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Executive Summary 
Cowes Harbour Commission (CHC) appointed ABPmer to develop an updated, robust numerical 
simulation tool (tidal model) for Cowes Harbour following the completion of the first stage of 
construction of the (unarmoured) Outer Breakwater.  The fully consented scheme includes a detached 
armoured Outer Breakwater; a new Eastern Channel for small craft; an extension to the existing Shrape 
Breakwater; and a dredged basin for a proposed East Cowes development.  At the date of this report, 
the armoured Outer Breakwater has been completed (re-profiling of the breakwater core material plus 
the placing of the protective rock armour layer) but other components of the scheme are yet to be 
implemented. 
 
Since the construction of the unarmoured Outer Breakwater in 2014, flood tide currents entering into 
Cowes Harbour are relatively stronger in the Eastern Channel than the Western Channel, compared to 
that prior to the breakwater construction.  This correspondingly results in a relatively stronger cross-
harbour current in the two hour period prior to high water.  This feature, which is most apparent 
during spring tides, initially caused some navigational concerns for vessels navigating the Main 
Channel at this time and state of the tide.  
 
The updated (2015) model has been used to consider the effects of the design components of the 
Fully Consented Scheme and an amended Scheme (Version 2) on patterns of currents and accretion.  
The calibration and initial results of this model are reported separately (ABPmer, 2015c & 2016b). 
 
The primary objectives of the study were: 
 

 Hydrodynamic tests - To understand the influence of the design options with regard to the 
cross-harbour current in the two hour period prior to high water and which options might 
have the potential to reduce this cross-harbour flow or to mitigate against this perceived 
navigational risk. 
 

 Sediment transport tests - Investigate strategies to minimise the maintenance dredging 
requirement for the harbour stakeholders and particularly the dredged basin for the new 
marina. 

Hydrodynamic Tests 

Hydrodynamic tests for both schemes were carried out to fulfil the first objective.  Bathymetry and 
tidal conditions from 2014 with the unarmoured breakwater (i.e. the breakwater core prior to the 
additional of an outer layer of protective rock armour) were chosen as a baseline to compare with the 
various scheme components and configurations.  A tide approximately equal to the mean spring tide, 
and used for the calibration of the model, was selected to test the hydrodynamic effects of the design 
schemes.  Each component of the schemes was added to the model in succession so its hydrodynamic 
effects were understood in isolation.  
 
A summary of each design component tested is as follows: 
 
Unarmoured Outer Breakwater 
 
As has been observed, the addition of the unarmoured breakwater results in an increased cross-
harbour tidal current which is at its strongest for the two hour period before high water (on the 
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selected mean spring tide) and peaks at ~1.0 m/s.  This increase in cross-harbour flow has a resulting 
increase the recirculation behind the Shrape Breakwater and flows parallel to the Cowes western 
shore, for this period of the tide.  The northward (reversed) flows parallel to the Cowes western shore 
are effectively occurring earlier in the tidal cycle than was the case prior to the Outer Breakwater 
construction. 
 
Armoured Outer Breakwater 
 
The construction of armoured Outer Breakwater included the restoration of the intended design 
profile of the breakwater, which had been slightly deformed since the initial construction of the 
breakwater core as a result of wave action.  The armoured Outer Breakwater extends slightly further 
west and is narrower in profile at the eastern end, as compared to the unarmoured breakwater. 
 
The reduced profile of the armoured breakwater eases the restriction at the Eastern Entrance to the 
harbour resulting in slightly higher flow volumes entering the harbour with resulting higher current 
velocities adjacent to West Cowes, although reduced velocities in same cases adjacent to, and in the 
lea of, the breakwater.   The extension of the western end of the Outer Breakwater translates the ebb 
flow leaving the harbour slightly to the west.  These differences are limited in magnitude (particularly 
across the larger area), variable in space and time, and can be either a relative increase or decrease 
depending on location and the stage of the tide. 
 
Armoured Outer Breakwater, small craft channel and new marina dredge 
 
The increase in the dredged depth of the small craft (eastern) channel in addition to the armoured 
Outer Breakwater leads to a further easing of the restriction to flow entering the harbour through the 
Eastern Entrance and a corresponding localised increase in the speed of the cross-harbour tidal 
current.  The maximum increase in cross harbour current speed over the armoured breakwater 
scenario is approximately 0.2 m/s for the three hours prior to high water and again at HW+3 hrs.  This 
increase is limited in extent, but also results in higher current speeds north along the western shore, at 
HW-1 hr.  There is also a slight decrease in cross-harbour current slightly further south, towards the 
point of flow divergence, i.e. indicating the cross-harbour flow has been slightly offset to the north at 
HW-1. 
 
Fully Consented Scheme  
 
The addition of the Shrape Breakwater Extension, the final part of the Fully Consented Scheme, has 
the effect of increasing the size of the flow recirculation pattern behind the breakwater, by moving the 
circulation edge further west.  
 
The combination of the increased depth of the dredged Small Craft Channel and the presence of the 
Shrape Breakwater Extension, results in locally increased cross harbour currents of approximately 0.2 
m/s or 0.3 m/s compared to the armoured breakwater scenario, by increasing and focusing the tidal 
current entering the harbour through the Eastern Channel.  This difference does not extend across the 
full width of the harbour, but does result in increased flow speeds north and south along the western 
shore, at HW-1 hr, as compared to the unarmoured Outer Breakwater baseline condition.  
 
Scheme Version 2 
 
Scheme Version 2 is designed to mitigate against some of the unfavourable flow features introduced 
by the fully consented scheme.  The scheme includes a Shrape Breakwater extension but the structure 
is offset 30 m southwards from the existing Shrape Breakwater to reduce the focusing effect noted in 
the fully consented scheme design.  The scheme also includes alterations to the proposed harbour 
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dredging by reducing the depth of the Eastern Channel (-3 mCD in the consented scheme, to -
2.25 mCD in Scheme Version 2), straightening and widening the main Fairway, and deepening the 
mooring area south of the Outer Breakwater. 
 
These alterations are predicted to result in similar patterns of flow to the south of the Shrape 
Breakwater to that described for the unarmoured Outer Breakwater alone.  However, flow speeds in 
the Main Channel are reduced slightly and deflected slightly north to provide a broader band of flow 
at HW-1, compared to the armoured breakwater condition. 
 
The amended scheme potentially does allow flow through the gap between the breakwater sections. 
This is most noticeable at HW-5, where the ebb tide current through the gap reaches ~0.3 m/s, for 
which a navigational risk should be considered.  A subsequent navigational assessment of the Eastern 
Channel is likely to result in a minor alteration to the planned position, depth and alignment of the 
channel which has not been included in this project. 

Sediment Transport Tests 

To address the second objective of this study, sediment transport tests were carried out for three of 
the design schemes, for the existing baseline (2013 to 2015) accretion and  suspended sediment 
levels.  Any influences of marina structures, moored vessels and vessel movements within the harbour 
have not been included in the simulation but could be locally significant to accretion and erosion.   
 
Unarmoured Outer Breakwater 
 
The model predicts that the unarmoured Outer Breakwater has a limited influence on the total 
harbour sedimentation, but does cause some changes in expected patterns of erosion and accretion 
in localised areas.  The unarmoured Outer Breakwater causes a general reduction in the rate of 
accretion in the western marinas, particularly in the vicinity of Trinity Landing, as compared to the pre-
breakwater situation.  It also leads to an increase in the rate of accretion behind the Shrape 
Breakwater and minor increases in the rate of accretion adjacent to the southern side of the new 
breakwater. 
 
Fully Consented Scheme 
 
The Fully Consented Scheme is predicted to reduce the overall rate of accretion in the western marina, 
particularly in the vicinity of Trinity Landing, as compared to the pre-breakwater situation.  It is 
however expected to result in a modest increase in the rate of accretion in the Outer Harbour overall, 
resulting primarily from an increase in the rate of accretion behind the Shrape Breakwater and in the 
vicinity of the proposed new marina.  More minor increases in the rate of accretion are predicted 
adjacent to the southern side of the new breakwater and the area of the life boat station. 
 
Scheme Version 2 
 
The effects of Scheme Version 2 on harbour sedimentation are similar to that described for the fully 
consented scheme.  The overall reduction in the rate of accretion in the western marinas is less 
significant when compared to the fully consented scheme.  Small areas of increased rates of accretion 
in the western marinas seen in the full scheme are slightly further increased with the new scheme.  
Some additional increase in the rate of accretion behind the Shrape Breakwater, in the vicinity of the 
proposed new marina, is also predicted.  It is also predicted that there would be minor further 
increases in rates of accretion adjacent to the southern side of the Outer Breakwater. 
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Discussion of the Two Design Schemes 

The modelling has confirmed observations that the partially constructed (2014 unarmoured) Outer 
Breakwater has resulted in a relatively strong cross-harbour current in the two hour period prior to 
high water.  These cross-harbour currents reach their peak (~1.0 m/s) at HW-1 hr at a position to the 
east of the main channel. The cross-harbour tidal current for this period prior to high water results in 
increased current speeds, north and south, parallel to the western Cowes shore and also an increased 
speed of flow recirculation behind the Shrape Breakwater.   
 
