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Summary

West Bay Coastal Defence and Harbour Improvement Scheme, Dorset

The development of a Beach Management Strategy for East Beach

Report EX 4226
August 2000

West Dorset District Council as part of the on-going West Bay Coastal Defence
and Harbour Improvement Scheme in Dorset, UK, commissioned both HR
Wallingford and Posford Duvivier to develop a specific Beach Management Plan
for the scheme. HR Wallingford was responsible for beach modelling and
developing the beach management strategy. Posford Duvivier was responsible for
developing the implementation stategy and had overall project management of the
study.

This report outlines the modelling undertaken to develop a beach management
strategy for East Beach. East Beach is located at the western end ofChesil Beach,
which stretches eastward to Portland and is designated as a SSSI (Site of Special
Scientific Importance). ln recent times the importarce of a robust Beach
Management PIan has become increasingly apparent as on a number ofoccasions
flooding has resulted from flow through or over the shingle bank. With the
construction of the preferred scheme, the issue of shingle intrusion into the
harbour entrance also requires attention and the Beach Management Plan needs to
consider mitigation measures to reduce the risk of excessive dredging of by-passed
material.

Results from three types of model were used during the study, including a physical
model and two numerical models. One numerical model considered the short term
storm response ofthe beach and the other considered the long term evolution of
the beach plan shape.

The study assumed a design profile for the shingle bank comprising a 10m wide
crest at +7.5mODN with a lin 6 leeward slope. Seaward of the crest, the beach
sloped at 1 in 3 that then merged into a 1 in 8 slope. The offshore bathymetry
sloped at 1 in 100. The design profile is based upon beach cross sections provided
by WDDC in April 1999 in preparation for the physical model.

The conclusions of the study are:

o Modelling of the long-shore and cross-shore processes have indicated that the
defined beach width (distance from the base line to lhe mean water level)
should be maintained within the followins limits:

- Extreme Lower Limit
- Lower Limit
- Upper Limit
- Extreme Upper Limit

= l2om
= l30m
= 150m
= 160m
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Summary continued
r If the do nothing scenario is adopted then there is a high chance that an

unacceptable volume of shingle will enter the harbour entrance. This will
require excessive dredging to clear the entrance, with attendant environmental
and economic consequence.

o The longshore drift can vary in both directions from month to month. It is
therefore difficult to identify a set amount to re-cycle or renourish per annum.
An observational approach is proposed to reduce the likelihood of beach
material by passing East Pier and entering into the harbour- Even with this
approach some dredging will still inevitably be required-

o Nanowing the beach by extraction of material in the vicinity of the harbour
entrance, in order to minimise the risk of sediment ingress into the harbour,
will necessarily increase the risk of local breaching and overtopping of the
beach. This is best managed by careful re-use of the re-cycled material. It is
suggested tlat the crest of the berm is locally widened/raised where there is
significant room to implement this, rather than re-cycling to a point some
distance to the east of the studv frontase.

e The results discussed are based on previously occurring wave conditions, and
there is no guarantee that similar wave conditions will continue in the filture'
It is therefore important that the beach is carefully monitored so that robust
management decisions are made based on the real time evolution ofthe beach.
As further information is collected, a better understanding ofthe beach will
allow further enhancements to the modelling and decision making process.

. Il terms of clinate change, the main impact will be any change in storminess
(i.e. magnitude of storms and direction) rather than sea Ievel rise as long as the
beach is maintained at a width higher than the minimum beach width.

o In terms of large swell events, which are regularly observed in Lyme Bay, the
beach will perform satisfactorily as long as it is maintained at a width higler
than the minimum beach width. However, after a significant swell event sorle
re-nourishment or re-profiling work is likely to be required.

The recomrnendations of the study are:

l. The beach width should be maintained between l30m and 150m, but should
not exceed 160m or be less than 120m. The defined beach width is measured
from the model base line.

2. An observational approach to beach management should be adopted with re-
cycling ald re-nourishment being undertaken when required. Care needs to be
taken that to ensure the risk of flooding is not increased to an uracceptable
level when re-cycling material.

