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Summary

Poole Borough Coastal Strategy Study

Report EX 2881
February 1895

As the first step in establishing a Shoreline Management Plan, Poole Borough
Council commissioned HR Wallingford to carry out a wide ranging coastal
processes study. The study was based on a number of previous projects
carried out for this area of the coast, but a substantial amount of new work
was needed to produce this report. The overall pwrpose of the study was to
provide an understanding of the present coastline, an assessment of its
coastal defences, and to suggest suitable methods for managing the shoreline
in the future.

This involved a number of tasks, first providing a quantitative understanding
of the waves and tides affecting the Borough's coastline both within Poole Bay,
and inside Poole Harbour. In view of ihe fkelihood of further Shoreline
Management Plans being cartied out for adjacent strefches of coastline, the
numerical modelling necessary to define the hydraulic environment of the coast
was deliberately extended well beyond the limif of the Borcugh’s boundaries.
information on both normal and exireme wave and tidal conditions was
produced and validated against previous measurements.

Before considering the need for defending the coast, it was necessary to
understand how it had evolved to iis present position, and how it would
develop naturally if its coastal defences were not maintained. Apart from an
examination of the geological formation of the coasilineg, and its recent
historical changes, this also involved calculations of the rates of movement of
sediment along the beaches.

The present state of the coastal defences was examined, from a functional
viewpoint as well as an appraisal of their remaining life. This information,
together with information on the land-use behind the defences, and the
hydraulic and sedimentary processes, was used to define a number of
"Management Units" for the Borough’s shoreline.

For each unit, the need for maintaining and/or improving the defences was
examined. Where appropriate, possible options for the future management of
each unit were identified and ranked according to imporiance, bearing in mind
factors such as efficiency, cost and impacts on the environment. These
options and their rankings were discussed with staff from the Borough Council
to ensure that local sensitivities were taken into account.

The resulting management plans proposed here for each unit will be used in

further discussions with local interest groups, and this will form the basis for
a formal Shoretine Management Plan to be submitted to MAFF by the Council.
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1 Introduction

1.1 Background

The coastline of Poole Borough is very varied (see Figure 1.1). Much of it lies
within Poole Harbour, one of the largest natural harbours in Europe. Although
the River Frome discharges into the Harbour, its flows are small compared to
the volumes of water entering and lsaving on each fide. In that sense, the
Harbour is best regarded as a tidal inlet. Although the area of the harbour is
large, the entrance to Poole Bay is narrow and there are many islands and
inlets, with the result that the coastline within it is generally well sheltered from
severe wave activity. As a consequence of its hydraulic regime, the coastline
has been developed for both commercial and recreational maritime activities.
in addition, the harbour is of international ecological importance, especially
because of its wading birds.

The Borough also has a more exposed sandy coastline, backed by dunes and
cliffs, in Poole Bay, which is a highly regarded asset of the tourism and
amenity industry, and also has considerable value as a site of geological
importance.

The construction of engineering works to protect the coastline from erosion,
and flooding from the sea, has been carried out for many years. Without such
works, there would have been considerable loss of cliff top land along the
shoreline of Poole Bay, and it is very likely that the narrow "neck” of the
Sandbanks peninsula would have been breached. In addition, there have
been a number of quite large reclamations within the Harbour, also requiting
protection. The result of all these activities has been to leave the present
Council with a wide range of coastal defences of different types, ages, and
conditions. In places, there are presently problems of overtopping of the
defences during severe storms, leading to flooding, and of beach erosion,
leading to the exposure of the toe of defences and the threat of their collapse
and subsequent erosion of the vaiuable land behind.

In order to manage these defences efficiently in the coming years, Poole
Borough Council have decided to draw up a Shoreline Management Plan for
their frontages. Such Plans are a recent concept, actively being promoted and
supported by the Ministry of Agriculture, Fisheries and Food who administer
the Coast Protection Act, and provide Grant Aid to local authorities carrying out
coast protection schemes under this Act. The aim of a Shoreline Management
Plan (SMP} is to set clear strategic guidelines for the management of defences
along a coastline, bearing in mind the practical constraints, the appropriate
standard of defence, and the environmental sensitivities of the coastiine.

This report describes a wide ranging study of the hydraulic environment,
coastal processes, and defence measures, commissioned by Poole Borough
Council as the first stage of the development of a Shoreline Management Pian.

