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1 Introduction 

Modelling of beach response to wave action has been carried out in three stages: 

(a) Simulation of the effects of historical events that occurred in January 1988 
and February 1989, when sections of the seawall at Bournemouth 
collapsed.   

(b) Simulation of the effects of storm events for which the percentage 
probability of occurrence in any year has been calculated 

(c) Simulation of the long-term evolution of the beach and its response to 
various forms of beach management, such as groynes, breakwaters and 
recharge operations 

 
The first two stages consider specifically the short-term response (over the period 
of a few hours) of the beach to storm waves, using the COSMOS model, which 
simulates the cross-shore evolution of the beach.   
 
The third stage considers the long-term response (over the period of many years) 
of the beach to a full range of wave conditions, using the Beach Plan Shape Model 
(BPSM), which simulates the long-shore evolution of the beach. 
 
In addition, further beach modelling has been carried out 
 
(d) Simulation of cross-shore transport within Studland Bay to investigate the 

extent of offshore movement under storm conditions. 
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2 Beach Profile Response to Historical 
Storms that caused Seawall Collapse 

In January 1988 and February 1989 two different sections of the seawall at 
Southbourne collapsed.  By analysing the coastal conditions at the time of the 
failure and modelling the beach response at the time, the causes of the collapse can 
be identified.   

2.1 Descriptions of the seawall collapses 
 

The collapse in January 1988 was described by the Borough Engineer and 
Surveyor in a letter to the Borough Treasurer dated Monday 4th January 1988 “a 
substantial breach of the seawall and loss of the whole promenade had occurred over a length of 18 
metres at Southbourne in the vicinity of the Zig-Zag.  Damage also took place to the terracing, 
seafront lighting, water ain and seafront surveillance duct and cable”  

The collapse in 1989 was at Fishermen’s Walk and the remedial works required are 
described briefly in a letter dated Friday 24th February 1989 from the Borough 
Engineer and Surveyor to the Borough Treasurer.   

2.2 Analysis of the prevailing coastal conditions 
 

The following data was used to analyse the prevailing wave conditions and water 
levels: 

• Tidal levels (due to astronomical conditions) predicted from harmonic 
constants for Poole Harbour Entrance  

• Water levels records collected at Poole Harbour Entrance during the 
storms was provided by PHC.   

• Wave conditions at 3 hour intervals was extracted from the Met Office 
Wave Data at the offshore point (Met Office reference BP11) 

 
2.2.1 Collapse in 1988 

The exact timing of the collapse is not known, but was believed from the letter to 
the Borough Treasurer to have been within the few days prior to Monday 4th 
January.  Inspection of the wave conditions from the Met Office model data and 
the actual water levels at Poole Harbour Entrance shows that there was a storm 
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over the weekend 2nd -3rd January.  The peak of the storm was at 00:00 on Sunday 
morning with waves of Hs = 5.7m and a storm surge of 0.7m, resulting in a high 
tide of 0.84mOD.  The wave conditions (predicted by the Met Office Wave 
Model) and water levels (recorded at various gauges) are given in Table 2.1 

By comparison of these conditions with the extremes analysis described in Section 
2.2, the return period of this storm was established.  The wave conditions were less 
than the 1:1 year marginal wave conditions and the water level was below the 1:1 
year marginal water level (Tables 2.2 and 2.3).  The storm was not, therefore, 
particularly severe, when compared with the prevailing coastal climate. 

Offshore Wave Conditions predicted conditions 
return period wave height (m) 

10:1 4.8 
 

2:1 5.2 
1:1 6.2 

← Hs = 5.7m 

1:10 7.7  
Table 2.2   Identification of Return Period of Wave Conditions on 3rd 
January 1988 at 00:00 

Water Level Conditions predicted conditions 
return period water level (mOD) 

10:1 1.1* 
← water level = 0.84mOD

1:1 1.39  
1:10 1.46  

Table 2.3   Identification of Return Period of Water Levels on 3rd January 
1988 at 00:00 

*approximate value calculated by extrapolation of results in Technical Annex 1
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Water Levels 
Wave Conditions 

Offshore (Hs) actual at  
Poole Harbour 

Entrance 

predicted at     
Bournemouth  

predicted at  Poole 
Harbour Entrance 

difference between 
Bournemouth & 

Poole 

surge relative to 
Poole Harbour 

Entrance 

Date  

      