3. The economic and environmental consequences of re-cycling or allowing
material to by-pass East Pier should be carefully assessed in order to
determine what the best beach management policy is.
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1, INTRODUCTION

West Dorset District Council as part of the on-going West Bay Coastal Defence and Harbour Improvement
Scheme in Dorset, UK, commissioned both HR Wallingford and Posford Duvivier to develop a specific
Beach Management Plan for the schenr. HR Wallingford was responsible for beach modelling and
developing the beach management strategy. Posford Duvivier was responsible for developing the
implementation strategy and overall project management of the study.

This report outlines the modelling undertaken in order to develop a beach management strategy for East
Beach only. East Beach is located at the westem end of Chesil Beach, which stretches eastward to
Portland and is designated as a SSSI (Site of Special Scientific Interest). ln recent times the importance of
a robust Beacb Management Plan has become increasingly apparent as on a number of occasions flooding
bas resulted from flow through/over the shingle bank. With the construction of the preferred scheme, the
issue of shingle intrusion into the harbour entrance also requires attention and the Beach Management Plan
needs to consider mitigation measures to reduce the risk of excessive dredging of by-passed material.

For the purposes of this study, East Beach is defined as the beach from East Pier to the end of the shingle
balk where it joins the cliffs. All beach width measurements are taken from the baseline used in the
BEACHPLAN model. All beach width measurements in this report refer to a cross section approximately
50m East of East I\er. A reference grid and plan is shown in Figure 1.

This report uses the most up to date techniques to evaluate the likely performance of the beach system and
to predict how it will perform in the future. However, the performance will be closely limited to future
wave conditions, thus for beach management to be carried out in the most effective manner continuous
review will be required aided by on-going monitoring and management.

2. TERMS OF REFEBENCE

The Terms of Reference for the study are to:

1. Develop a beach management strategy for East Beach in order to fulfil flood protection and harbour
operation needs.

2. Consider the impact of extreme events such as swell waves and climate change on beach pertbrmance.

3. DESGRIPTION OF MODELLING UNDEHTAKEN

Results from three types of model were used during the study, including a physical model and two
numerical models: one considering short term storm response and other considering the long term
evolution of the beach plan shape. The asp€cts of these three models are surnmarised trelow. Further
details ofthe methods are given in the relevant HR Wallingford Reports referenced where appropriate.

3.1 Physical model
The main issues considered in the physical model of relevance to this study were:

o The storm response ofEast Beach for a range of sea conditions.
. Mitigation measures to reduce material by-passing the East Pier Extension.

The physical modelling ofEast Beach is descnbed fully in HR Report EX4064 (HR Wallingford 2000a).
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3.2 Storm response prediction
The storm response model used to assist in the derivation ofthe coastal defence and harbour improvernent
strategy plan for West Bay (HR Wallingford 2000b) was adjusted using additional knowledge gained from
the physical model study (HR Wallingford 2000a). The technique is described in the Failure of East Beach
letter report (HR Wallingford 1998a) presented to WDDC during the strategy study. The following items
were assumed in the modelline:

Assumed beach geometry and sediment grading
A typical design profile of East Beach was taken from cross sections provided by WDDC in April
1999 as part ofthe preparation for the physical model. The typical profile had a 10m crest at
+7.5mODN with a lin 6 leeward slope. Seaward of the berm, the beach sloped at 1 in 3 merging into a
I in 8 slope. The offshore bathymetry sloped at 1 in 100.

The typical sediment grading was defined by a site investigation on East Beach carried out in
November 1996 for WDDC by Exploration Associates. The typical Dn56 of the samples was
approximately 8mm-

Failure Criteria,
Described below in Section. 4.1.

Calibration of the SHINGLE model using the physical model observations.
Two wave and water level conditions were tested in the physical model with ajoint retnm period of
100 years and 2000 years with a wave direction of220 degrees north. These profiles were compared
with the predicted lines for the same wave condition from the uncalibrated HR Wallingford SHINGLE
model.

The profiles measured in the physical model showed a significant larger rate of cutback than the
SHINGLE model. This was mainly because the time scaling of the longshore component in the
physical model was 8 times faster than the crossshore time scal;ng. Therefore, the measured profile
was adjusted such that the loss ofarea per hour matched the true longshore drift. After adjustments,
the comparison showed that the uncalibrated SHINGLE model under-predicted the shoreward
excursion of the 2Vo wave run up position by approximately 3 to 5m (Figure 2 and 3). The
conservative decision was made to correct the predicted position of the 2/o wave run-up limit given by
the SHINGLE runs used in the development of the storm response model by 5m landwards. It is worth
noting that in this report, wave run up is referred to in terms of its shoreward excursion rather than
elevation.