The completion of the presently Fully Consented Scheme is predicted to result in further increases in 
local cross harbour currents of approximately 0.2 m/s or 0.3 m/s, mainly attributable to the extension 
to the Shrape Breakwater and the deeper Eastern Channel.   
 
It is predicted that amendments to the design scheme (Scheme Version 2) will mitigate against some 
of the unfavourable flow features in the consented scheme.  The Shrape Breakwater Extension 
included in this scheme is detached (offset southwards) from the existing Shrape Breakwater, reducing 
the constriction and focusing of the tidal current in the Eastern Channel.  The amended scheme does 
potentially allow flow through the gap between the main Shrape Breakwater and offset Shrape 
Breakwater Extension sections, which is most noticeable at HW-5, where flows through the gap reach 
~0.3 m/s.  A navigational risk should be considered for this situation.  A subsequent navigational 
assessment of the Eastern Channel (not included in this project) is likely to result in minor alterations 
to the final position, depth and alignment of the Eastern ‘Small Craft’ Channel. 
 
The maintenance dredging requirements for the harbour are likely to be similar for the Fully 
Consented Scheme and the Scheme Version 2, as the difference in the Outer Harbour accretion rates 
is less than 1,000 m³/year (for the existing baseline (2013 to 2015) accretion and suspended sediment 
levels).  Both schemes are predicted to cause reductions in accretion in the western marinas, 
particularly in the vicinity of Trinity Landing, as compared to the pre-breakwater situation.  The 
reduction is predicted to be less significant for Scheme Version 2.  Some areas of additional accretion 
are predicted for both schemes, with a particular increase in the rate of accretion behind the Shrape 
Breakwater in the vicinity of the proposed new marina.  This additional accretion is likely to be slightly 
higher for Scheme Version 2.  The influence of marina structures, moored vessels and vessel 
movements on patterns and rates of accretion and erosion within the harbour have not been included 
in the simulation but could be locally significant. 
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1 Introduction 
Following the partial construction of the Cowes Outer Breakwater, ABP Marine Environmental 
Research Ltd (ABPmer) was commissioned by Cowes Harbour Commission (CHC) to develop an 
updated, robust numerical simulation tool (tidal model) for Cowes Harbour.  Now completed, the new 
model has enabled validation of the post breakwater construction baseline hydrodynamic conditions 
and will be used to enable consideration of various design options for development of the harbour 
layout and infrastructure with respect to effects on patterns of currents and accretion.  
 
The construction and performance details of the regional and local aspects of the new model 
(hereafter ‘the new model’ or ‘the model’) are reported separately in:  
 

 English Channel Regional Hydrodynamic Model Calibration (ABPmer, 2015b); 
 Cowes Local Model Hydrodynamic Calibration (ABPmer, 2015c); and 
 Cowes Local Model Sediment Transport Calibration (ABPmer, 2016a). 

 
The overall extent and regional scale bathymetry of the new model are shown in Figure 1. 
 

 

Figure 1. Extent of the new model and regional bathymetry 
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This report details the use of the new model to simulate the various design options for the harbour 
development. 

1.1 Development history 

Cowes Harbour Commission (CHC) has publically committed to providing Cowes and East Cowes with 
a ‘true sheltered harbour’ that will maximise the harbour’s potential and create a catalyst for 
investment to deliver growth in marine services and employment for the benefit of all harbour users 
and stakeholders.  
 
Construction of the new detached Cowes Breakwater for Cowes began in May 2014, the first phase of 
the fully consented scheme shown in Figure 2. 
 

 

Figure 2. General arrangement of the fully consented scheme for Cowes Outer Harbour 

 
The components of the scheme include: 
 

 A new 350 m detached breakwater, the Cowes Outer Breakwater; 
 A 50 m extension to the Shrape Breakwater; 
 Small craft channel dredged to a depth of -3 mCD; and 
 A basin for a new marina at East Cowes with a dredge depth of -2 mCD. 

Western entrance 

Eastern entrance 
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The core of the new Outer Breakwater was constructed first, and then after a 14 month period to allow 
the core material to settle and consolidate the underlying bed material, the breakwater was re-profiled 
and the outer armour placed to provide the finished structure.  The other stages of the development 
have yet to be completed. 
 
In order to demonstrate the influence of the unarmoured breakwater (and the other scheme 
configurations) on tidal patterns compared to the pre breakwater condition, a pre breakwater baseline 
is required.  The baseline chosen for this comparison is the 2014 bathymetry and tidal conditions with 
the breakwater removed.  The influence of other changes that have occurred in the time period 2005 
to 2014, during which the Outer Breakwater was constructed, are examined in a separate report 
(ABPmer, 2016b) and include discussion of the changes in local and regional bathymetry and change 
of the long-term tidal signature. 

1.2 Development objectives 

Since the breakwater construction, a short period of the flood tide currents are favouring the Eastern 
Channel into Cowes Harbour rather than the Western Channel, resulting in a relatively stronger cross-
harbour current in the two hour period prior to high water. This feature is most apparent during 
spring tides and initially caused some navigational concerns for vessels navigating the Main Channel 
at this time and state of the tide. 
 
Harbour users have become accustomed to the new pattern of tidal currents and this familiarity, 
combined with the additional control and safety measures introduced by CHC has moderated these 
initial navigational concerns.  However, one of the primary objectives of this study is to potentially 
reduce this cross-harbour flow or to investigate other measures to mitigate against this perceived 
navigational risk.  Whilst the tidal currents associated with neap tides are important, particularly with 
regard to sediment transport processes, they are of less relevant to navigational issues and are 
therefore not investigated further within this report. 
 
The other primary objective of this study is to investigate strategies to minimise the maintenance 
dredging requirement for the harbour stakeholders and particularly the dredged basin for the new 
marina. 
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2 Hydrodynamic Scheme Tests 
A common tidal condition has been selected for assessment of the hydrodynamic effects of each 
scheme.  The tide selected, is that used for the calibration of the model, and is approximately equal to 
a mean spring tide.  For convenience, data presented in the calibration report (ABPmer, 2015c) is 
repeated below in Figure 3.  The figure illustrates observed tidal water level and current speeds for the 
selected tide for a positon approximately 200 m to the west of the Western Entrance to the harbour.    
 
The figure illustrates the unique features of the tide within the Solent and at Cowes, namely the Young 
Flood Stand and double high water. 
 

 

Figure 3. Observed water level with tidal current speed and direction at the Western 
Entrance to Cowes Harbour on a spring tide 
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2.1 Unarmoured breakwater 

2.1.1 Model setup 

The model was originally set up and calibrated (ABPmer, 2015c) for the conditions pertaining to the 
end of 2014, i.e. only the core of the Outer Breakwater in place.  The form of the breakwater was as 
defined in the Boskalis bathymetric survey of January 2015.  The ends of the unarmoured breakwater 
had become slightly deformed since initial placement due to wave action and for this reason, slightly 
shorter in length and presenting a broader cross-section to the flow, than the design layout. 

2.1.2 Hydrodynamic comparison of pre breakwater and unarmoured breakwater 
conditions 

The introduction of the Outer Breakwater creates two entrances (the western and the eastern 
entrance) to the harbour area.  The balance of tidal currents using these two entrances determines the 
pattern of tidal currents within the harbour, throughout the tidal cycle.  The resulting absolute and 
relative changes in tidal current patterns are illustrated in Figure 4 to Figure 16. 
 
In the early part of the tide the flow outside the harbour, flowing from west to east across the 
entrance, is largely unaffected by the presence of the Outer Breakwater (Figure 4).  As the offshore 
current increases and the estuary begins to flood, slight increases in flow entering the harbour 
through the western entrance are observed as the flow diverts around the breakwater (Figure 5).  At 
HW-4 hrs the offshore current is reducing, but still flowing eastwards with flow now entering the 
harbour through both entrances (Figure 6).  The constriction of current flowing around the Outer 
Breakwater does produce slightly increased flow speeds (~0.1 m/s) adjacent to the breakwater in the 
western entrance and also (~0.2 m/s)  in the area close to Cowes Yacht Haven (CYH). 
 
After HW-3 hrs, the offshore current starts to reverse and flow towards the west, with water entering 
the harbour, increasingly favouring the eastern entrance as the estuary continues to flood.  The 
current entering the harbour through the eastern entrance results in a cross-harbour flow which, as 
time progresses, is perpendicular to the main channel.  These cross-harbour currents reach their peak 
(~1.0 m/s) at HW-1 hr around a point to the east of the main channel, as shown in Figure 9.  The 
cross-harbour tidal current results in increased current speeds, north and south, parallel to the western 
Cowes shore and also a recirculation behind the Shrape Breakwater. 
 