Time

(m) (mOD) (mOD) (mOD) (m) (m)
2 Jan 88 00:00 2.9 0.54 0.09 -0.03 0.12 0.57 

“        03:00 - -0.12 -0.02 -0.24 0.22 0.12
“        06:00 - 0.81 0.47 0.41 0.06 0.40
“        09:00 - 1.08 0.63 0.70 -0.07 0.38
“        12:00 - 0.72 0.11 0.02 0.09 0.70
“        15:00 - -0.09 -0.16 -0.40 0.24 0.31
“        18:00 4.7 0.57 0.31 0.20 0.11 0.37
“        21:00 - 0.9 0.61 0.67 -0.06 0.23

3 Jan 88 00:00       5.7 0.84 0.21 0.13 0.08 0.71

“        03:00 - 0.18 -0.07 -0.31 0.24 0.49
“        06:00 5.4 0.63 0.38 0.27 0.11 0.36
“        09:00 - 0.75 0.69 0.78 -0.09 -0.03
“        12:00 5.1 0.51 0.21 0.17 0.04 0.34
“        15:00 - -0.18 -0.23 -0.48 0.25 0.30
“        18:00 4.4 0.15 0.17 0.02 0.15 0.13
“        21:00 - 0.69 0.64 0.70 -0.06 -0.01

 
Table 2.1  Wave & Water Level Conditions during the January 1988 Storm 
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2.2.2 Collapse in 1989 
The timing of the collapse in February 1989 was not known, but would have been 
in the week ending Friday 24th February 1989 when the letter from the Borough 
Engineer and Surveyor to a Councillor was written. 

The most severe conditions during that week actually occurred on the Friday 
morning between 09:00 and 12:00, (with wave height Hs =4.2m and surge of 0.4-
0.7m resulting in a water level of 1.0-1.1mOD).   It is likely, however, that the 
collapse had already occurred by that time.  Prior to this time, the most severe 
conditions were on the preceeding high tide at 00:00 on Friday morning (with 
wave height Hs =3.0m and surge of 0.2m resulting in a water level of 0.9mOD.  
The wave conditions (predicted by the Met Office Wave Model) and water levels 
(recorded at various gauges) are given in Table 2.4 

By comparison of these conditions with the extremes analysis described in Section 
2.2, the return period of this storm was established.  The wave conditions were less 
than the 10:1 year marginal wave conditions and the water level was below the 1:1 
year marginal water level (Tables 2.5 & 2.6).  The storm was less severe than the 
January 1988 event and not particularly severe, when compared with the prevailing 
coastal climate. 

Offshore Wave Conditions predicted conditions 
return period wave height (m) 

10:1 4.8 
← Hs = 3.0m 

2:1 5.2 
1:1 6.2 

 

1:10 7.7  
Table 2.5   Identification of Return Period of Wave Conditions on 24th 
February 1989 at 00:00 

Water Level Conditions predicted conditions 
return period water level (mOD) 

10:1 1.1* 
← water level = 0.9mOD 

1:1 1.39  
1:10 1.46  

Table 2.6   Identification of Return Period of Water Levels on 24th February 
1989 at 00:00 

* approximate value calculated by extrapolation of results in Technical Annex 1
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2.3 COSMOS Beach profile response modelling 
 

The beach response during the February 1989 storm was reproduced.  The wave 
propagation into the bay was modelled using the MWAVE wave transformation 
model and the nearshore wave conditions were extracted and used in the COSMOS 
beach response model. 

It was not possible to simulate the response to the 1988 storm due to the unreliability 
of the offshore wave directions in the Met Office model data which influences the 
propagation of waves into the bay using the MWAVE model. 

The following beach data were used in the model: 

• The beach profiles measured immediately prior to the storm at locations 
approximately 100m west (beach profile A7) and 200m east (beach profile 
A8) of the collapse (surveyed in September 1988).   Whilst the beach levels 
may have varied considerably between September 1988 and February 1989, 
this is the best available data for this study. 

• The beach sediment sizes sampled at locations 250m west of the collapse 
 

The response of the beach to the wave and water level conditions at the two beach 
profiles (with BBC references A6 and A7) is shown in Figures 2.1 and 2.2.   

The beach levels at the revetment have been eroded by about 0.5m at both locations, 
down to the level of the clay that underlies the beach.     

Inspection of the beach profiles shows that the Mean Sea Level contour of the beach 
profile prior to the seawall collapse was up to 7m from the structure.  Since the storm 
event had a return period of less than 1:1 year, this is the minimum beach width that is 
required to be assured of avoiding a seawall collapse.   
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3 Modelling of Beach Profile Response to 
Extreme Storm Events 

The beach between Poole Harbour Entrance and Solent Beach provides protection to 
the seawall from wave attack under storm events.  The COSMOS beach profile 
response model was used to assess the minimum beach levels that are required in 
order to provide a specified standard of protection. 