1.2 Terms of Reference

The large number of previous studies carried out by HR Wallingford for
engineering schemes in Poole Harbour and Poole Bay provided a base on
which to build the present investigation. For example, a number of numetical
models of waves and tidal flows, validated against extensive field
measurements, were made available with the approval of clients stuch as Poole
Harbour Commissioners and British Petroleum. -
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The full terms of reference for the study are presented in Appendix 1 to this
report, but can be briefly summarised as follows:

() Hydraulic and sedimentary regime - to review, model, and define the
hydraulic processes affecting the coastline of Poole Borough, including
wave conditions, fidal levels and tidal currents. From this to define
design conditions for coastal defences. Also to review the sediment
transport processes along the coastline of Poole Bay and within Poole
Harbour.

(i) Longterm development and character of the coastline - to review the
geological development of the coastline, its recent historical changes and
describe its character.

(i) Present state of the coastline - to define the areas of erosion or
acecretion, the present conditicn of the defences, and review historical
flooding or damage events. Also to define the land use behind the
defences, with the idea of setting appropriate standards of protection for
the defences, and to help in initial cost-benefit analyses,

(iv) Environmental impact review - to examine the sensitivity of the
environment to various shoreline management methods, and identify any
measures to enhance the environment, or mitigate damage to, it as a
result of defence schemes.

(v} Recommending future monitoring and management measures -
based on a logical division of the Poole Borough Shoreline into
‘management units", to identify the most promising methods for
maintaining adequate defences against the sea, to priotitise any
necessary schemes, and to recommend appropriate monitoring as part
of the management plan.

1.3 Report outline

The following chapter deals with the waves and tides affecting Poole
Borough's coastline. Tidal modelling was carried out for a large area
stretching from west of Portland Bill to the western Solent and the Isle of
Wight. This provides a useful staring point for future Shoreline Management
Plans for other authorities along this part of the south coast of England. The
methods used, howsver, allowed very detailed resolution of the Poole Borough
coastline. Waves were predicted both offshore, and at a large number of
points along the shorelines of Poole Bay and Poole Harbour. Of considerable
Interest in planning coastal defences is the simultaneous occurrence of large
waves and high tidal levels; this too is covered in Chapter 2.

Chaptar 3 considers the geological formation of the coastiine and its recent
development, identifying present-day as well as historical erosion rates. This
information is vital in considering one of the coastal management options, that
is to allow the coastline to develop naturally, with no further expenditure on its
defence - the so called “do nothing" option.

Chapter 4 describes how the Pools Borough frontage has been divided into 14
management units. The characteristics of each unit, in terms of hydraulic
conditions, coastal geclogy, foreshore and coastal structures as well as land
use and environmental sensitivity are described in detail.
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Chapter 5 goes on to examine options for management of the Poole Borough
coastline.  Options for management of each unit are reviewed and
recommendations are made on the most suitable means of managing and
monitoring each unit.
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2 Tides, waves and water levels

2.1 Tidal flow modelling

2.1.1  Introduction

The marked variations in tidal range and asymmetry and the complex patterns
of tidal flow are an important feature of the study area. Off Portland, for
exampie, the tidal range on mean spring tides is in excess of 3m; there the
tidal curve is relatively symmetrical. At Poole, on the other hand the range is
as small as 1.7m, and the tidal curve Is strongly distorted, having a double
high water and only a short "stand" at low water.

Offshore the main tidal streams are generally parallef to the ¢oast, being In an
easterly direction on the flood tide and in the opposite direction on the ebb.
Closer inshore, tidal flows are very complex, particularly in Weymouth Bay,
Swanage Bay, Poole Bay and Christchurch Bay, all of which are strongly
indented. The flow patterns are further complicated by flows into and out of
the Solent.

For shoreline management it is thus important to have detailed information
about tidal flow patterns, particularly for sands and siits which are easily
transported in suspension. The distribution of tidal flows not only affects the
movement of material on nearshore bank systems but in areas such as Poole
Bay also helps to shape the beaches.

Because of the importance of tidal currents in determining sediment transport,
the tidal flow modelling has been extended to cover a much wider area than
Poole Bay and Poole Harbour alone. At the request of MAFF the tidal model
was extended to Portland in the west and the Isle of Wight to the east. The
model will thus be useful in the formulation of shoreline management plans
drawn up by neighbouring authorities in Dorset and Hampshire, as well as
being applicable to the west coast of the Isle of Wight. It will also provide
useful data for any offshore studies that may be carried out in this area.