Further correction ofthe SHINGLE model to account for bi-rnodal wave conditions observed in
Lyme Bay.
Flume studies on the response of shingle beaches to bi-modal conditions (i.e. the combination of swell
and wind sea conditions) showed that as the swell condition starts to dominate over the wind-sea
condition (in terms oftheir relative energy inputs to the storm) wave run-up increases (Hawkes et al,
1997). For a storm consisting only of swell energy, the average increase in the wave run-up distance
when compared to a storm of equal energy but consisting entirely of wind-sea has been estimated as 40
percent (Figure 4).

In Lyme Bay, bimodel conditions are common with exposure, well waves remotely generated in the
Atlantic Ocean. It is, therefore, important to consider bi-model conditions when predicting wave rtrn-
up and overtopping at west Bay. The SHINGLE model is validated only for wind-sea wave
conditions. So to represent the truer wave condition at West Bay, the results from the SHINGLE
model have been corrected to allow for the influence of bi-model conditions.
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The flume studies considering bi-model conditions were undertaken in a controlled manner. Howevet,
in the field it is difficult to accurately assess bi-modal conditions plus their true impact on the
structural response ofthe beach. Therefore, a linear relationship between the percentage increase in
wave run-up and bimodal conditions was derived, with 40 percent being the worst case scenario for
1007o swell. For example, if the storm contains 5070 swell energy and 50Vo wind-sea energy the wave
run-up distance has been enhanced by 207o.

A relationship between the predicted wave height assuming wind-sea condition only and the
proportion of expected swell for such a condition was then derived using the predictions in the Swell
and Bi-Modal Atlas for England and Wales (HR Wallingford 1997a). This relationship is shown in
Figure 5.

To take account ofthe impact of bi-modal incidents sea conditions on wave run-up the s wave run-up
drstance predicted by SHINGLE was enhanced by a factor, F, given as:

F= -0.0783.H<*"ay + 1.4867

Where H,1*i,ay is the wind sea significant wave height.

For example, if the wave run up generated by a 2m (Hs) wind-sea is 5m past the seaward crest of the
beach, then the wave run-up enhancement factor to take accourlt of the likely swell component of that
particular seastate is 1.33 (i.e. -0.0183*2+1.4867 ). The maximum wave run-up distance, therefore, for
the bi-modal condition likely to occur at West Bay is 6.7m (i.e. 1.33*5) plus 5mto account for the
calibration of the SHINGLE model against the physical model results (i.e. 6.65+5.0=11.7m).

3.3 Beach planshape prediction
As part ofthe main Strategy Study a beach planshape model, BEACHPLAN, was set up and calibrated
against historical data. This model was then funber adjusted to take account of the East Pier Extension
using data provided by the physical model, The calibrated adjusted model was then used to establish the
performance of simple beach management strategies.

The BEACHPLAN modelling undenaken for West Bay is described fully in HR Report 8X4137
(HR Wallingford 2000c).

4. ESTABLISHING A MINIMUM BEACH WIDTH

This section considers the minimum beach width along East Beach that will provide an acceptable standard
of flood protection.

4.1 Definition of failure criteria
When waves break, material is carried up the beach as bed and suspended load. Part of the uprush
percolates into the beach, causing the volume and velocity of the backwash water to be reduced. The
differential between the uprush and backwash energy causes sediment to be either deposited or removed
near to the limit of the wave run-up. The nett result is an accumulation or loss of material on the beach. ln
storm conditions, these processes will continue until equilibrium between the uprush and backwash
energies is reached, resulting in the formation of a new upper beach profile-

The performance ofthe beach as a flood defence is then determined by its ability to maintain the wave run-
up limit seaward of the crest, If wave run-up passes landward of its crest, then overtopping will be
observed and any material still in motion will be washed over the crest of the beach.
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Shingle beaches often dissipate energy as water passes over their crest, restricting shingle deposition to the
seaward side of the beach. Under these circumstances any shingle that is pushed or carried to the crest by
the uprush water is deposited at the crest, thus causing the crest level to increase. Combined with the high
permeabitity ofthe beach, this crest building process usually enzures thai most ofthe incident wave energy
is dissipated before it reaches the lee face ofthe beach crest. However, when a critical combination of
freeboard, crest width and wave condition is reached, the beach will become susceptible to severe
overtopping resulting in either crest rollback, crest lowering or formation of shingle pns' behind the crest-