The modelling of the existing beach response to wave action was carried out at 7 of 
the locations where beach profiles are measured between Poole Harbour Entrance 
and Hengistbury Head., as shown on Figure 3.1.     

The modelling was based on the following data: 

• The most recent beach profiles measured  
• The beach sediment sizes sampled along the beach  
 
The location of the clay layer underlying the beach between Branksome Dene and 
Double Dykes was determined from the data provided with the beach profiles from 
Bournemouth Borough Council.  For the Borough of Poole frontage at Canford Cliffs 
(Profile AJ), a clay layer of approximately 1m below the existing surface was included 
on the basis of observations provided by the Council engineers.  The influence of this 
feature is shown by a comparison of the model results both with and without the clay 
layer. 

Three storm events were used at each of the profiles, namely the 1:1, 1:10 and 1:100 
year marginal wave conditions.   These conditions are “all – directional” extremes, that 
is, extreme conditions based on analysis of waves from all directions, rather than from 
individual directional sectors.  The wave conditions were applied for a period of 3 
hours with water level of Mean High Water Springs. 

The erosion of the beach under each condition is shown in Figures 3.2 to 3.8. 

The modelling demonstrates that the east end of the beach between Branksome Dene 
to Double Dykes erodes considerably more under storm wave action than the west 
end (Sandbanks to Branksome Dene).  Typical beach retreat at Profiles A27 to B5 is 
about 6m under a 1:1 year storms and 12m under a 1:100 year storm.  To the west, the 
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extent of erosion is reduced to about 3m under a 1:1 year storms and 4m under a 
1:100 year storm.  This difference is mainly due to the reduction in the wave exposure 
from east to west, as a result of the sheltering afforded under south-westerly wave 
conditions by the land mass of Purbeck, but will also be influenced by the generally 
smaller sediment size of the beach material to the west and the absence of the clay 
layer in the modelling at Poole Head and Sandbanks due to the lack of ground 
investigation data.   

The extent of erosion from the initial beach to the 1:1 year condition beach profile 
tends to be greater than the successive difference in erosion from the 1:1 year 
condition to the 1:10 year condition (and successively from the 1:10 year condition to 
the 1:100 year condition).  This is relatively common when considering beach 
response to storms.  However, where the beach profile is eroded back to the seawall 
(as at A27), the rate of erosion increases as the influence of wave scour (caused by 
wave reflections from the wall) becomes more important. 

At Section AJ, a relatively large difference in beach erosion was found between the 1:1 
year and 1:10 year conditions.  This was tested further using the 1:2 year and 1:3 year 
conditions.  (Figure 3.6) The beach was found to be highly sensitive to this small 
increase in wave condition as the beach eroded by more than 10m as the 1:2 year 
condition was exceeded. 

The extent of beach retreat under storm conditions is summarised in Table 3.1.  In 
most cases the beach retreats by between 3-5m under the 1:1 year condition and 3-
11m under the 1:100 year condition.  However, where the beach is narrow and mean 
sea level contour is close to the seawall the erosion is greater due to the effect of scour 
against the structure.  At profile A5, A27 and AJ, the degree of retreat was found to be 
5-9m under the 1:1 year condition and 16-17m under the 1:100 year condition.  These 
results were, therefore, considered to be the minimum width of beach required to 
provide a specified standard of protection.  Since the results found at Poole Head and 
Sandbanks may be due to the absence of clay layer within the model, these minimum  
beach widths were assumed for the full beach frontage for the purpose of the Beach 
Plan Shape Modelling. 

Doc No  Rev:  Date: June 2003  14 
C:\Documents and Settings\BanyardLS\Desktop\2 - Beach Modelling\old versions\TECHNICAL ANNEX - Beach Modelling.doc 



 

 

Location 1:1 year 
condition 

1:10 year 
condition 

1:100 year 
condition 

Double Dykes B5 5m 8m 11m 
Southbourne A5 9m 12m 17m 
Bournemouth A22 4m 6m 8m 
Branksome Dene A27 6m 10m 17m 
Canford Cliffs AJ (without clay layer) 4m 5m 5m 
Canford Cliffs AJ (with clay layer) 5m 16m 16m 
Poole Head N 3m 3m 3m 
Sandbanks F 3m 5m 5m 
Table 3.1  Extent of beach erosion under storm conditions predicted using 
COSMOS. 
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4 Beach Plan Shape Modelling 

Halcrow’s Beach Plan Shape Model  (BPSM) was used to predict the long-term 
response of the beach to wave action over durations of up to 50 years. 

BPSM is a one-line (one-contour) beach model, which predicts the erosion and 
accretion of a shoreline in response to a time-series of wave conditions.  The 
management of sediment transport through the use of structures such as groynes and 
breakwaters and by the addition of sediment through beach recharge is simulated.   