The model has been designed so that its grid can be easily refined and can
be made to give a high degree of detail in any specific area of interest, by
patching in more detailed bathymetry by reducing the size of grid elements.
This is precisely what is being carried out in a follow-up study by HR for PBC
(HR, EX3083, 1994} where a detailed examination of tidal flows off Sandbanks
is being made, to examine the best form of defence needed to combat erosion
in this area. The head of the Sandbanks peninsula has been shown to be
under threat as a result of very rapid inshore tidal currents, caused by the
deepening of a tidal channel (the East Looe Channel).

2.1.2  Model desctription

The tidal flows between Portland Bill to the west, St Catherines Point on the
Isle of Wight to the east, and Calshot at the entrance to Southampton Water
to the east-north-east, have been modelled using a depth-averaged flow model
called TELEMAC-2D. This model, which was developed by Electricité de
France (EDF), employs finite element techniques with a completely
"unstructured" grid, which allows one to resolve tidal flow in fine detail in an
area of interest, but uses a coarser resolution at the model edges, thus
enabling boundaries (and any undesirable boundary effects) to be distant from
the area under study,
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The model mesh is shown in Figure 2.1, [t can be seen that the greatest
degree of refinement is in and around Poole Harbour because of the complex
bathymetry there, and because of the complexity of the coastal configuration.
Poole Harbour includes a number of islands which had to be resolved in order
to reproduce tidal flows correctly. There is also a finely resolved grid within
the Western Solent up to Calshot at the entrance to Southampton Water
because of the complex bathymetry (large intertidal flats bordering a deeply
incised approach channel). Finally the whole of the mainiand coast and that
of the Isfe of Wight are resolved in fine detail, because of the rapidly changing
coastal configuration and nearshore bathymetry. The maximum grid size was
about 100m around Poole Harbour, 150m along the coast and in the West
Solent, increasing to 500m offshore and towards the seaward boundaries of
the modal.

The bathymetry of the model area is shown in Figure 2.2 at two levels of
detail. The top part of Figure 2.2 shows the general seabed contours out to
60m depth; this was taken directly from a previous uniform 400m grid modet
of the area (HR, EX2228, 1991). This model, called TIDEWAY, was used to
set up a mesh of water depths at the node poinis shown in Figure 2.1. HR
Wallingford’'s TIDEWAY model also contained much of the information on
boundary conditions, water levels, tidal levels etc which were needed for the
setting up and calibration of the present model. Within Poole Harbour itself,
and around the coastlines within the model, additional detail was obtained from
contemporary bathymetric and land survey data.

Boundary conditions for the TELEMAC model were generated by creating tide
curves at 9 locations around the edges of the model. Apart from the normal
tidal constituents needed to represent tides in UK waters six other constituents
were also used in this model to accurately define the varying tidal curves
throughout this complex area. Each constituent represents one of the
apparent rotations of the sun and moon around the Earth, having periodicities
ranging from roughly 24 hours down to 4 hours. The tidai curves were then
interpolated to define the tidal elevation at all intermediate boundaty positions.

2.1.3  Model calibration and validation

The Poole Bay area is very well served with tidal data. On 24/25 April 1890
British Maritime Technology (BMT) carried oui mid-depth and near-bed current
observations simultaneously at three sites in Poole Bay, as well as making
observations of tidal level at Bournemouth Pier. This tide, extending from one
low water to the next (ie a full fidal cycle} was selected becauses it had a range
of 1.8m at Bournemouth, which is very close to the mean spring range of
1.7m, and also because both low waters had approximately the same
elevation. This data had previously been used to calibrate HR's TIDEWAY
model of the area (HR, EX2228, 1291), .

Apart from the 9 tidal curves synthesised on the model boundaries (and used
for driving the model) tidal curves were also synthesised at 5 positions within
the model itself for comparison with the model output. The synthesised curves
can be considered as tidal data, in the same manner as Admiralty curves are
used for tidal predictions.

Figure 2.3, which is the tidal level calibration, shows the comparison between

the model results and tidal elevations synthesised and observed for the mean
spring tide chosen. It can be seen that the model gives an extremely good
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representation of the highly variable tidal regime in the study area. In different
locations the tides vary in range, phase and shape.

The ftidal curve at Calshot (Western Solent/Southampton Water) is well
represented despite being close to the eastern boundary of the model.
Similarly Chesil Beach is very accurately represented on the western boundary
of the modsl. Freshwater, which is situated on the south-west coast of the Isle
of Wight, is also very well represented, the high water "stand" being very
simitar in both the synthesised and in the model tidal curve. At Poole Harbour
entrance the double high water and the tidal range are also well represented,
despite the very complex tidal regime in this area. Finally there is also a good
cotrelation between observed (actual} and mode! observations in the central
part of Poole Bay. The double high waters at the latter three locations are
caused by the propagation of the tide up the English Channel and the
presence of an amphidromic point (point of zero-tidal range) near Poole.