At high water (Figure 10) the offshore current continues flowing towards the west but currents into 
the Medina estuary past the Chain Ferry stops.  The cross-harbour current continues as water flows 
into and then out of the harbour behind the new Outer Breakwater but is reduced in magnitude and 
no longer perpendicular to the main channel. 
 
The tidal patterns within the harbour are largely similar (as compared to the pre-breakwater condition) 
until HW+4 hrs (Figure 14) after the second high water.  After this time the water ebbing out of the 
Medina dominates the flow pattern in the Outer Harbour.  At HW+5 hrs the current tends to favour 
the eastern harbour entrance as compared to the pre breakwater condition.  
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Figure 4. Absolute and difference in tidal currents at HW-6 hrs between a model with the 
unarmoured Outer Breakwater (With Scheme) and a pre breakwater model 
(Without Scheme) with 2014 bathymetry and tides 
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Figure 5. Absolute and difference in tidal currents at HW-5 hrs between a model with the 
unarmoured Outer Breakwater (With Scheme) and a pre breakwater model 
(Without Scheme) with 2014 bathymetry and tides 
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Figure 6. Absolute and difference in tidal currents at HW-4 hrs between a model with the 
unarmoured Outer Breakwater (With Scheme) and a pre breakwater model 
(Without Scheme) with 2014 bathymetry and tides 
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Figure 7. Absolute and difference in tidal currents at HW-3 hrs between a model with the 
unarmoured Outer Breakwater (With Scheme) and a pre breakwater model 
(Without Scheme) with 2014 bathymetry and tides 
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Figure 8. Absolute and difference in tidal currents at HW-2 hrs between a model with the 
unarmoured Outer Breakwater (With Scheme) and a pre breakwater model 
(Without Scheme) with 2014 bathymetry and tides 
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Figure 9. Absolute and difference in tidal currents at HW-1 hr between a model with the 
unarmoured Outer Breakwater (With Scheme) and a pre breakwater model 
(Without Scheme) with 2014 bathymetry and tides 



Cowes Outer Breakwater    Cowes Harbour Commission 

ABPmer, March 2017, R.2609  | 12 

 

Figure 10. Absolute and difference in tidal currents at HW between a model with the 
unarmoured Outer Breakwater (With Scheme) and a pre breakwater model 
(Without Scheme) with 2014 bathymetry and tides 
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Figure 11. Absolute and difference in tidal currents at HW+1 hr between a model with the 
unarmoured Outer Breakwater (With Scheme) and a pre breakwater model 
(Without Scheme) with 2014 bathymetry and tides 
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Figure 12. Absolute and difference in tidal currents at HW+2 hrs between a model with the 
unarmoured Outer Breakwater (With Scheme) and a pre breakwater model 
(Without Scheme) with 2014 bathymetry and tides 
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Figure 13. Absolute and difference in tidal currents at HW+3 hrs between a model with the 
unarmoured Outer Breakwater (With Scheme) and a pre breakwater model 
(Without Scheme) with 2014 bathymetry and tides 
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Figure 14. Absolute and difference in tidal currents at HW+4 hrs between a model with the 
unarmoured Outer Breakwater (With Scheme) and a pre breakwater model 
(Without Scheme) with 2014 bathymetry and tides 
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Figure 15. Absolute and difference in tidal currents at HW+5 hrs between a model with the 
unarmoured Outer Breakwater (With Scheme) and a pre breakwater model 
(Without Scheme) with 2014 bathymetry and tides 
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Figure 16. Absolute and difference in tidal currents at HW+6 hrs between a model with the 
unarmoured Outer Breakwater (With Scheme) and a pre breakwater model 
(Without Scheme) with 2014 bathymetry and tides 
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2.1.3 Unarmoured breakwater hydrodynamic summary 

Some navigational concerns have been expressed for the two hour period before high water when the 
cross-harbour tidal current is at its strongest, with the critical point around one hour before HW 
(Figure 9) when the current is at its greatest and broadly perpendicular to the main channel.  
 
Other significant features of the tidal pattern are the recirculation behind the Shrape Breakwater and 
the flow parallel to the Cowes western shore.  
  



Cowes Outer Breakwater    Cowes Harbour Commission 

ABPmer, March 2017, R.2609  | 20 

2.2 Armoured breakwater 

The final stage of construction of the Outer Breakwater, which was undertaken in 2015, was to place 
the rock armour on the re-profiled core material. 

2.2.1 Model setup 

The model mesh configuration was updated to represent the armoured breakwater (as defined in 
drawing 13101-2-C-03-LY-01), by altering and adding model nodes and adjusting the bathymetry at 
the breakwater location.  The model mesh at the location of the armoured breakwater is shown in 
Figure 17.   
 

 

Figure 17. Model mesh configuration for the armoured Outer Breakwater 

 
Both model configurations (unarmoured and armoured breakwater) were run for the same simulation 
period in January 2014 as above, and model results were analysed for changes resulting from the 
different breakwater layouts. 
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2.2.2 Hydrodynamic comparison of unarmoured and armoured breakwater 

The model results show the re-profiling and armouring on the breakwater does cause some current 
differences, with some areas of increased current speed and some areas of decreased current speed.  
For example the armoured breakwater tends to reduce the magnitude of the current around the 
eastward end of the breakwater, and towards the Shrape breakwater, at most stages of the tide. 
 
The differences to the current in the channel off the western end of the breakwater are more variable 
and can show an increase or decrease depending on location within the channel and with the stage of 
the tide. 
 
Some of the largest changes are seen at HW, HW+3 hours and HW+5 hours.  A selection of tidal 
conditions, Figure 18 to Figure 23, show the difference in flow speed and direction at hourly stages of 
the tide from HW to HW+5 hours.  The figures show absolute and difference in current speed, vector 
arrows and colour contours.  
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Figure 18. Absolute and difference in tidal currents at HW between a model with the 
unarmoured Outer Breakwater (Without Scheme) and a model with the armoured 
Outer Breakwater (With Scheme) with 2014 bathymetry and tides 
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Figure 19. Absolute and difference in tidal currents at HW+1 hr between a model with the 
unarmoured Outer Breakwater (Without Scheme) and a model with the armoured 
Outer Breakwater (With Scheme) with 2014 bathymetry and tides 
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Figure 20. Absolute and difference in tidal currents at HW+2 hrs between a model with the 
unarmoured Outer Breakwater (Without Scheme) and a model with the armoured 
Outer Breakwater (With Scheme) with 2014 bathymetry and tides 
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Figure 21. Absolute and difference in tidal currents at HW+3 hrs between a model with the 
unarmoured Outer Breakwater (Without Scheme) and a model with the armoured 
Outer Breakwater (With Scheme) with 2014 bathymetry and tides 
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Figure 22. Absolute and difference in tidal currents at HW+4 hrs between a model with the 
unarmoured Outer Breakwater (Without Scheme) and a model with the armoured 
Outer Breakwater (With Scheme) with 2014 bathymetry and tides 
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Figure 23. Absolute and difference in tidal currents at HW+5 hrs between a model with the 
unarmoured Outer Breakwater (Without Scheme) and a model with the armoured 
Outer Breakwater (With Scheme) with 2014 bathymetry and tides 
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2.2.3 Armoured breakwater hydrodynamic summary  

The simulation results confirm that the pattern of currents in the harbour area is relatively sensitive to 
small changes in flow velocity and volumes entering the harbour through the new eastern entrance. 
 
The differences between the unarmoured and armoured breakwater are primarily that the armoured 
breakwater: 
 

 Extends further at the western end; and 
 Is narrower in profile at the eastern end of the breakwater. 

 
The latter slightly reduces the restriction to flow entering via the eastern harbour entrance, resulting in 
slightly higher current velocities adjacent to the west Cowes shore, for particular states of tide.  The 
former, the extension of the western end of the breakwater, constricts the flow leaving through the 
western entrance with the same resulting effect. 
 
Overall however, the effects of the armoured breakwater compared to the deformed unarmoured 
breakwater are limited in magnitude across the larger area. 
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2.3 Armoured breakwater, small craft channel and new 
marina dredge 

This scheme represents an intermediate step to the currently fully consented scheme.  The primary 
reason for this test is to understand the separate influence of the dredging and Shrape Breakwater 
extension in isolation, as components of the fully consented scheme. 

2.3.1 Model setup 

The model mesh, previously configured to simulate the armoured breakwater, was amended to 
include: 
 

 The new dredged eastern Small Craft Channel (Dredged depth -3 m CD); and 
 The dredged basin (Dredged depth -2 m CD); 

 
The model did not include the Shrape Breakwater Extension (Point E1:  449679.0, 96372.6). 
 
The general arrangement of these dredge areas is as shown in Figure 2 with the resulting mesh 
configuration shown in Figure 24. 
  