The model is driven by the wave time-series extracted from the MWAVE model of 
wave transformation within Poole Bay.  The 11 year time-series from 1991 to 2001 
was used, with a 3-hourly timestep.  Durations of longer than 11 years were simulated 
by running the timeseries more than once.  The inshore wave conditions were 
modelled at 100m spacings along the shoreline and the beach position was modelled 
at 50m spacings.  The contour that was modelled was the Mean Sea Level (MSL) 
contour.   

The model is based on two principles, the conservation of energy (all of the wave 
energy arriving at the shoreline is converted into longshore sediment transport) and 
conservation of mass (the total volume of sediment within the model, taking into 
account sediment that has been transported beyond the limits of the frontage and 
artificial additions of sediment, is constant).    

Whilst it is recognised that the conservation of energy principle is not entirely correct 
(since some energy is lost in the wave breaking process to aeration, sound etc), the 
reliability and accuracy of the model are judged by the calibration and verification 
process.  Essentially, the model is adjusted to represent, as closely as possible, the 
beach evolution that was recorded on the ground (through beach profile 
measurement) in the course of a year.  The calibrated model is then verified to find 
the degree of error when using it to predict the evolution over a different one-year 
time period.  Calibration and verification is described further in Section 4.1. 

Initially, modelling of the whole of the Poole Bay frontage from Sandbanks to 
Hengistbury was attempted.  However, after considerable time spent on calibration, 
the model results remained unrealistic towards both ends of the frontage.  This was 
thought to be due to the influence of tidal currents on beach evolution which is not 
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included within this type of model and also due to the oblique angle of wave attack to 
the frontage at either end.  Subsequent comparison of longshore transport calculations 
using the Kamphuis equation and modelling of tidal and wave-induced transport, as 
described in Sections 6 and 8 of Technical Annex 5, confirm that the direction of net 
sediment transport at Sandbanks and Hengistbury that would be expected due to 
wave action only is opposite to the actual movement on the beach due to all tidal and 
wave processes.    

The central section of the model, from Bournemouth Pier to West Southbourne (Cliff 
Lift), a length of 4km (Figure 4.1) was found to provide realistic calibration and 
verification results.  Whilst a full model of the Sandbanks to Hengistbury Head 
frontage is not available at this stage, the findings of the work has been interpreted for 
the development of the strategy along this frontage in Technical Annex 5 (Coastal 
Process Assessment), taking into account the variability of the tidal currents and wave 
exposure.   

The following modelling stages are described in this Section: 

• Calibration / Verification 
• Do Nothing Scenario 
• Minimum Maintenance Option 
• Existing Practice of Timber Groyne and 10-Year Beach Recharge  
• Existing Timber Groynes and 2-Year Beach Recharge 
• Rock Groynes and 10-Year Beach Recharge 
• Offshore Breakwaters and 10-Year Beach Recharge 
 
Within the model, there is no distinction between the hydrodynamic performance of 
timber groynes and rock groynes.  However, it is noted from discussion with 
Bournemouth Borough Council (BBC) and with construction contractors experienced 
in maritime works, that BBC’s existing design is the longest form of timber groyne 
that can be constructed at this location due to low tide limits. The construction of 
longer groynes would require the use of rock, which can be placed further seaward 
using marine-based plant. 
 
The model results in this Section are presented with the 1:10,000 Ordnance Survey 
background, in order to identify the location of features along the model frontage.  It 
should be noted however that: 
• the mapping and the results have been plotted at an exaggerated north-south 

scale to assist in showing differences in beach movement 
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• due to the resolution of the model, which was selected to the optimise the 
balance between computer run-time and model size, the locations of existing 
groynes in the model will be to within 25m of the position on the ground 

 
 

4.1 Calibration / Verification 
Calibration of the model was achieved by comparison of the model results with 
contours measured on the actual beach.  Beach contours were produced from the 
beach profile data provided by BBC and Borough of Poole, by importing the profile 
data into ARCVIEW (GIS software package) and creating a ground model, from 
which the required contour was extracted.   

The calibration period was selected to be from September 1991 to September 1992.  
The initial contour in the model was set to the 1991 beach contour.  The 12 month 3-
hourly time-series from 1991 to 1992 was run in the model and the final beach 
contour was predicted.  The predicted contour was compared to the actual beach 
contour in 1992.  The calibration factors within the model were adjusted and the 
model was re-run with the aim of improving the fit between the model and the actual 
beach response.  This process was repeated many times to achieve the best achievable 
fit.  The actual beach response and the calibrated model response are shown in 
Figures 4.2.  For most of the frontage the match is close, but at the far east end, the 
model diverges from the measured data, which is an end-effect of the boundary of the 
model.  The difference between the September 1992 contour simulated in the model 
and measured on the beach were found at each model point and the average value 
presented in Table 4.1.  For the calibration period, on average the predicted beach 
position is within 1m of the actual beach position.   