Historically, the leeward movement of the beach crest al West Bay has been limited by the fixed position
of a number of buildings and the tarmac yard located l0 to 20 metres behind the crest (at an approximate
level of 4.5 to5.5 mODN). These features hinderthe movement of the shingle beach, limiting the ability
of the crest to roll back.

From the above it can be seen that the likelihood of failure occurring depends on two aspects:

. The prerailing beach width prior to storm attack

. The horizontal excursion of the wave run-up experienced during that attack.

The impact of beach width on the likelihood of failure is relatively simple; a narow beach offers less
protection than a wider one. The reducing residual strength ofthe beach as its width reduces has been
incorporated into the analysis as described below.

When considering the likelihood of "failure" as a function of wave nrn-up, four possible scenarios have
been considered. The relationship between each ofthese scenarios and the probability of failure associated
with that scenario has been quantified and used to predict the likelihood of a breach occurring during any
particular storm condition and beach width position (see Figure 6).

Scenario I
27o wave run-up confined to the region seaward of the crest edge. It is reasonable to assunre that this
natural movement of the beach will have no impact on the crest.

Assigned probability of failure = 0.0

Scenario 2
2Vo wave run:up reaches or exceeds the seaward edge of the crest, but remains within the crest region. It is
unlikely that failure will occur because crest building will occur some distance in front of the 27o wave tun
up point. The structural stability of the beach will be maintained.

Assigned probability of failure = 0.0

Scenario 3
27o wave run-up passes the leeward edge of the beach crest. Failure will start to become more certain as
the amount of material available to continue the natural roll back of the crest \uill start to become limited.
However, in most cases the crest should be able to still build and maintain its structural stability.

Assigned probability of failure = 0.3

Scenario 4
27o run-up passes onto the hinte and, the depth of material to continue the roll back of the crest will
reduce and material will start to fan out over the hinterland. At this point failure of East Beach is cedain.

Assigned probability of failure = 1.0
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4,2 Prediction of storm response
The SHINGLE model plus tbe 5m correction was used to provide a base set of run-up values for a wide
ralge of sea conditions using the desiga profile. These values were then adjusted for the potential swell
component that may be expected for that particular wind sea condition. These results were passed through
a statistical analysis to form a quadratic surface (Figure 7, results are for a beach width of 130m) and
generate a malhematical description of wave run-up as a function of wave height, water level and initial
beach width. This equation takes rhe following form:

Wave run-up = C| + C2. Hs + CT.HWL + Cn. H,2 + C5.HWL.H, + C6.HWL2

where Wave run-up = the horizontal position of the run-up relative to the seaward crest edge
HWL = Still water level (mODN)
Hs = Near shore wave height (m)
C,...C6 = Quadratic constants

This approach was used to develop a similar formula for a range of initial beach widths from 1 lOm to
150m. As the beach width reduces, the crest will typically remain in the same position (unless storm wave
action moves it back) causing the foreshore slope to steepen. The SHINGLE model was, therefore, used to
predict the sensitivity of the wave run-up limit as beach width reduces and the beach slope steepens. For
any particular wave condition, a lOm shift in the high water mark showed a corresponding 7 to lOm shift
in the chainage of the wave run-up limit. From this analysis, the conservative assumption was made that
for a 10m shift in the beach width, a similar 10m shift in the wave run up position also occurred.

Comparative checks were made on the prediction of the equation and the physical model data, and tlre
results were found to be within the limits expe€ted.

4.3 Consequence of a failure of East Beach
If East Beach fails, flooding in West Bay may be severe.

If a shingle bank is maintained at +7.5mODN throughout a storm is significant overtopping is likely to
only occur during a 100 year event. However if a breach occurs and the bank crest lowers to +5.0nODN,
then significant overtopping would occur during the 10 times a year event (Table 2). Compared to the
cross shore modelling, it is expected that there would be a lowering ofthe bank and some overtopping
during a 13 year event. This value seems reasonable as the overtopping modelling is undertaken assuming
a static profile, so as the crest lowers naturally in prototyp€, the frequency of overtopping lends towards
overtopping predicted wirh rhe +5.0mODN crest.