 

Figure 24. Model mesh amendments to include the fully consented scheme dredge, but 
excluding the Shrape Breakwater Extension 
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The dredge extents are as specified in the Atkins Drawing 5114151/C1/001 rev3 with clarifications on 
design provided by Marina Projects.  Amendments to the mesh (previously configured to represent 
the existing 2015 armoured Outer Breakwater with 2014 bathymetry) were mainly restricted to the 
depth of the bathymetry but some changes to cell node positions were made to better represent the 
required scheme form, and particularly the alignment of cells to more closely represent the Shrape 
Breakwater Extension (although not included at this time).   
The mesh cells were not amended to include each demarcation of slope, to maximise the consistency 
of simulation results and mesh resolution. 

2.3.2 Comparison of armoured breakwater and currently consented dredge 
scheme 

Both model configurations were run for the same simulation period in January 2014, and model 
results were analysed for differences resulting from the introduction of the dredged areas, as 
compared to the armoured Outer Breakwater. 
 
The model results are shown in Figure 25 to Figure 37 as, absolute and difference in current speed, 
vector arrows and colour contour plots.  
 
In general, the overall pattern of tidal currents are largely unaffected by the introduction of the 
dredged areas.  However, the Scheme has two general effects: 
 

 Reduction in the restriction to tidal currents into, and out of, the new Eastern entrance, 
resulting in slightly more water entering and leaving the harbour through this entrance; and 

 Reduced current speeds in the newly dredged areas for some periods, particularly the periods 
around slack water. 

 
These hydrodynamic effects are most noticeable at one hour before high water (HW-1 hr), as shown in 
Figure 30, although similar effects on the currents can be observed for the majority of the tidal cycle.   
 
By comparison to the armoured Breakwater conditions, the cross-harbour tidal current is increased 
slightly for the three hours prior to high water and again at HW+3 hrs.  The maximum, very local, 
increase in cross harbour flow is approximately 0.2 m/s.  This difference is limited in extent, but does 
result in increased current speeds north along the western shore, at this time (HW-1 hr).  At HW-1 hr, 
there is also a slight decrease in cross-harbour current slightly further south, towards the point of flow 
divergence, i.e. indicating the cross-harbour flow has been slightly offset to the north. 
 
The reduction in flow speeds in the newly dredged areas is most easily observed in Figure 36, HW+5 
hrs.  The increased depth has resulted in slower current speeds, shown as grey and blue in the figure.  
These areas of reduced current speed approximately match the line of the Small Craft Channel and the 
areas where bed material has been removed for the new marina.  Changes in flow speed in the new 
marina area are also evident at HW-1 hr and HW where flow speed reduces more quickly for the high 
water slack period.  This reduction in flow speed may be significant for accretion rates in these areas. 
 



Cowes Outer Breakwater    Cowes Harbour Commission 

ABPmer, March 2017, R.2609  | 31 

 

Figure 25. Absolute and difference in tidal currents at HW-6 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Small Craft 
Channel and Marina Dredge (With Scheme) with 2014 bathymetry and tides 
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Figure 26. Absolute and difference in tidal currents at HW-5 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Small Craft 
Channel and Marina Dredge (With Scheme) with 2014 bathymetry and tides 
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Figure 27. Absolute and difference in tidal currents at HW-4 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Small Craft 
Channel and Marina Dredge (With Scheme) with 2014 bathymetry and tides 
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Figure 28. Absolute and difference in tidal currents at HW-3 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Small Craft 
Channel and Marina Dredge (With Scheme) with 2014 bathymetry and tides 
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Figure 29. Absolute and difference in tidal currents at HW-2 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Small Craft 
Channel and Marina Dredge (With Scheme) with 2014 bathymetry and tides 
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Figure 30. Absolute and difference in tidal currents at HW-1 hr between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Small Craft 
Channel and Marina Dredge (With Scheme) with 2014 bathymetry and tides 



Cowes Outer Breakwater    Cowes Harbour Commission 

ABPmer, March 2017, R.2609  | 37 

 

Figure 31. Absolute and difference in tidal currents at HW between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Small Craft 
Channel and Marina Dredge (With Scheme) with 2014 bathymetry and tides 
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Figure 32. Absolute and difference in tidal currents at HW+1 hr between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Small Craft 
Channel and Marina Dredge (With Scheme) with 2014 bathymetry and tides 
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Figure 33. Absolute and difference in tidal currents at HW+2 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Small Craft 
Channel and Marina Dredge (With Scheme) with 2014 bathymetry and tides 
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Figure 34. Absolute and difference in tidal currents at HW+3 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Small Craft 
Channel and Marina Dredge (With Scheme) with 2014 bathymetry and tides 
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Figure 35. Absolute and difference in tidal currents at HW+4 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Small Craft 
Channel and Marina Dredge (With Scheme) with 2014 bathymetry and tides 
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Figure 36. Absolute and difference in tidal currents at HW+5 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Small Craft 
Channel and Marina Dredge (With Scheme) with 2014 bathymetry and tides 
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Figure 37. Absolute and difference in tidal currents at HW+6 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Small Craft 
Channel and Marina Dredge (With Scheme) with 2014 bathymetry and tides 
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2.3.3 Consented dredge scheme hydrodynamic summary  

The increased depth of the Small Craft Channel in the new eastern entrance to the harbour reduces 
the restriction to currents entering the harbour and thereby increases, but also potentially offsets to 
the north, the cross-harbour current at the critical period of HW-1 hr. 
 
During slack water periods the influence of the dredged areas is most noticeable by a further 
reduction of the already reduced current speeds. 
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2.4 Fully consented scheme 

The primary reason for this test is to understand the influence of the dredging and Shrape Breakwater 
extension in isolation, as components of the currently fully consented scheme. 

2.4.1 Model configuration for the fully consented scheme 

The model mesh was not amended from that configured for the consented dredge scheme, but the 
properties of the appropriate cell boundaries were changed to simulate the Shrape Breakwater 
Extension (Figure 24, Point E1:  449679.0, 96372.6). 

2.4.2 Comparison of armoured breakwater and the fully consented scheme 

Both model configurations were run for a simulation period in January 2014, and model results were 
analysed for differences resulting from the introduction of the Consented Scheme layout as compared 
to the armoured Outer Breakwater. 
 
The model results are shown in Figure 38 to Figure 50 as absolute and difference in current speed, 
vector arrows and colour contours.  The figures include a representation of the Shrape Breakwater 
Extension, shown in purple. 
 
The Scheme has three general effects: 
 

 Alterations to the position and speed of the recirculation behind (to the south of) the Shrape 
Breakwater; 

 Changes to the restriction of tidal flow into, and out of, the new eastern entrance; and 
 Reduced flow speeds in the newly dredged areas for some periods, particularly the period 

around low water. 
 

These hydrodynamic effects are most noticeable at one hour before high water (HW-1 hr), as shown in 
Figure 43, although similar effects on the currents can be observed for the majority of the tidal cycle.   
 
The extension to the Shrape Breakwater has the effect of increasing the size of the recirculation 
behind the breakwater, by moving the circulation edge further west.  By comparison to the armoured 
breakwater conditions, the tidal circulation in this area (the western edge of the recirculation) has 
been reduced, as is indicated by the blue shading.  The repositioning of this recirculation also has the 
effect of slightly concentrating the flow to the north west of the circulation. 
  
By comparison to the previous scheme test (Section 2.3) it can be seen that the extension to the 
Shrape Breakwater has little effect on restricting and controlling the tidal flows entering the harbour 
through the new eastern entrance.  The opposite is the case, in that, the increased flow entering the 
harbour because of the increased depth of the Small Craft channel is concentrated by the Shrape 
Breakwater extension resulting in higher cross-harbour currents, at this critical state of the tide. 
 
The combination of the dredged Small Craft Channel and the Shrape Breakwater Extension, results in 
locally increased cross harbour currents of approximately 0.2 m/s or 0.3 m/s.  This difference does not 
extend across the full width of the harbour, but does result in increased flow speeds north and south 
along the western shore, at this time (HW-1 hr).  
 
The reduction in flow speeds in the newly dredged areas is again most easily observed in Figure 49, 
HW+5 hrs.  The increased depth has resulted in slower current speeds, shown as grey in the figure.  
These areas of reduced current speed approximately match the line of the Small Craft Channel and the 
areas where bed material has been removed for the new marina. 