The calibrated model was then verified using a different period of beach response and 
wave time-series, in this case from May 1994 to April 1995.  The verification is carried 
out to check that the calibrated model provides reasonable prediction of beach 
position for a difference period of time (using a different set of wave conditions, and 
beach start position).  In Figure 4.3, the erosion and accretion of the actual beach and 
the model are compared.  The match between the two contours is not as good as for 
the calibration run, which is to be expected, but the results are close over much of the 
frontage.  The end-effects are more noticeable in the verification run, which has been 
taken into account when interpreting the model results.  For the verification period, on 
average the predicted beach position is within 3m of the actual beach position.   

Doc No  Rev:  Date: June 2003  18 
C:\Documents and Settings\BanyardLS\Desktop\2 - Beach Modelling\old versions\TECHNICAL ANNEX - Beach Modelling.doc 



 

 
Calibration  

Sept 1991 to Sept 1992
Verification 

May 1994 to April 1995
Average Error 1m 3m 

Table 4.1  Confidence in Calibration and Verification 

4.2 Do Nothing Scenario 
In accordance with DEFRA Flood and Coast Defence Project Appraisal Guidance, 
the baseline for economic appraisal of option is the Do Nothing scenario.  This 
demonstrates the damages that would be expected to occur should no preventative 
action be taken.  The BPSM model was used to assist in simulating this scenario.   

The calibrated model was used to predict the beach evolution, starting from the 
existing beach contour from the beach monitoring campaign of Oct 2000.  The 
complete wave time-series from 1991 to 2001 (eleven years) was used. 

Under the Do Nothing scenario, the existing timber groynes will deteriorate.  As gaps 
are formed in the planking, more sediment will move along the shore.  It is not 
possible to simulate a partially effective groyne in the model.  Instead, an expected life 
of 25 years was assumed for each of the groynes from the time of construction; the 
structures were removed from the model at the end of this period. Since the groynes 
have been constructed at different years, the expected life of each of the structures 
expired at different times.  The model was therefore stopped and re-started several 
times to achieve the simulation.  A definition of the Do Nothing case is given in 
Table 4.2.    The evolution of the beach after 50 years is shown in Figure 4.4.   

Groynes:  ● = intact   x = removed 
Years                    

2002 - 2013 ● ● ● ● ● ● ● ● ● ● ● ● ● x ● ● ● ● ●

2013 - 2025 x x x x x x x x x x ● ● ● x x ● ● ● ●

2025 - 2053 x x x x x x x x x x x x x x x x x x x
Table 4.2  Sequence of Removal of Groynes under Do Nothing Scenario 

Having simulated the evolution of the beach over the strategy period of 50 years, the 
model was used to identify the location and timing of expected seawall collapse due to 
wave action.  The COSMOS modelling of the beach profile under a range of storm 
conditions showed that: 
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• in the February 1989 storm that caused a collapse of the seawall, had a return 
period of less than 1:1years and the MSL contour of the beach profile prior to 
the seawall collapse was up to 7m from the structure (as described in Section 
2) 

• under storm conditions of 1:1 year and 1:100 year return periods, the extent 
of beach retreat including the effect of seawall of a narrow beach was found 
to be 6-9m and 17m respectively 

 
For the purpose of the BPSM modelling, it was assumed, therefore, that if the beach 
contour approaches within 7m (1:1yr contour) of the seawall, then collapse is likely 
within the following year (Table 4.3).  This is based on the calculation that there is a 
63% probability of a 1:1 year storm event occurring within any 1 year period (BS6349; 
Part 1).  The beach width required to provide a 1:100 year standard of protection was 
judged from the work described in Sections 2 and 3 to be 17m at MSL. 

Standard of Protection Beach Width 

 1:1 years 7m 
1:100 years 17m 

Table 4.3  Minimum beach widths at Mean Sea Level to provide specified 
Standards of Protection 

The beach contours were imported into ArcView and the location and timing of 
expected seawall collapses were assessed using these criteria.  This information was 
then used in the economic appraisal to calculate the damages caused by erosion under 
the Do Nothing scenario (as described in Technical Annex 8 – Flood and Coast 
Defence Benefits and Costs).  The total lengths of seawall failure that develops over 
time during the 50 year strategy period are given in Table 4.4. 