For full detajls of the overtopping calculations please refer to the letter report on Overtopping sent to
WDDC (HR Wdlingford 1998b)

4.4 Definition of minimum beach width
The traditional method of determining the annual frequency of faiture would be to search for the
combination of water level and wave height that provides the 'worst case wave run-up' for a given retum
period (based onjoint return period events). For risk assessrnent purposes, it is better to work with a set of
synthetic data, whose frequency distribution is equivalent to the extreme value distribution derived from
the original wave and water level data, such that the worst case wave conditions for that particular
structural response are searched for.

Using the 10,000 years of synthetic data derived by the earlier joint probability study (HR Wallingford
1997b), the defined failure criteria, and the equation to describe wave mn-up, it has been possible to
determine the number of likely failure events in a year for a number of beach widths.
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The method used to determine the annual probability of East Beach failing involves three distinct steps:

. Step 1: Identify the probability of the wave run-up lirnit stopping at a certain point.
The wave run-up position for each sea condition listed in the 10,000 years of synthetic data
(representing 10000 + 707 high tide events) was determined by using the function derived in
Section 4.2. A simple frequency analysis was performed to identify the probability of wave runup
limit occurring within a given interval. The probability of occurrence was then defined as follows:

probabiliry of the wave run-up lying _ no. of events falling within a given interral / the
within the given interval per high tide 

- 
total no. of high tide events

. Step 2: Identify the probability of failure assuming a given beach width
If the wave run-up lies within a given spatial interval, the probability of failure occurring for that
particular interval is calculated as follows:

probability of the wave run-up lying within the given intenal per high tide*
probability of failure occurring given the wave run-up limit is within that intemal.

Assuming the beach width is fixed, the probability of failure for a particular beach width is given by:

2 probability of the wave run-up lying within the given interval per high tide*
probabiliry offailure occurring given the wave run-up limit is within that intenal.

o Step 4: Identify the number of likely breacb events in a given year
The number of likely breaches in a year is then simply given by:

t probability offailure occurring assuming a given beach width per high tide*
total number of high tide events in a year (i.e. 707 possible events)

The calculations for the present day conditions are presented in Table l. From inspection ofthe results, a
sensible minimum beach width is130m. as maintained. a wider beach offers little further reduction in risk.
It is. however. considered that a narrower beach width of l20m mav be tolerated for shorter times
(Figure 8).

4.5 Performance of the minimum beach width under extreme swell conditions
Until recently swell waves have not really been included in the design of coastal structures. Recent
research (Hawkes el al 1997) has, however, shown that swell waves can have a significant impact on
coastal structures, especially beaches. Therefore it is important that the impact ofthese events is
considered.

Two swell conditions were selected, the 1 year and l0O year which have a respective significant wave
heights of 2.3m and 4.lm and an average wave period of 16s (HR Wallingford 1997a). It should be noted
that for swell conditions it is particularly difficult to identify a corresponding water level due to these
conditions arising remotely from the site. Therefore, it was assumed that the MHWS water level was
appropriate based on the observation that both conditions are likely to happen when there is either a high
astronomical tide wilh a low surge or a 1ow astronomical tide with a high surge.

The SHINGLE model predicted both that the 1 year and 100 year swell event would cause significant
damage to East Beach, even with a beach width of 130m the cutback caused significant profrle changes
extending up to lOm and 30m behind the seaward crest (Figure 9 & 10). 0t should be noted that once the
landward limit of profile disturbance, as predicted by SHINGLE, migrates beyond the landward edge of
the beach crest, the beach can be effectively considered to have failed and subsequent profile predictions
are no longer valid.)
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An empirical formula developed by Bradbury links wave steepness with a barrier inertia parameter to
make a judgement on the likelihood of a shingle barrier breaching (Bradbury, 2000). This formula
indicates that East Beach is likely to fail in both swell conditions are considered. However, the formula
has only been validated for wave steepness as between 0.032 and 0.057 well above those of typical swell
conditions. The wave steepness for the I year and 100 year swell event is 0.004 and 0.006 respectively.