Cowes Outer Breakwater    Cowes Harbour Commission 

ABPmer, March 2017, R.2609  | 46 

 

Figure 38. Absolute and difference in tidal currents at HW-6 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Fully 
Consented Scheme (With Scheme) with 2014 bathymetry and tides 
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Figure 39. Absolute and difference in tidal currents at HW-5 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Fully 
Consented Scheme (With Scheme) with 2014 bathymetry and tides 
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Figure 40. Absolute and difference in tidal currents at HW-4 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Fully 
Consented Scheme (With Scheme) with 2014 bathymetry and tides 
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Figure 41. Absolute and difference in tidal currents at HW-3 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Fully 
Consented Scheme (With Scheme) with 2014 bathymetry and tides 
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Figure 42. Absolute and difference in tidal currents at HW-2 hrs between a model with the 
armoured outer Breakwater (Without Scheme) and a model with the Fully 
Consented Scheme (With Scheme) with 2014 bathymetry and tides 
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Figure 43. Absolute and difference in tidal currents at HW-1 hr between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Fully 
Consented Scheme (With Scheme) with 2014 bathymetry and tides 



Cowes Outer Breakwater    Cowes Harbour Commission 

ABPmer, March 2017, R.2609  | 52 

 

Figure 44. Absolute and difference in tidal currents at HW between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Fully 
Consented Scheme (With Scheme) with 2014 bathymetry and tides 
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Figure 45. Absolute and difference in tidal currents at HW+1 hr between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Fully 
Consented Scheme (With Scheme) with 2014 bathymetry and tides 
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Figure 46. Absolute and difference in tidal currents at HW+2 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Fully 
Consented Scheme (With Scheme) with 2014 bathymetry and tides 
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Figure 47. Absolute and difference in tidal currents at HW+3 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Fully 
Consented Scheme (With Scheme) with 2014 bathymetry and tides 



Cowes Outer Breakwater    Cowes Harbour Commission 

ABPmer, March 2017, R.2609  | 56 

 

Figure 48. Absolute and difference in tidal currents at HW+4 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Fully 
Consented Scheme (With Scheme) with 2014 bathymetry and tides 
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Figure 49. Absolute and difference in tidal currents at HW+5 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Fully 
Consented Scheme (With Scheme) with 2014 bathymetry and tides 
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Figure 50. Absolute and difference in tidal currents at HW+6 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and a model with the Fully 
Consented Scheme (With Scheme) with 2014 bathymetry and tides 
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2.4.3 Comparison of pre breakwater conditions and the fully consented scheme 

The previous sections, 2.1 to 2.4.2, have examined the constituent components of the fully consented 
scheme.  This section provides a comparison of the whole development with the pre breakwater 
condition, with 2014 bathymetry and tides.  This comparison uses the model setups reported earlier. 
 
A number of scheme optimisation options are under consideration and it is intended that assessment 
of these future options will be relative to this fully consented scheme. 
 
The absolute and relative changes in tidal current patterns are illustrated in Figure 51 to Figure 63.  
Similar tidal patterns can be observed to that noted earlier for the pre breakwater and armoured 
breakwater comparison in Section 2.1.2. 
 
In the early part of the tide, until HW-4 hrs, the flow outside the harbour, flowing from west to east 
across the entrance, is largely unaffected by the presence of the Outer Breakwater.  At HW-4 hrs 
(Figure 53) water entering the harbour through the eastern entrance to flood the upper estuary is 
diverted slightly by the presence of the Shrape Breakwater extension and the Outer Breakwater.  There 
is a brief period of reduced currents, the Young Flood Stand, around HW-3 hrs (Figure 54).  
 
After HW-3 hrs the offshore tidal current flows towards the west.  Water entering the harbour, as the 
estuary continues to flood, increasingly favours the eastern entrance.  The current entering the 
harbour through the eastern entrance results in the previously noted cross-harbour currents.  These 
cross-harbour currents reach their peak (~1.1 m/s) at HW-1 hr around a point to the east of the main 
channel, as shown in Figure 56.  The magnitude of the cross-harbour current dissipates relatively 
quickly within the Main Channel but results in increased flow speeds, north and south, parallel to the 
western Cowes shore and also a recirculation behind the Shrape Breakwater.  The extension to the 
Shrape Breakwater offsets this recirculation to the west and concentrates the current entering through 
the eastern entrance. 
 
After high water the offshore current continues flowing towards the west with the resulting cross-
harbour flow continuing as water flows into and then out of the harbour behind the new Outer 
Breakwater.  Current speeds reach their maximum (~0.9 m/s and close to the breakwater ~1.0 m/s) for 
this tidal configuration at around HW+2 hrs (Figure 59) with presence of the Shrape Breakwater 
extension acting to concentrate this current.  It should be noted here that the current at this point is 
perpendicular to the Small Craft Channel. 
 
The tidal patterns within the harbour are largely similar until HW+4 hrs (Figure 61) after the second 
high water.  After this time the water ebbing out of the Medina dominates the flow pattern in the 
Outer Harbour.  At HW+5 hrs (Figure 62) the current tends to favour the eastern harbour entrance as 
compared to the pre breakwater condition, although the presence of the Shrape Breakwater extension 
reduces this apparent difference when compared to the Outer Breakwater only condition (Figure 15).  
The increased depth in the area of the new Victoria Marina reduces current velocities adjacent to the 
Shrape Breakwater. 
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Figure 51. Absolute and difference in tidal currents at HW-6 hrs between a model with no 
Outer Breakwater (Without Scheme) and a model with the Fully Consented Scheme 
(With Scheme) with 2014 bathymetry and tides 
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Figure 52. Absolute and difference in tidal currents at HW-5 hrs between a model with no 
Outer Breakwater (Without Scheme) and a model with the Fully Consented Scheme 
(With Scheme) with 2014 bathymetry and tides 
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Figure 53. Absolute and difference in tidal currents at HW-4 hrs between a model with no 
Outer Breakwater (Without Scheme) and a model with the Fully Consented Scheme 
(With Scheme) with 2014 bathymetry and tides 
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Figure 54. Absolute and difference in tidal currents at HW-3 hrs between a model with no 
Outer Breakwater (Without Scheme) and a model with the Fully Consented Scheme 
(With Scheme) with 2014 bathymetry and tides 
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Figure 55. Absolute and difference in tidal currents at HW-2 hrs between a model with no 
Outer Breakwater (Without Scheme) and a model with the Fully Consented Scheme 
(With Scheme) with 2014 bathymetry and tides 
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Figure 56. Absolute and difference in tidal currents at HW-1 hr between a model with no 
Outer Breakwater (Without Scheme) and a model with the Fully Consented Scheme 
(With Scheme) with 2014 bathymetry and tides 
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Figure 57. Absolute and difference in tidal currents at HW between a model with no Outer 
Breakwater (Without Scheme) and a model with the Fully Consented Scheme (With 
Scheme) with 2014 bathymetry and tides 
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Figure 58. Absolute and difference in tidal currents at HW+1 hr between a model with no 
Outer Breakwater (Without Scheme) and a model with the Fully Consented Scheme 
(With Scheme) with 2014 bathymetry and tides 
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Figure 59. Absolute and difference in tidal currents at HW+2 hrs between a model with the no 
Outer Breakwater (Without Scheme) and a model with the Fully Consented Scheme 
(With Scheme) with 2014 bathymetry and tides 
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Figure 60. Absolute and difference in tidal currents at HW+3 hrs between a model with the no 
Outer Breakwater (Without Scheme) and a model with the Fully Consented Scheme 
(With Scheme) with 2014 bathymetry and tides 
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Figure 61. Absolute and difference in tidal currents at HW+4 hrs between a model with the no 
Outer Breakwater (Without Scheme) and a model with the Fully Consented Scheme 
(With Scheme) with 2014 bathymetry and tides 
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Figure 62. Absolute and difference in tidal currents at HW+5 hrs between a model with the no 
Outer Breakwater (Without Scheme) and a model with the Fully Consented Scheme 
(With Scheme) with 2014 bathymetry and tides 
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Figure 63. Absolute and difference in tidal currents at HW+6 hrs between a model with the no 
Outer Breakwater (Without Scheme) and a model with the Fully Consented Scheme 
(With Scheme) with 2014 bathymetry and tides 
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2.4.4 Fully consented scheme hydrodynamic summary  

The introduction of the Outer Breakwater creates two entrances to the harbour area.  The balance of 
tidal currents using these two entrances determines the pattern of tidal currents within the harbour, 
throughout the tidal cycle.  
 
There are three general tidal current configurations that can be observed in the figures provided, 
which are typical of a mean spring tide: 
 

 peak flood at HW-1 hr; 
 peak ebb at HW+2 hrs; and 
 low water ebb at HW+5 hrs. 
 

The peak flood is the period when the cross-harbour flows have the maximum influence on navigation 
in the main channel.  The cross-harbour flows have been shown to be sensitive to the depth of the 
Small Craft Channel and the presence of the Shrape Breakwater extension, with the fully consented 
scheme resulting in some increase in cross harbour flow.  The influence of the Shrape Breakwater 
extension also slightly displaces the recirculation pattern behind the Shrape Breakwater to the west. 
 
The peak ebb is the period when navigation into the eastern entrance is likely to be most influenced 
by the tidal current. 
 
Other flow configurations will have importance for determining sediment transport patterns which are 
presented in Section 3. 
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2.5 Scheme Version 2, offset Shrape breakwater extension 

The objective of this variation to the scheme design is to: 
 

 Mitigate against unfavourable flow features introduced by the fully consented scheme. 
 Quantify the sensitivity of the hydrodynamics within the harbour to variability in dredge 

extents and Shrape Breakwater extension position. 