Year Failure Length / 4km 

2013 0.9km 
2025 1.5km 
2053 1.9km 

Table 4.4  Length of Seawall Failure under Do Nothing Scenario 

 

 

 

Doc No  Rev:  Date: June 2003  20 
C:\Documents and Settings\BanyardLS\Desktop\2 - Beach Modelling\old versions\TECHNICAL ANNEX - Beach Modelling.doc 



 

4.3 Minimum Maintenance Option  
In accordance with DEFRA guidance, a Minimum Maintenance option is required to 
be considered.  

This option comprises: 

• Maintenance of the existing groynes (including replacement, when necessary) 
as required  

 
This option was simulated using BPSM by running the model for the 50 year strategy 
life starting from the existing beach contour existing beach contour from the beach 
monitoring campaign of Oct 2000, leaving all of the groynes intact.  The initial and 
final beach positions over a 50 year period are shown on Figure 4.5. 
 
This option delayed the collapse of the seawall, but did not prevent it.  The timing and 
location of seawall collapse was used in the economic appraisal.  The total lengths of 
seawall failure that develops over time during the 50 year strategy period are given in 
Table 4.5. 
 

Year Failure Length / 4km 

2013 0.9km 
2025 0.9km 
2053 1.3km 

Table 4.5  Length of Seawall Failure under Minimum Maintenance Scenario 

 
4.4 Existing Practice of 70m Groynes and 10-Year Beach Recharge 

Over the past 29 years, the beach within the section that has been modelled has been 
maintained by 3 beach recharges.  This option would formalise this procedure, with 
beach recharges every 10 years to maintain a beach that provides a standard of 
protection of 1:100 years against collapse of the seawall.   

This option comprises: 

• Maintenance of the existing groynes (including replacement, when necessary) 
as required. 

• Beach recharge every 10 years to create and maintain a beach that provides a 
1:100 year standard 
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The BPSM model was run on ten year cycles with volumes of 900,000m3, 700,000m3 

and 500,000m3 evenly distributed along the frontage (Figures 4.6, 4.7 and 4.8)  From 
inspection of the results it was found that the minimum volume of recharge required 
to maintain the MSL contour on the seaward side of the 1:100year contour within the 
frontage modelled (4km) was between 500,000m3 and 700,000m3 every 10 years.  The 
volumes of beach recharge required for this scenario over the strategy period are 
presented in Table 4.6. 
 

Volume of recharge (m3) 
Year 10-year beach recharge 

 and existing groynes 

2003 600,000m3 
2013 600,000m3 
2023 600,000m3 
2033 600,000m3 
2043 600,000m3 
2053 end of modelled period 
total 3,000,000m3 

Table 4.6  Volumes of Beach Recharge for Existing Practice Option 
 
This volume of recharge required agrees reasonably well with the performance of past 
beach recharge schemes.  The latest scheme in 1989/90 which placed 998,730m3 of 
beach recharge over a length of approximately 8km was found to have eroded over 
the course of the following decade, such that beach volumes were similar to preceding 
levels after about 10 years.   
 
In the following strategy options, the method outlined here (Section 4.4) was adopted, that is:  
• modelling the beach response to a range of beach recharge volumes 
• plotting the results 
• identifying the optimum scenario that required the least recharge volume, whilst still meeting the 

1:100 year standard.    
 

 
4.5 Existing 70m Groynes and 2-Year Beach Recharge 

In the course of discussions with one potential beach recharge contractor, the 
possibility for a more regular programme of recharge was raised.  It is possible that
this would provide cost savings to the contractor, which could be passed on to the 
client.   The potential for cost savings is discussed further in Technical Annex 8, 
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regarding beach recharge sources.  This option was the same as the 10 year Beach 
Recharge and Timber Groyne Option, but with more frequent recharges. 

This option comprises: 

• Maintenance of the existing groynes (including replacement, when necessary) 
as required. 

• Beach recharge every 2 years to create and maintain a beach that provides a 
1:100 year standard 

 
The same process of testing of different beach recharge volumes as described in 
Section 4.4 was followed for this option to find the minimum recharge required to 
maintain the MSL contour on the seaward side of the 1:100 year contour.  The final 
beach contour after 10 years is shown in Figure 4.9 and the volumes required are 
presented in Table 4.7.   

The volumes required for bi-annual beach recharge are considerably more than for a 
10 yearly recharge.  This finding is in line with published studies have shown that a 
recharged beach will tend to take two years or longer to “settle”.  During this period 
the rate of losses from the beach are higher than prior to recharge, after which the rate 
of erosion will lessen.  There is disagreement about the precise shape of the decay of 
the erosion rate, with models by Führböter and Verhagen using different exponential 
curves and Cooper using two linear equations, but the principal is agreed that the rate 
of losses should reduce over time (Cooper, 1998). 