Both Bradbury and SHINGLE, therefore, suggest that there is a risk of failure due to swell events when the
beach width is 130m. Howeveq its risk is considered acceptable, a conclusion confirmed by the results of
the physical model that show little evidence of a breach forming.

From the analysis, it is reasonable to assume that during a swell event there will be significant movement
in East Beach. Both numerical techniques are being used outside their current limits and therefore, the best
information available is the physical model results, which suggest that the beach will remain intact as long
as the l30m beach widtlr is maintained. However after such an event, the beacb may require re-profiling
or renourishment to reinstate the minimum width of 130m.

4.6 Sensitivity of the cross shore response of the beach to climate change
Sea level rise will have an impact on the hydraulic conditions that reach the East Beach in the form of
larger wave heights reaching the beach causing waves to run further up the beach. The impact of sea level
rise on flooding, say over l0 years and assuming sea level rising at a rate of 5mm/yr, will be an increase rn
risk levels of approximately 5 percent (Tables 3 to 7). There will, therefore, be a need to monitor sea level
rise and storminess and modified the minimum beach width as necessarv. It is recommended that this
review is done on a 5 yearly basis.

5. MAXIMUM BEACH WIDTH

This section considers the maximum beach width at which bypassing of material from East Beach into the
Harbour entrance is becomes unacceptable.

5.1 Physical model observations
The physical model described in HR Wallingford Report 8X4044 (HR Wallingford 2000a) was run for a
number of wave and water level conditions from 1605{. The beach was allowed to build against the East
Pier and in all conditions, bypassing ofEast Pier started when the beach width reached approximately
160m. The results from the physical model were the used to adjust the BEACHPLAN model so that the
performance ofthe East Pier Extension could be better represented in the numerical model.

5.2 Numerical model results
BEACHPLAN was run for a period of 20 years to estimate when shingle material would bypass the East
Pier Extension and enter the Harbour entrance. By inspection, it was found that once the beach width
reached approximately 150m then some small bypassing was observed, but it was not until the beach width
passed l60m tbat significant bypassing was observed (Figure 1 l); a result consistent with the observations
made in the physical model.

The majority of bypassing usually occurs in years when high nett east to west drifts occur (Figure l2).
However, even during periods when tbe nett longshore drift is eastward away from the pier, some
bypassing still occurs as the drift because direction and magnitude fluctuates. For example, as seen in
Year 7 plotted on Figure 12, the nett longshore drift is negative but some bypassing still occurred during
the year.

5.3 Sensitivity of the Iong shore response to the beach to climate change
Sea level rise will have minimal impact on the movement of beach material along Chesil Beach. It is more
likely that the long term evolution ofEast Beach will be affected by changes in the direction, frequency
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and intensity of coastal storms. It is very difficult to estimate, at present, possible changes in storm
occurrence, although there are indications that both storm intensity and frequency might increase slightly
(Institute of Hydrology, 1994). This topic is presently being investigated but no firm recomnendations
have yet been made.

A climate change scenario in which westerly winds became more frequent, and south eastedy storms less
common, would result in a long term erosion problem along East Beach. Altematively if the trend was
reversed then shingle intrusion into the harbour would increase dramatically. Current thinking suggests
that there may be a20Vo chance of aprolonged south-easterly drift, perhaps a 607o chance ofno change to
the existing drift pattem and a 20Vo chance of a north-westward drift setting in. Drift pattems will need to
be monitored carefully to help with the operational management ofthe beach but have little impact on
selecting the maximum and minimum beach widths.

6. BEACH MANAGEMENTSTRATEGY

A beach management strategy for East Beach needs to optimise recycling and renourishment activities to
reduce the risk of flooding and the risk of significant bypassing of East Pier. Modelling of the beach
indicates a number ofpossible beach plan shapes and their potential implications for coastal management,
which are shown in Figure 13.

The strategy, therefore, needs to consider maintaining the beach within set limits. From the cross shore
and long shore modelling the following limits have been derived:

o Extreme Lower Limit
o Lower Limit
. UPPer Limit
. Extreme Upper Limit

= 120m
= 130m
= 150m
= l60m

It is difficult to manage a beach, which is very mobile and can fluctuate in beach width by 20m between a
matter of months without active management, with periods when the beach will be under nourished (i.e.
less than l20m wide), and times when there may be sigaificant bypassing into the harbour.