2.5.1 Model configuration for Scheme Version 2 

The Shrape extension included in this scheme is detached (offset southwards) from the existing 
Shrape Breakwater. The structure was implemented in the model as closed gate with a geometry 
which extends through the full water column at all states of the tide.  To ensure the Shrape extension 
is orientated due East-West some cells were modified as required to provide a line of cell faces for the 
structure alignment (Figure 64). The implemented breakwater structure is ~60 m long (UTM30N 
coordinates 620459.928, 5625015.534 and 620401.163, 5625014.177) and utilizes 5 cell faces. The 
distance between the end of the existing shape and the extension is ~30 m or 2 cell faces.  The 
breakwater structure (gate) has effectively no width and does not affect flow passing along the length 
of the breakwater. 
 

 

Figure 64. Arrangement of the model Shrape breakwater extension for Cowes Harbour 
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The capital dredging associated with the new scheme can be split into three dredging areas with each 
area being characterised by dredge depth. The eastern channel area is dredged to a depth of -
2.25 mCD. The area behind the existing Shrape Breakwater (B1) and the area adjacent to the main 
fairway (B2) were also dredged to this depth. Various locations along the edge of the main fairway are 
dredged to -3.00 mCD (C, E, Fa and Fb) and the area south of the Outer Breakwater is dredged 
to -1.5 mCD (D). The extents of the dredge areas are plotted in Figure 65 as presented in Table 1. 
 

Table 1. Specification of dredge areas 

Dredge Id Dredge Area 
Depth 
(mCD/mMSL) 

Northing 
(UTM30N) 

Easting 
(UTM30N) 

B1 Eastern Channel 
Cowes Triangle 

(-2.25/-4.92) 620343.005 5624901.586 
620391.334 5625015.496 
620397.388 5625007.909 
620460 5625012.446 
620521.009 5625001.494 

B2 Eastern Channel 
Connection to Inner Fairway 

(-2.25/-4.92) 620232.24 5624945.386 
620279.324 5624943.381 
620336.524 5624842.722 
620320.105 5624789.809 

C Main Fairway 
Straightening Fairway 

(-3/-5.67) 620051.185 5625318.222 
620068.814 5625318.628 
620247.982 5624942.658 
620232.24 5624945.386 

E Main Fairway 
Connect Fairway with Marina 

(-3/-5.67) 620320.105 5624789.809 
620336.524 5624842.722 
620477.466 5624595.666 
620458.162 5624582.86 

Fa Main Fairway 
No 1 Buoy bank 

(-3/-5.67) 619793.549 5625426.019 
619903.677 5625443.383 
619910.107 5625419.426 
619835.745 5625380.635 

Fb Main Fairway 
Off RYS and Trinity landing 

(-3/-5.67) 619886.425 5625324.321 
619919.91 5625351.049 
620058.408 5625157.697 
620072.725 5625148.756 

D Mooring Field South of Breakwater 
Mooring Area South of Breakwater 

(-1.5/-4.17) 620085.408 5625278.838 
620384.705 5625217.753 
620349.626 5625124.237 
620138.897 5625168.821 
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Figure 65. Dredge Extents for proposed scheme. Green areas to be dredged -2.25 mCD, 
orange areas to be dredged -3.0 mCD and red areas to be dredged -1.5 mCD 

 
Relative to the previous consented scheme; the new scheme has a reduced dredged depth in the 
small craft channel and additional dredged areas behind the Shrape and Outer Breakwater. The 
dredged areas are implemented into the model through the manual editing of the depth values 
assigned to the model mesh. The cells were not amended to include each demarcation of slope, to 
maximise the consistency of simulation results with the fully consented scheme. 
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2.5.2 Comparison of the fully consented scheme and the Scheme Version 2 

Both model configurations were run for a simulation period in January 2014, and model results were 
analysed for differences resulting from the introduction of the Scheme Version 2 layout as compared 
to the Consented Scheme. 
 
The model results are shown in Figure 66 to Figure 78 as absolute and difference in current speed, 
vector arrows and colour contours.  The figures include a representation of the Shrape Breakwater 
Extension, shown in purple. 
 
The Scheme has three general effects: 
 

 Alterations to the position and speed of the recirculation behind (to the south of) the Shrape 
Breakwater, to more closely match that identified for the Outer Breakwater only condition; 

 The amended Eastern Channel depth has had a corresponding restriction of tidal flow into, 
and out of, the new eastern entrance; 

 The flow entering the through the eastern entrance is deflected slightly north to provide a 
broader band of flow at HW-1; and 

 Flow speeds in the Main Channel are reduced slightly at HW-1. 
 
Between HW-4 and HW water enters the harbour through the Eastern entrance.  During this period, 
high current speeds cross the harbour originating from the end of the existing Shrape Breakwater.  
The consented Shrape Breakwater extension directed flows westerly concentrating the effect of the 
cross harbour flows.  The offset Shrape Breakwater extension reduces this effect.  The magnitude of 
the cross harbour flow observed with Scheme Version 2 is within 0.05 m/s of the Outer Breakwater 
only flows in most locations.  The contribution of each of the various dredge components to these 
overall changes cannot be quantified without additional testing. 
 
The offset Shrape Breakwater extension potentially allows flow through the gap between the 
breakwater sections.  This is most noticeable at HW-5 where flows through the gap reach ~0.3 m/s.  
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Figure 66. Absolute and difference in tidal currents at HW-6 hrs between a model with the 
previously consented scheme and the Scheme Version 2 
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Figure 67. Absolute and difference in tidal currents at HW-5 hrs between a model with the 
previously consented scheme and Scheme Version 2 
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Figure 68. Absolute and difference in tidal currents at HW-4 hrs between a model with the 
previously consented scheme and Scheme Version 2 
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Figure 69. Absolute and difference in tidal currents at HW-3 hrs between a model with the 
previously consented scheme and Scheme Version 2 



Cowes Outer Breakwater    Cowes Harbour Commission 

ABPmer, March 2017, R.2609  | 82 

 

Figure 70. Absolute and difference in tidal currents at HW-2 hrs between a model with the 
previously consented scheme and Scheme Version 2 
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Figure 71. Absolute and difference in tidal currents at HW-1 hrs between a model with the 
previously consented scheme and Scheme Version 2 
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Figure 72. Absolute and difference in tidal currents at HW hrs between a model with the 
previously consented scheme and Scheme Version 2 
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Figure 73. Absolute and difference in tidal currents at HW+1 hrs between a model with the 
previously consented scheme and Scheme Version 2 
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Figure 74. Absolute and difference in tidal currents at HW+2 hrs between a model with the 
previously consented scheme and Scheme Version 2 
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Figure 75. Absolute and difference in tidal currents at HW+3 hrs between a model with the 
previously consented scheme and Scheme Version 2 
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Figure 76. Absolute and difference in tidal currents at HW+4 hrs between a model with the 
previously consented scheme and Scheme Version 2 
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Figure 77. Absolute and difference in tidal currents at HW+5 hrs between a model with the 
previously consented scheme and Scheme Version 2 



Cowes Outer Breakwater    Cowes Harbour Commission 

ABPmer, March 2017, R.2609  | 90 

 

Figure 78. Absolute and difference in tidal currents at HW+6 hrs between a model with the 
previously consented scheme and Scheme Version 2 
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2.5.3 Comparison of armoured breakwater and Scheme Version 2 

To facilitate comparison between the amended scheme layout (Scheme Version 2) and the flow 
condition with armoured Outer Breakwater only, the three most significant times in the tidal cycle 
(HW-1, +2 and +5) are shown in Figure 79 to Figure 81. 
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Figure 79. Absolute and difference in tidal currents at HW-1 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and Scheme Version 2 
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Figure 80. Absolute and difference in tidal currents at HW+2 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and Scheme Version 2 
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Figure 81. Absolute and difference in tidal currents at HW+5 hrs between a model with the 
armoured Outer Breakwater (Without Scheme) and Scheme Version 2 
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2.5.4 Scheme Version 2, hydrodynamic summary 

The introduction of the Scheme Version 2 creates similar patterns of flow to that described for the 
Outer Breakwater alone. However, flow speeds in the Main Channel are reduced slightly and deflected 
slightly north to provide a broader band of flow at HW-1, compared to the armoured breakwater 
condition. 
 
Flow between the Shrape Breakwater and the detached breakwater extension is generally low, but 
navigational risk should be considered for flows for the period HW+5 
 
The influence of these tidal patterns on sediment transport is presented in Section 3. 
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3 Sediment Transport Scheme Tests 

3.1 Introduction 

The conceptual understanding and approach used to simulate the sediment transport regime within 
Cowes Harbour is detailed in the Cowes Outer Harbour Sedimentation Review (ABPmer, 2015a) and 
the Cowes Local Model Sediment Transport Calibration (ABPmer, 2016a).  
 
Part of the calibration process included analysis of accretion rates for various areas of the harbour, 
based on survey and dredging records.  The areas used for this analysis are shown in Figure 82 and 
were defined to reflect: 
 

 harbour stakeholders maintenance dredging responsibilities;  
 areas where survey information is available; and 
 where historically, accretion has occurred. 