Having calibrated and checked that the tide was represented accurately in all
parts of the study area, attention was then given to tidal current patterns in the
western part of Poole Bay. The model results were compared with
observations of tidal currents at the three BMT observation sites in Poole Bay
and this Is showt: In Figures 2.4 and 2.5. Position 1 is situation on the east
flank of Hook Sand while position 2 is a further 1¥%2km eastward into Poole
Bay. Position 3 is also situated in the west part of Poole Bay some 3%km
north-east of Handfast Point (HR, EX 2228, 1991). The BMT observations
were scaled by standard numetrical methods to give depth-mean currents so
as to be directly comparable to the depth averaged flows produced by the
TELEMAC model. It can be seen from Figure 2.4 that both the direction and
the speed of tidal flows at all thres sites were very well represented by the
model and gives us confidence in the interpretation of tidal flow patterns within
the study area, Predicted tidal currents within Poole Harbour were not
compared with measured values in the present study, However, such
validation has previously been carried out in connection with studies of the
navigation channels within the harbour for Poole Harbour Commissioners
(HR, EX2122, 1990, HR, EX2160, 1990, HR, EX2532, 1892, HR, EX2903,
1993).

The model was also run for a mean neap tide (range about 0.7m) and this was
achieved by scaling the nine boundary tide curves for springs, according to the
ratio of the sum of the two principal tidal harmonics. The results of the
comparison of tidal current velocities at the three BMT positions is shown in
Figure 2.5. It can be seen that the comparisons are very good for all three
locations.

The model was also compared for a number of Admiraity diamonds in the area
from which peak ebb and flood velocities were abstracted and compared
against the model results, see Figure 2.6. Again the compatrison is very good
within the study area with the exceptions of the western boundary in the
vicinity of Portland BIli,

2.1.4  Modef output

In order to provide a detailed coverage of tidal current patterns over the study
area, predictions of water level, tidal current speed and direction, were made
at the 103 locations, shown in Figure 2.7 which extend out to the 50m depth
contour. For greater clarity tidal flow patterns within Poole Harbour itself are
shown as iidal vectors, see below. '
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The predictions have been made for both mean spring and mean neap tides,
with the time interval between readings being 20 minutes. A vast quantity of
data has therefore been assembled and this has been passed on to Poole BC
in digital form. For each prediction position the data includes the grid
reference, the current speed {m/s), direction (° grid N) and tidal elevation (m
ODN).

In this report information has been summarised in the form of tidal vectors
which give a representation of "streamlines”. The results are shown in Figures
2.8 to 2.19, at hourly intervals over a mean spring tidal cycle. It can be seen
that the peak ebb flow generally occurs at around low water in the northern
part of Poole Harbour (between Poole Town Quay and Sandbanks). An hour
after low water the tide has turned and the flood tide increases to reach a peak
within the harbour about three hours after low water. By six hours after low
water (at about the time of the first high water) conditions are virtually
quiescent and after seven hours the tide has turned in Poole Harbour and
Poole Bay. Ebb flows in the Harbour drop significantly around nine hours after
low water due to the "double high water" effect but are unaffected offshore in
Poole Bay. At 10 hours after low water a strong ebb flow has set in again.

The high tidal velocities have an important influence in a number of areas.
Around Lower Hamworthy there are sirong tidal flows which affect ship
movements into and out of the commercial port and the adjacent marina
(Unit 12). Any developments in this area which are carried out in the intertidal
zone should ideally examine fidal flows "before” and “after" construction,
Currents are also very rapid in the Back Water Channel in the entrance to
Holes Bay and these fast flows also affect the Town Quay frontage (Unit 8).

Flows around the rest of the periphery of Poole Harbour, Holes Bay and
Lytchett Bay are generally low. This situation could be altered, however, by
the construction of any major structures. Again we would advocate "before
and after" tidal modelling for any future works in these areas, although we do
not anticipate any serious problems arising from the construction of small scale
structures (low short groynes efc).