HR Wallingford Report EX 4137 considered some simple strategies for recycling at a constant rate of
5,000m'/yr and 10,000m'/yr in order to maintain the beach width within the acceptable limits
(HR Wallingford, 2000c). Both of these strategies reduced the total amount of shingle entering the harbour
from the 'do nothing' scenario of 23,000m3 to 19,000m3 and 16,000m3 respectively over a period of 20
years (Figure 14). The greatest bypassing requirements occur when the nett longshore drift is between
20,000rni/yr and 40,000m'/yr with the majority ofeast to west drift taking place in a shorter period of I to
2 monlhs. Even with re-cycling rates of 10.000m1/yr. beach movements can not be controlled. During
these periods ofhigh ald short duration longshore drift rates, a more intensive recycling regime is
required.

Therefore, to minimise shingle intrusion and flood risk, an observational approach is recommended to
assist in managing the beach width. This approach consists of a simple three point action plan:

Measured Beach Width
Beach widths are between 130m and l50m

Beach width lower than 120m

Beach width greater than l60m and high
longshore drift

Action
Do Nothing

Renourish 1,800m3 per month until beach
width greater than 130m

Recycle 13,500m3 per month until beach
width less than l50m
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Using the same time series of wave data used for the 'do nothing' scenario, the following works were
simulated in an attempt to manage the beach over a period of 15 years. This period encompassed both
recycling and renourishment needs.

Month

Month 31 to 34

Month 42 to 43

Month 75 to 77

Month 85 to 87

Month 155 - 180

Percentage of time that
Beach Width is at

l20m
l30m
l50m
160m

Work undertaken

Recycle at 13,500m' per month

Recycle at 13,500m3 per month

Recycle at 13,500m3 per month

Recycle at 13,500m3 per month

Renourish at 1,800m3 per month

'Do Nothing'

8Vo
137o
187o
1 0

Observational Beach
Management Strategy

l4%
37%
t3%
5Vo

The comparison between the 'do nothing' and the beach management approach shows that the beach width
can be conirolled such that the majority of the time the beach is within the acceptable limits (Figure 15) by
recycling a total of 162,000m3 and renourishing a total of 45,000m3.

As discussed eadier, the risk of flooding is perhaps easier to manage as remedial works, such as
renourishment can be initialised when required or some secondary action such as flood waming initiated as
a precaution. Shingle intrusion is more difficult to predict, particularly the optimum time to extract/re-
cycle material from the beach. Even with an intensive extraction effort, shingle will still enter the harbour
and will require subsequent removal by a dredger. Comparing the results of the 'do nothing' and the beach
management strategy shows that by passing is reduced significantly from 23,000m' to 8,000m' over a
penod of 15 years (Figure 16).

Regular monitoring will be required to observe the movement of beach material and determine the
appropriate action. The impact of carrying out re-cycling and renourishment works on the beach width is
plotted in Figure 17 and summarised below:

These results show that carrying out recycling to limit shingle intrusion pushes the then position ofthe
beach landwards. Any work undertaken pre-winter should, therefore, ensure that the flood defence is not
compromised.

7. CONCLUSIONS

The study assumed a design profile for the shingle bank comprising a lOm wide crest at +7.5nODN with a
lin 6 leeward slope. Seaward of the crest, the beach sloped at 1 in 3, merged into a I in 8 slope. The
offshore bathymetry sloped at 1 in 100. The design profile is based upon beach cross sections Fovided by
WDDC in April 1999 in preparation for the physical model.

