and moderate.  The design criteria for a good climate is set out 
in the table below: 
 
 

Significant Wave Height (Hs) 

Direction of Peak Period of 
Design Harbour Wave Wave event exceeded once in 50 

years 
Wave event exceeded once a 

year 

Head seas less than 2s Conditions not likely to occur during 
this event 

Less than 0.3m wave height 

Head seas greater than 2s Less than 0.6m wave height Less than 0.3m wave height 

Oblique seas greater than 2s Less than 0.4m Less than 0.3m wave height 

Beam seas less than 2s Conditions not likely to occur during 
this event 

Less than 0.3m wave height 

Beam seas greater than 2s Less than 0.25m wave height Less than 0.15m wave height 

The criterion for an excellent wave climate multiplies the wave heights in the above table by 0.75 and for a 
moderate climate by 1.25.  

 
 
The ultimate selection of the design wave climate may be a function of the cost required to 
achieve the optimum solution.  As an aspiration for a modern marina the achievement of an 
excellent wave climate will certainly bring benefits to the attractiveness and reputation of the 
facility.  The upper limit of acceptability for marina customers should be established as a “good” 
wave climate in accordance with the above guidelines. 
                                       



 

Appendix B 

Wave Modelling of Inner and Outer 
Breakwaters - Northerly Direction 
Figures 55-58 of ABPmer Report 
R1322 
Marina Estuary Scheme Testing 

 



 
Comparison of Significant Wave Heights.  A: Baseline.  B: Scenario 1 (MDS) Layout.  C: Scenario 2 (Inner Breakwater Layout) Figure  B1 

 



 
Comparison of Wave Disturbance Coefficients..  A: Baseline.  B: Scenario 1 (MDS) Layout.  C: Scenario 2 (Inner Breakwater Layout) Figure B2 

 



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 B3 

 



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 B4 

 



 

Appendix C 

Estuary wide flow speed contours 
and vector comparisons between 
the Baseline and Layout 5 
Developments at hourly intervals 
throughout the tide. 

 
 

 



 

Spring Flow Speed and Direction Comparison. 
Baseline and Layout 5, LW-6.  Cowes Harbour 

Figure C1 



 

Spring Flow Speed and Direction Comparison. 
Baseline and Layout 5, LW-5.  Cowes Harbour 

Figure C2 



 

Spring Flow Speed and Direction Comparison. 
Baseline and Layout 5, LW-4.  Cowes Harbour 

Figure C3 



 

Spring Flow Speed and Direction Comparison. 
Baseline and Layout 5, LW-3.  Cowes Harbour 

Figure C4 



 

Spring Flow Speed and Direction Comparison. 
Baseline and Layout 5, LW-2.  Cowes Harbour 

Figure C5 



 

Spring Flow Speed and Direction Comparison. 
Baseline and Layout 5, LW-1.  Cowes Harbour 

Figure C6 



 

Spring Flow Speed and Direction Comparison. 
Baseline and Layout 5, LW.  Cowes Harbour 

Figure C7 



 

Spring Flow Speed and Direction Comparison. 
Baseline and Layout 5, LW+1.  Cowes Harbour 

Figure C8 



 

Spring Flow Speed and Direction Comparison. 
Baseline and Layout 5, LW+2.  Cowes Harbour 

Figure C9 



 

Spring Flow Speed and Direction Comparison. 
Baseline and Layout 5, LW+3.  Cowes Harbour 

Figure C10 



 

Spring Flow Speed and Direction Comparison. 
Baseline and Layout 5, LW+4. Cowes Harbour 

Figure C11 



 

Spring Flow Speed and Direction Comparison. 
Baseline and Layout 5, LW+5.  Cowes Harbour 

Figure C12 



 

Spring Flow Speed and Direction Comparison. 
Baseline and Layout 5, LW+6.  Cowes Harbour 

Figure C13 



 

Figure C14 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW-6.  Chain 

Ferry to Folly Point 



 

Figure C15 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW-5.  Chain 

Ferry to Folly Point 



 

Figure C16 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW-4.  Chain 

Ferry to Folly Point 



 

Figure C17 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW-3.  Chain 

Ferry to Folly Point 



 

Figure C18 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW-2.  Chain 

Ferry to Folly Point 



 

Figure C19 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW-1.  Chain 

Ferry to Folly Point 



 

Figure C20 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW.  Chain Ferry 

to Folly Point 



 

Figure C21 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW+1.  Chain 

Ferry to Folly Point 



 

Figure C22 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW+2.  Chain 

Ferry to Folly Point 



 

Figure C23 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW+3.  Chain 

Ferry to Folly Point 



 

Figure C24 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW+4.  Chain 

Ferry to Folly Point 



 

Figure C25 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW+5.  Chain 

Ferry to Folly Point 



 

Figure C26 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW+6.  Chain 

Ferry to Folly Point 



 

Figure C27 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW-6.  Folly Point 

to Newport. 



 

Figure C28 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW-5.  Folly Point 

to Newport. 



 

Figure C29 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW-4.  Folly Point 

to Newport. 



 

Figure C30 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW-3.  Folly Point 

to Newport. 



 

Figure C31 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW-2.  Folly Point 

to Newport. 



 

Figure C32 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW-1.  Folly Point 

to Newport. 

 



 

Figure C33 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW.  Folly Point to 

Newport. 



 

Figure C34 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW+1.  Folly Point 

to Newport. 



 

Figure C35 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW+2.  Folly Point 

to Newport. 



 

Figure C36 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW+3.  Folly Point 

to Newport. 



 

Figure C37 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW+4.  Folly Point 

to Newport. 



 

Figure C38 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW+5.  Folly Point 

to Newport. 



 

Figure C39 
Spring Flow Speed and Direction Comparison. Baseline and Layout 5, LW+6.  Folly Point 

to Newport. 
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