The strongest currents occur in the entrance to the Harbour and Figure 2.20
shows peak ebb and flood flows in this area. It is evident that any coastal
works carried out around the head of the Sandbanks peninsula would need to
be considered in terms of their impact on ftidal flows. Figure 2.20
demonstrates that there are significant tidal currents along the east face of the
Sandbanks peninsuta. Analysis of contemporary bathymetric charts has
identified the growth of the East Looe Channel. Tida!l flows In this area have
a major bearing on conditions in the intertidal zone, due to the channel sides
now intruding on to the lower part of the beach, The tidal flows in this area
are being examined in a study of coast protection works which are needed to
prevent further deterioration of beaches in this area (HR, EX3083, 1994).

Towards the neck of the Sandbanks peninsula, there is a marked reduction in
tidal velocities and an increasing exposure to wave action towards the
Bournemouth frontage. There is evidence that the East Looe Channel may be
extending in this direction (HR, EX3083, 1994) so tidal currents may play an
increasing role in beach management in the central part of Management Unit
1 in future years (see Chapter 4).
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For the purposes of clarity colour maps have also been presented which show
the general distribution of peak ebb and fiood flows at the Harbour entrance
on a mean spring tide, (see Figures 2.21 and 2.22). These flows are
superimposed upon the seabed contours and show the main flows to be
concentrated in the Swash Channel outside the harbour, and in the channel
between Brownsea lsland and the inner face of the Sandbanks peninsula. The
strong flows in the East Looe Channel are also clearly illustrated. (Due to the
time-lag between the entrance and the upper reaches of the harbour the maps
do not show the rapid flows around Lower Hamworthy and along the Town
Quay).

Figures 2.23 to 2.29 show spring tidal current velocity patterns on a more
regional scale, extending from seawards of the Isle of Purbeck eastward to
Hengistbury Head. These "streamlines” show the general patterns of offshore
movements at a relatively coarse scale of model intetrogation.

2.2 Wave modelling in Poole Bay

2.2.1 Review of sources of wind and wave data

{i) Wind data

Wind data is important as input to any wave prediction work. ideally, accurate
long-term sequential over-water wind conditions would be used. However, this
is rarely available, and instead land wind data is often used, with wind speeds
suitably increased to be representative of speeds over open water.

For UK sludies, wind data from Met Office coastal (or near-coastal)
anemographs is preferred. The perfect wind recording station would provide
tong-term sequential data in digital format, would be well exposed, for example
on a cliff top, and would be in continuous operation. There are several
possible anemograph stations near the region of interest (see Figure 2.30).
Although all of them provide sequential wind data in digital format, none has
all of the desirable characteristics identified above.

The anemograph at Portland Coastguard Station offers over 20 years of wind
data from a well exposed site, but was withdrawn from service in
February 1992. Hum also offers over 20 years of data, and is still in
operation, but being several kilometres from the coast, the wind speeds are
not representative of open sea conditions. Calshot offers nearly 20 years of
data at a site very representative of conditions in Southampton Water and
the Solent, but was withdrawn from service several years ago. Lee-on-Solent
offers about 15 years of data at a site represeniative of conditions in
the Solent, but was withdrawn a few years ago. Thorney Island offers over
20 years of data, but is generally accepted to be under-exposed in comparison
with winds over the sea. St Catherines offers many years of data, continuing
operation and a well exposed location on the southern tip of the Isle of Wight,
but the wind gauge is not of a continuously recording type. Wind data
measured in Poole Harbour from 1991 to 1993 was supplied to HR Wallingford
by Poole BC, but because of the relative shoriness of the record, this data was
not used directly, but only for comparative purposes.

Winds at each site were compared. Portland was chosen as the best source
of wind data for simulation of waves generated in the open sea, although still
with some modifications for the differences between recorded wind speeds and
those expected over the sea. Because of its more sheltered position, and the
assumption that all waves are locally generated, Hurn was chosen as the best
source of data for prediction of waves within Poolé Harbour, although still with
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some speed madifications for some directions. Wind roses, based on data
as recorded at Poole Harbour, Portland and Hum are shown in Figures 2.31
{0 2.33.

(iiy Wave data

Poole Bay has been the subject of several wave recording and prediction
studies. Bournemouth Borough Councif funded the University of Southampton
to record waves off Southbourne 1974-79 (Henderson and Webber, 1974-79).
BP commissioned HR Wallingford (EX2373, 1991) to record waves off
Poole Harbour entrance over the winter of 1990-91. HR Wallingford has
carried out several numetical model studies of Holes Bay, Poole Harbour,
Swanage Bay and the Bournemouth BC frontage. A further series of studies
funded by BP in connection with the possible construction of an artificial island
off Poole Harbour entrance considered waves, currents, sediment transport,
coastal defences, and any impact that the proposed island might have.