 
When considering sediment transport and the prediction of likely accretion rates, it is important to 
note that these predictions are relative to a baseline or normal accretion level.  Various factors may 
affect this baseline level in the future, for instance, increased suspended sediments in the Solent may 
serve to increase the baseline level of accretion in the Medina. 
 
In presenting the results of the sediment transport scheme tests, all plots are cropped to include 
Cowes Harbour as far south as the Chain Ferry.  The results of the scheme tests confirm the previous 
understanding (ABPmer, 2015a) that the effects of the scheme, both hydrodynamic effects and 
therefore sediment transport effects, are limited to the area north of the Chain Ferry.   The narrowing 
of the estuary at the point of the Chain Ferry effectively creates a process divide at this location. 
 
The reader should note that vessel traffic cannot be included in the modelling and so rates of 
accretion in areas where there is significant vessel traffic (for instance, the Main Fairway and ferry 
terminal areas) may result in local variations from that predicted by modelling alone.  This is because 
vessel movements are likely to provide a stirring action to sediments on or near the bed, reducing the 
propensity of those sediments to settle or consolidate in that location.  
 
ABPmer 2015a details uncertainty in the rates of net accretion or erosion provided by the bed level 
difference between the various survey data.  In summary, the key sources of uncertainty in the 
accretion rates calculated from the surveys are: 
 
The minimum vertical accuracy of the surveys is 200 mm, meaning that the minimum vertical accuracy 
in the calculation of bed level change between adjacent surveys is 400 mm; 

 
The surveys provide the means to calculate the net difference in bed level between adjacent surveys; 
however, the calculated difference is not entirely due to natural processes of accretion or erosion. In 
reality, the various harbour stakeholders regularly carry out bed levelling or dredging.  Whilst these 
dredging volumes have been included in the accretion calculation, they will not only affect the level of 
the bed as surveyed, but will also affect the natural processes leading to erosion or accretion.  This 
leads to a high degree of uncertainty in the rates of net accretion or erosion provided by the various 
surveys.  This uncertainty is greatest in those marinas which undertake the most bed levelling or 
dredging, i.e. Cowes Yacht Haven; 
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The surveys provide a snapshot of the bed level in time.  The calculated change in bed level between 
adjacent surveys can only be considered as a net change, since the surveys provide no indication of 
the variability in bed level that may occur between surveys.  Furthermore, the precise time at which 
the survey is taken may have an effect on the bed level that is measured by that survey, because the 
measurements may be subject to processes such as relatively high storminess in the period prior to 
the survey; and 

 
Uncertainty in the accretion rates with in the marina areas are also likely to result from inconstant or 
incomplete survey coverage due to the presence of moored vessels.  These vessels and other marina 
infrastructure (pontoons, half height wave screens, etc.) cannot be fully replicated within the modelling 
process, again with some resulting uncertainty in the results obtained.  
 

 

Figure 82. Accretion analysis areas 
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3.2 Sediment transport comparison of pre breakwater and 
unarmoured breakwater conditions 

Figure 83 presents the results of the sediment transport simulation of the 2014 core breakwater 
scenario (middle pane), compared to the 2014 no breakwater scenario (top pane).  The results are 
based on the simulation of a single spring, neap cycle but are presented in the figure as an annualised 
sedimentation rate (mm/year).   
 
In the top and middle panes, areas of the harbour coloured yellow or red represent areas of accretion, 
whilst those shaded grey or blue represent areas of erosion.   
 
The bottom pane of Figure 83 presents the predicted net difference in accretion or erosion between 
the 2014 core breakwater scenario and the 2014 no breakwater scenario.  This effectively presents the 
change to the baseline (where the baseline is defined as the 2014 no breakwater scenario) that is 
predicted to occur with the implementation of the 2014 core breakwater, based on 2014 tidal 
conditions and bathymetry.  Areas of the harbour coloured yellow or red represent areas of relatively 
higher rates of accretion (more accretion or less erosion due to the effect of the breakwater as 
compared to the pre breakwater situation), whilst those shaded grey or blue represent areas with 
lower rates of accretion (less accretion or more erosion due to the effect of the breakwater as 
compared to the pre breakwater situation). 
 
The key effects of the 2014 core breakwater are predicted by the model as: 
 

 A broadly neutral influence on total harbour sedimentation; 
 A reduction in accretion in the western marinas (indicated as areas of blue and grey), 

particularly in the vicinity of Trinity Landing; 
 An increase in accretion behind the Shrape Breakwater, in the vicinity of the proposed new 

marina, and; 
 Minor increases in accretion adjacent to the southern side of the new breakwater (indicated as 

red and yellow areas). 
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Figure 83. Sediment transport simulation, absolute and difference, for a model with and 
without the unarmoured Outer Breakwater using the calibration sediment baseline 
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3.3 Sediment transport comparison of pre breakwater 
conditions and the fully consented scheme  

Figure 84 presents the results of the sediment transport simulation of the 2014 full scheme scenario 
(middle pane), compared to the 2014 no breakwater scenario (top pane).  
 
The lower pane in Figure 84 is similar to that described earlier, areas of the harbour coloured yellow or 
red represent areas of relatively higher rates of accretion (more accretion or less erosion due to the 
effect of the scheme as compared to the pre breakwater situation), whilst those shaded grey or blue 
represent areas with lower rates of accretion (less accretion or more erosion due to the effect of the 
scheme as compared to the pre breakwater situation). 
 
The bottom pane of Figure 84 presents the predicted net difference in accretion or erosion between 
the 2014 full scheme scenario and the 2014 no breakwater scenario. This effectively presents the 
change to the baseline (where the baseline is defined as the 2014 no breakwater scenario) that is 
predicted to occur with the implementation of the full scheme, based on 2014 tidal conditions and 
bathymetry. 
 
The key effects of the full scheme are predicted by the model as: 
 

 An overall reduction in accretion in the western marinas (indicated as areas of blue and grey), 
particularly in the vicinity of Trinity Landing; 

 An increase in accretion behind the Shrape Breakwater (indicated as areas of red and yellow), 
in the vicinity of the proposed new marina. In particular, the dredging of the new marina is 
predicted to attract some infilling of sediments, and; 

 Minor increases in accretion adjacent to the southern side of the new breakwater. 
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Figure 84. Sediment transport simulation, absolute and difference, for a model without the 
Outer Breakwater and a model with the fully consented scheme, using the 
calibration sediment baseline 
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3.4 Sediment transport comparison of pre breakwater 
conditions and the Scheme Version 2  

Figure 85 presents the results of the sediment transport simulation of the 2014 Scheme Version 2 
scenario (middle pane), compared to the 2014 no breakwater scenario (top pane). 
 
The lower pane in Figure 85 is similar to that described earlier, areas of the harbour coloured yellow or 
red represent areas of relatively higher rates of accretion (more accretion or less erosion due to the 
effect of the scheme as compared to the pre breakwater situation), whilst those shaded grey or blue 
represent areas with lower rates of accretion (less accretion or more erosion due to the effect of the 
scheme as compared to the pre breakwater situation). 
 
The bottom pane of Figure 85 presents the predicted net difference in accretion or erosion between 
the 2014 Scheme Version 2 scenario and the 2014 no breakwater scenario. This effectively presents 
the change to the baseline (where the baseline is defined as the 2014 no breakwater scenario) that is 
predicted to occur with the implementation of the new scheme, based on 2014 tidal conditions and 
bathymetry. 
 
The effects on harbour sedimentation are similar to that described for the full scheme, namely: 
 

 An overall reduction in accretion in the western marinas (indicated as areas of blue and grey), 
particularly in the vicinity of Trinity Landing, although this is a less significant reduction 
compared to the fully consented scheme; 

 Small areas of relatively more accretion in the western marinas shown in full scheme have 
further increased slightly with the new scheme. 

 An increase in accretion behind the Shrape Breakwater (indicated as areas of red and yellow), 
in the vicinity of the proposed new marina. This is very similar to the full scheme but does 
shown some additional increase, and; 

 Minor further increases in accretion adjacent to the southern side of the new breakwater. 
 

The effect on wave activity (and associated changes in sedimentation) of relocating the Shrape 
Breakwater extension have not been simulated in these scenario tests.  Therefore sedimentation in the 
immediate vicinity in front of the breakwater extension is likely to be overestimated. 
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Figure 85. Sediment transport simulation, absolute and difference, for a model without the 
Outer Breakwater and a model with the Scheme Version 2, using the calibration 
sediment baseline 
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3.5 Predicted accretion rates  

Table 2 presents the rates of additional accretion (compared to the baseline) predicted by the model 
for each of the areas defined in Figure 82, as a rate of bed level change, and as a volume change. 
These predictions have been adjusted on the basis of the observed rates of accretion in the period 
2013 to 2015 in each of the harbour areas. 
 