By recharging the beach bi-annually, the effect is to maintain the beach in a state of 
high erosion.  This is not, however, necessarily a poor solution, since it may be that a 
regular, but limited source of beach sediment would be available at a lower cost than 
the larger quantity required for a 10 year recharge.  The comparison of these two 
options, taking into account the potential for cost difference is presented in Technical 
Annex 8.   
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Volume of recharge (m3) 
Year 10-year beach recharge 

 and existing groynes 
Bi-annual beach recharge 

 and existing groynes 

2003 600,000m3 300,000m3 
2005 - 150,000m3 
2007 - 150,000m3 
2008 - 150,000m3 
2011 - 150,000m3 
2013 end of modelled period 
total 600,000m3 900,000m3 

Table 4.7  Comparison of 10-year and 2-year beach recharge options 

 
4.6 Rock Groynes and 10-Year Beach Recharge 

This option comprises: 

• Removal of the existing groynes  
• Construction of longer groynes, which would need to be constructed in rock, 

it is understood that the existing design is the longest form of timber groyne 
that can be constructed at this location due to low tide limits 

• Beach recharge every 10 years to create and maintain a beach that provides a 
1:100 year standard 

 
For this option, the existing groynes were replaced by a reduced number of longer 
groynes and the spacing between these widened.  Different amounts of recharge 
volumes were placed on the beach to assess the volume needed to most competently 
‘hold the line’ (1:100yr contour) over 10 years (Table 4.8).  Eleven different sets of 
groyne lengths and spacings were tested.   A typical example of the model results, 
showing the 160m groynes at 300m spacing with 150,000m3 of recharge is shown in 
Figure 4.10. 

In general, the model confirmed the expectation that (a) narrower groyne bay spacings 
and (b) longer groynes reduced the volume of breach recharge material required over 
the 10 year period.  The selection of an appropriate groyne field is a balance between 
the cost of construction/maintenance of the structures and the cost of initial and 
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BPSM Runs undertaken for: 
- different groyne ratios and 
- different beach recharge volumes 

  = volume most closely holding 1 in 100yr contour  

Groyne Scenarios Recharge Volumes (m3)
Length
(m)

Spacing
(m)

25,000 50,000 100,000 150,000 200,000 300,000 400,000 500,000 700,000 900,000

210 1000
210 700
210 350
160 300
160 200
110 500
110 350
110 200
90 150
70 150

Table 4.8  Comparison of Beach Recharge Volumes, Groyne Spacings and Lengths 



 

subsequent beach recharges.  The question of the optimum groyne field design 
cannot, therefore, be answered without recourse to economic appraisal of the carious 
options, which is described in Technical Annex 8.  The optimum scheme will depend 
on the cost of the various constituent parts of a scheme (and therefore on the 
availability of materials and other factors).  
 

4.7 Offshore Breakwaters without Beach Recharge 
Offshore breakwaters are the principal alternative to groynes to control beach 
movements.  Since the BPSM model is designed to cover a shoreline of 4km, with a 
beach position spacing of 50m the resolution of the model is too coarse to simulate 
different types of breakwater, for example, rock armour breakwaters or geotextile bag 
breakwaters.   

The breakwaters were set at 300m spacing at a length of 100m.  BPSM runs were 
undertaken without recharge, to test whether the breakwaters only would be sufficient 
to hold the beach alignment.  

This option, therefore, comprises: 

• retention (without maintenance) of the existing groynes until the end of their 
useful life and subsequent removal 

• construction of offshore breakwaters 
• no beach recharge 
 
The existing timber groynes were left in the model, which was stopped and re-started 
according to ‘failure’ of groynes due to their design life (25 years). The beach response 
after 10 years is shown in Figure 4.11. 

This scenario resulted in a gradual landward beach movement as sediment was 
removed from the frontage and was not replaced.  The failure of the seawall took 
longer to occur than under the Do Nothing and Minimum Maintenance scenarios, 
demonstrating that the breakwaters were reducing erosion.  The timing of failures and 
lengths of seawall collapse are given in Table 4.9. 
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Year Failure Length / 4km 

2013 1.7km 
2025 2.2km 
2053 2.7km 

Table 4.9  Length of Seawall Failure under Offshore Breakwaters without 
Beach Recharge Scenario 

4.8 Offshore Breakwaters, (retaining existing groynes until failure) with Beach 
Recharge 
The performance of the offshore breakwaters option was enhanced with the provision 
of beach recharge at ten year intervals.  The existing groynes were retained until they 
reached their end of their useful life (using the same timings established in the Do 
Nothing option)   

This option, therefore, comprises: 

• retention (without maintenance) of the existing groynes until the end of their 
useful life and subsequent removal 

• construction of offshore breakwaters 
• beach recharge 
 
The method described in Section 4.4 was used to maintain the beach seaward of the 
1:100 year contour.  The volumes of recharge required are given in Table 4.10. 