["* *r,"6o,0 Ej 4t26 0r08lQQ



The conclusions of the study are:

. Modelling of the long-shore and cross-shore processes have indicated that the defined beach width
(distance from the base line to the mean water level) should be maintained within the following limits:

- Extreme Lower Limit = 120m
- Lower Limit
- Upper Limit
- Extreme Upper Limit

= 130m
= 150m
= 160m

o If the do nothing scenario is adopted then there is a high chance that an unacceptable volume of
shingle will enter the harbour entrance. This will require excessive dredging to clear the entrance, \rith
attendant environmenlal and economic consequence,

. The longshore drift can vary in both directions from month to month. It is therefore difficult to
identify a set amount to re-cycle or renourish per annum. An observational approach is proposed to
reduce the likelihood of beach material by passing East Pier and entering into the harbour. Even with
this approach some dredging will still inevitably be required.

o Narrowing the beach by extraction of material in the vicinity of the harbour entrance, in order to
minimise the risk of sediment ingress into the harbour, will necessarily increase the risk of local
breaching and overtopping of rhe beach. This is best managed by careful re-use ofthe re-cycled
material. It is suggested that tbe crest of the berm is locally widened/raised where there is significant
room to implement this, rather than re-cycling to a point some distance to the east of the study
frontage.

o The results discussed are based on previously occurring wave conditions, and there is no guarantee that
similar wave conditions will continue in the future. It is therefore important that the beach is carefully
monitored so that robust management decisions are made based on the real time evolution of the
beach. As further information is collected, a better understanding of the beach will allow further
enhancements to the modelling and decision making process.

In terms of climate change, the main impact will be any change in storminess (i.e. magnitude of storms
and direction) rather than sea level rise as long as the beach is maintained at a width higher than the
minimum beach width.

In terms of large swell events, which are regula y observed in Lyme Bay, the beach will perform
satisfactorily as long as it is maintained at a width higher than the minimum beach width. However,
after a significant swell event some re-nourishment or re-profiling work is likely to be required.

8. RECOMMENDAT]ONS

The recommendatio s of the study are:

L The beach width should be maintained between l30m and 150m, but should not exceed l60m or be
less than 120m. The defined beach width is measured from the model base line.

3 .

An observational approach to beach management should be adopted with re-cycling and re-
nourishment being undertaken when required. Care needs to be taken that to ensure the risk of
flooding is not increased to an unacceptable level when re-cycling material.

The economic and environmental consequences ofre-cycling or allowing material to by-pass East Pier
should be carefully assessed in order to determine what the best beach management policy is.

2.
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Table 2 Predicted overtopping of East Beach

Table 3 Impact of climate change on the likely number of events causing failure

Return
Period
(years)

Mean Overtopoins Rate
+7.5mODN

(Vs/m)
+5.0mODN

(Us/m)

0.1 0.0 0.0
0.5 0.0 0.0
1 0.0 0.0

2.5 0.0 0.1
5 0.0 o.2
10 0.0 0.4
100 0.0 2.6
200 0.0 3.7
2000 0.0 12.2

Scenario Beach Width
110 120 125 130 140 150

Present 5.2 o.7 o.2 <0.1 <0.1 <0.1
5 Years 5.2 0.7 0.2 <0.1 <0.1 <0.I
10 Years 5.5 0.8 o.2 <0.1 <0.1 <0.1
25 Years 5.9 0,8 0.3 <0.1 <0.1 <0.I
50 Years 6.6 0.9 0.3 <0.1 <0.1 <0.1
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Change from baseline (M)

Figure 1 Plan of East Beach
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Comparison wllh the ptryslcal modol rssultE and Ehlnglo model
100 Year Condlllon

Figure 2 Comparison ofthe physical model and SIIINGLE model - 100 year condition (IIs =
5.0m, HWL = 2.6mODN)

Compsrison wllh the phFicsl model resuhs End Ehingla modol
2000 Y..r Condition

Figure 3 Comparison of the physical model and SIIINGLE model - 2000 year contlition (r{s =
5.0m. EWL = 3,0mODN)
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Figure 5 Proportion ofswell against significant wave height (wind sea) in Lyme Bay

Figure 6 Criticsl failure scenarios
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East B€ach Cross Shore Resoonss ModEl
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Figure 7 EastBeach cross shore response model (beach width = 130m)
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Figure 11 Time series of beach width and bypassing of East Pier Extension - do nothing scenario

Figure 12 comparison between the bypass of East pier Extension and longshore drift
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Figure 13 Summary of possible beach plan shapes antl their implications
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Figure 14 Comparison of simple beach management strategies on controlling bypass

Figure 15 Comparison of beach widths between the alo nothing icenario and the beech
mtnagement strstegJr
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Figure 16 Impact of beach management strategy on controlling bypass

Figure 17 Frequency distribution of beach width
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