To obtain the most realistic estimates of future rates of local accretion in the previously identified 
discrete areas within the Outer Harbour, the observed net accretion rates for each area were scaled by 
the relative change in modelled accretion between the pre and post breakwater scenarios.  As the 
focus of this study and the model setup is on sediment accretion and the requirement for dredging of 
excess sediment, areas with observed net erosion were not scaled.  This provides an improved 
estimate accounting for other local process which may include the influence of vessel movements and 
marina structures.  Seabed levelling activities which may occur from time to time in the various 
marinas in Cowes Harbour are not differentiated in the survey data and as such no account can be 
taken of the effect on erosion/accretion patterns that these activities may have.  The baseline used for 
local accretion adjustment is the period 2013 to 2015, a period when the Outer Harbour Total 
(accretion only) was calculated to be 13,400m³/year 
 

Table 2. Predicted accretion rates excluding allowance for uncertainty in baseline variability 

Area Name 
Post Outer Breakwater Fully Consented Scheme Scheme Version 2 

mm/yr m³/yr 
% 
Change 

mm/yr m³/yr 
% 
Change 

mm/yr m³/yr 
% 
Change 

2  RYS 143 300 -9% 147 300 -6% 147 281 -6% 

3  Trinity Landing 34 300 -56% -14 -100 -59% -16 -141 -53% 

3a  IRB 55 400 10% 24 100 48% 19 114 14% 

4  North Red Jet 91 1000 38% 9 100 24% 19 256 156% 

5  Town Quay 3 0 -56% 4 0 -107% -35 -163 -46% 

6  CYH 113 2600 -28% 72 1,600 -34% 84 1,920 -23% 

6a  CCYC 1 0 -42% -29 -200 -16% -32 -184 -8% 

7  Private pontoons 92 0 40% 22 300 56% 22 304 52% 

8  SWM 26 1500 0% -8 -800 -1% -8 -788 -2% 

9  Main Channel -26 2500 8% -26 -700 1% -26 -700 -13% 

10  Small Craft Channel 1 -700 -78% 17 400 387% 3 100 -9% 

11  Harbour gut east 55 0 -19% 47 2,800 -15% 51 3,051 -8% 

12  Shrape 4 3300 -5% 5 200 60% 5 163 63% 

12a  Victoria Marina    96 8,300  100 8,600  

13  Shrape east -1 -100 29% -1 -100 75% -1 -100 76% 

15  Breakwater south -8 -500 460% -14 -500 3% -14 -500 115% 

Outer Harbour Total  
(accretion only) 

 12,000   14,100   14,790  

 
Table 3 presents the variation in the rates of observed and theoretical maximum accretion within the 
outer harbour.  
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Table 3. Variation of accretion baseline 

Description 
Outer Harbour Total  
(Net Accretion Only) (m³/year) 

Minimum observed accretion rate 
(2003 to 2007) 

6,300 

Maximum observed accretion rate 
(2013 to 2015) used for local adjustment of modelling results 

13,400 

Theoretical maximum accretion rate suggested by Ambios (2016) 15,600 

 
The rates of accretion predicted by the model (Table 2) should be considered in conjunction with the 
likely variation in the baseline rates of accretion provided by Table 3.  Variations in rates of accretion 
are expected to continue into the future as the Medina continues to respond to changes in the 
morphodynamic environment of the Solent, and so the predictions provided in Table 2 are likely to 
continue to change as the baseline changes. 
 
Therefore allowing for the variation in the accretion baseline shown in Table 3, the model prediction 
values presented in Table 2 have a minimum inherent uncertainty in the range of -53% to +16% of the 
baseline value.  Furthermore the variation in the range of observed accretion rates at individual sites is 
also significant, as is the performance of the model in predicting accretion rates within specific areas 
of the harbour.  For example the model tends to under predict accretion rates within Cowes Yacht 
Haven (CYH) and potentially over predict accretion rates in the Main Channel, as compared to the 
observed data, which also contains uncertainty.   
 
To address this difficulty and uncertainty in predicting absolute accretion and erosion rates within the 
harbour area it is more reliable to consider the comparative effects of various scheme designs as 
shown as the % change in Table 2. 
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4 Conclusion 
ABPmer was commissioned by CHC to develop an updated, robust numerical simulation tool (tidal 
model) for Cowes Harbour.  This modelling was commissioned following the first stage of construction 
of the (unarmoured) Outer Breakwater.  Since this initial stage of construction of the Outer 
Breakwater, flood tide currents entering into Cowes Harbour are relatively stronger in the Eastern 
Channel than the Western Channel, compared to that prior to the breakwater construction.  This 
correspondingly results in a relatively stronger cross-harbour current in the two hour period prior to 
high water and is most apparent during spring tides. 
 
The remaining works planned for the consented scheme included the placing of rock armour on the 
Outer Breakwater, an extension to the Shrape Breakwater and dredging associated with the Eastern 
Channel and the new Eastern Marina Development.  The updated model has been used to consider 
the effects of the design components of the Fully Consented Scheme and an amended Scheme 
(Version 2) on patterns of currents and accretion.  The calibration and initial results of this model are 
reported separately (ABPmer, 2015c & 2016b). 
 
The primary objectives of the study were: 
 

 Hydrodynamic tests - To understand the influence of the design options with regard to the 
cross-harbour current in the two hour period prior to high water and which options might 
have the potential to reduce this cross-harbour flow or to mitigate against this perceived 
navigational risk. 
 

 Sediment transport tests - Investigate strategies to minimise the maintenance dredging 
requirement for the harbour stakeholders and particularly the dredged basin for the new 
marina. 

 
The updated model has confirmed observations that the construction of the (unarmoured) Outer 
Breakwater has resulted in a relatively strong cross-harbour current in the two hour period prior to 
high water (on the selected mean spring tide).  These cross-harbour currents reach their peak (~1.0 
m/s) at HW-1 hr around a point to the east of the main channel.  The cross-harbour tidal current 
results in increased current speeds, north and south, parallel to the western Cowes shore and also an 
increased recirculation behind the Shrape Breakwater for this period of the tide.   
 
The completion of the currently consented scheme (Armoured Outer Breakwater, Shrape Breakwater 
Extension, small craft channel and new marina dredge) is predicted to result in further increases in 
local cross harbour currents of approximately 0.2 m/s or 0.3 m/s.  This difference does not extend 
across the full width of the harbour, but does result in a corresponding increase in flow speeds north 
and south along the western shore, at this period of HW-1 hr.  
 
It is predicted that amendments to this design scheme (Scheme Version 2) will mitigate against some 
of the unfavourable flow features in the consented scheme.  The scheme includes an alternation to the 
position of the Shrape Breakwater extension and some alterations to the dredged depths within the 
harbour area.  The Shrape extension included in this scheme is detached (offset southwards) from the 
existing Shrape Breakwater reducing the constriction at the Eastern entrance to the harbour.  A 
reduced cross harbour flow at HW-1 is predicted as a result of these changes, with the flows in most 
locations being within 0.05 m/s of that simulated for the initial unarmoured Outer Breakwater.   
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The amended scheme potentially does allow flow through the gap between the breakwater sections. 
This is most noticeable at HW-5, where the ebb tide current through the gap reaches ~0.3 m/s, for 
which a navigational risk should be considered.  A subsequent navigational assessment of the Eastern 
Channel is likely to result in a minor alteration to the planned position, depth and alignment of the 
channel which has not been included in this project. 
 
The maintenance dredging requirements for the harbour are likely to be similar for the Fully 
Consented Scheme and the Scheme Version 2, as the difference in the Outer Harbour accretion rates 
is less than 1,000 m³/year (for the existing baseline (2013 to 2015) accretion and suspended sediment 
levels).  Both schemes are predicted to cause reductions in accretion in the western marinas, 
particularly in the vicinity of Trinity Landing, as compared to the pre-breakwater situation.  The 
reduction is predicted to be less significant for Scheme Version 2.  Some areas of additional accretion 
are predicted for both schemes, with a particular increase in the rate of accretion behind the Shrape 
Breakwater in the vicinity of the proposed new marina.  This additional accretion is likely to be slightly 
higher for Scheme Version 2.  The influence of marina structures, moored vessels and vessel 
movements on patterns and rates of accretion and erosion within the harbour have not been included 
in the simulation but could be locally significant. 
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6 Abbreviations/Acronyms 
ABPmer ABP Marine Environmental Research Ltd 
CCYC Cowes Corinthian Yacht Club 
CD Chart Datum 
CHC Cowes Harbour Commission 
CYH Cowes Yacht Haven 
HW High Water 
IRB Inshore Rescue Boat/Cowes Lifeboat Station 
MSL Mean Sea Level 
RYS Royal Yacht Squadron 
SWM Shepards Wharf Marina 
UTM Universal Transverse Mercator 
 
 
Cardinal points/directions are used unless otherwise stated. 
 
SI units are used unless otherwise stated. 
 
 
Conversion of speeds:  
 
1 m/s equals 1.94 knots 
1 knot equals 0.54 m/s. 
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