Year Volume of recharge (m3) 

2003 300,000 
2013 300,000 
2023 400,000 
2033 400,000 
2043 400,000 
2053 end of modelled period 
total 1,800,000 

Table 4.10  Volumes of Beach Recharge for Offshore Breakwaters (retaining 
existing groynes until failure)  with Beach Recharge option 
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4.9 Offshore Breakwaters, (removing existing groynes immediately) with Beach 
Recharge 
If the beach frontage were to be changed to include offshore breakwaters, it would be 
expected that the most economic way to achieve the conversion would be to retain 
the existing groynes until the end of their useful life.  There might however, be some 
resistance to this approach, since the groynes would become unattractive as they 
deteriorate.  To test the difference in beach response if the groynes were to be 
removed immediately this further scenario was introduced.   

This option, therefore, comprises: 

• immediate removal of the existing groynes  
• construction of offshore breakwaters 
• beach recharge 
 
The method described in Section 4.4 was used to maintain the beach seaward of the 
1:100 year contour.  The volumes of recharge required are given in Table 4.11. 

Year Volume of recharge (m3) 

2003 400,000 
2013 400,000 
2023 400,000 
2033 400,000 
2043 400,000 
2053 end of modelled period 
total 2,000,000 

Table 4.11  Volumes of Beach Recharge for Offshore Breakwaters (removing 
existing groynes immediately)  with Beach Recharge option 
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5 Cross Shore Transport in Studland Bay 

In the course of the assessment of coastal processes, it was found that knowledge of 
the degree of offshore movement of sediment within Studland Bay was required.  The 
purpose of this work was to establish whether or not there was potential for sediment 
to beach drawn sufficiently far offshore under storm conditions that the sediment 
would then reach the tidally driven sediment pathway formed by the Swash Channel.   

The COSMOS model was used, based on the following information: 

• Sediment size analysis, which was carried out in the course of the Swanage 
Bay Management Study for Purbeck District Council (Halcrow, 2000), which 
found an average grain size diameter of D=300micron 

• Extreme wave conditions and typical water levels (see Technical Annex 1) - 
the model was run at Mean High Water Springs. 

• Typical beach profile produced by combining beach profiles of the seaward 
face of the beach measured by land-based survey as recorded in Halcrow 
(2000) with measurements of the backshore extracted from the EA LiDAR 
data, 2001 

 
The profile responses shown in Figure 5.1 demonstrates the movement of sediment 
over the full profile down to the 5mOD contour (and beyond) under all of the 
conditions tested. 
 
It is therefore expected that sediment can be removed from Studland Bay under storm 
conditions through beach draw-down to the 5mOD contour, from where it can be 
carried by the tidally driven sediment flux southwards (which are driven by tidal 
currents from Poole Harbour Entrance) beyond Handfast Point.  This modelling has 
therefore established that sediment can leave Studland Bay via this route. 
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Figure 2.1 Predicted Beach Reponse to the 1989 Storm at BBC Profile A6

-2

-1

0

1

2

3

4

5

400 405 410 415 420 425 430 435 440 445 450

Chainage (m)

Le
ve

l (
m

C
D

)

Initial
Revetment and Clay Layer
Final
Mean High Water Springs
Mean Low Water Springs



Figure 2.2 Predicted Beach Reponse to the 1989 Storm at BBC Profile A7
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Figure 3.2 Predicted Beach Reponse to 1:1, 1:10 and 1:100 year return period wave conditions at BBC Profile B5
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Figure 3.3 Predicted Beach Reponse to 1:1, 1:10 and 1:100 year return period wave conditions at BBC Profile A6
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Figure 3.4 Predicted Beach Reponse to 1:1, 1:10 and 1:100 year return period wave conditions at BBC Profile A22
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Figure 3.5 Predicted Beach Reponse to 1:1, 1:10 and 1:100 year return period wave conditions at BBC Profile A27
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Figure 3.6 Predicted Beach Response to 1:1, 1:2, 1:3, 1:10 and 1:100 year return period wave conditions at BoP Profile AJ



Figure 3.7 Predicted Beach Reponse to 1:1, 1:10 and 1:100 year return period wave conditions at BoP Profile N
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Figure 3.8 Predicted Beach Reponse to 1:1, 1:10 and 1:100 year return period wave conditions at BoP Profile F
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Figure 5.1  Cross Shore Transport in Studland Bay under Storm Conditions
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