Perhaps the most relevant reports in terms of wave prediction are those
prepared for Bournemouth BC (HR, SR146, 1986) and for BF (HR, EX2228,
1991 and HR, EX2508, 1992). These reports describe the validation of
numerical wave models against field wave data, and the derivation of wave
climate data for about a dozen nearshore locations based on 15 years of wind
data from Portland.

The existing measured and predicted wave data was not used directly in the
present study, but experience, model calibration and digitised bathymetry were
used in setting up the models for the present work.

222  Methodology for the offshore wave climate modelling

in Poole Bay

(i Backaround

Wave conditions along the coastline between St Catherines Point and
Portland Bill are best evaluated by using a two-stage approach. In deep
water, ie greater than about 25m in the present case, the effects of the seabed
on the character of waves are small in comparison to the effects of winds.
Closer to the shore, the effects of the seabed and headlands become more
important, and dominate effects due to the wind. In this study, the proposed
numerical simulation of the generation of waves in deep.water, and of their
transformation in shallow water, considers the two aspects separately. In a
previous study in Poole Bay (HR, EX2508, 1992), wave measurements have
verified that this approach provides reliable estimates of actual conditions.

(ify Methods

HR Wallingford has already carried out several studies of wave generation in
this area, A standard HR computer model, HINDWAVE, was used with input
wind data measured at Portland Bill from 1974 fo 1992. Most of this wind data
was already held at HR, but to improve the joint probability study (see
Section 2.5), a further approximately 2 years of recent measurements were
obtained during this study to extend the wave “hindcasting” to cover the whole
19 year period. Five locations offshore from the coast were selected on about
the 20mCD contour betwaen Portland and St Catherines (see Figure 2.30).
For each location, hourly wave conditions were predicted, and a synthetic
wave climate, ie a distribution of wave height, period and direction, was
evaluated.
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Stafistical methods were used to predict extreme wave conditions at each of
the offshore locations.

(iii) Qutputs
The offshore wave modelling provides:

Predicted hourly wave conditions at five offshore locations, which were made
available on floppy disks to Poole BC at the end of the study.

Tables and diagrams (eg wave “roses”) summarising the overall wave climate
for each location.

Predictions of extreme wave conditions, for a variety of direction sectors, and
for & varlely of return periods,

2283 The HINDWAVE offshore wave climate model

The HINDWAVE model takes as input, details of the geometry of the area in
which the waves are generated and hourly wind records from a local
anemometer station (in this case, Poriland). Output from the mode! is in the
form of hourly estimates of wave height, period and direction, which can be
condensed into the required probabilistic description of the wave climate.

A detailed description of the HINDWAVE model (Hawkes, 1987) can be found
in Appendix 2 of this report, but briefly the method works as follows.
Information about the shape of the wave generation area is presented as a
table of fetch lengths, drawn radially outward at, say, 10 degree separations
from the point of interest. Using this information, and a wave forecasting
model based on the JONSWAP method as modified by Seymour (1977), a set
of site-specific offshore wave forecasting tables are produced. Each table
gives the predicted wave height, period and wave direction for a wide range
of wind speeds and directions, assuming a particular (fixed) duration of that
wind condition.

A variety of such tables are computed corresponding to a chosen set of
durations, in this case 1, 2, 4, 7, 10, 14, 18 and 24 hours. Previous
experience of the mode! for this part of the English Channel showed no
improvements in wave predictions if longer durations were considered. Once
the set of forecasting tables has been completed, the second phase of the
process begins. At every hour during the period being analysed (in this case
19 years), the hourly wind records are vectorially averaged over the same
number of hours (ie duration) leading up to that hour as were used in setting
up the forecasting tables (ie over the preceding 1, 2, 4, .... hours). For each
duration, the corresponding wave height is obtained from the relevant table,
and the largest of all these values is chosen. This value is stored together
with the associated wave period and direction. This procedure is then
repeated for the next hour, up to the end of the period of wind data. Once the
hourly wave conditions have been produced it is possible to condense the
results into tables giving details of, say, the probability of particutar
combinations of wave heights and directions, or wave heighis and periods.

Now, although the HINDWAVE model uses a well accepted wave forecasting
method, it Is still possible, and indeed necessary to carry out some
modifications o improve its performance (Hawkes and Jelliman, 1993). inthe
first instance, it is important to aliow for the reduction in wind speeds over the
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land (where they are recorded) from their speeds over the sea surface. This
reduction factor generally depends on both direction and speed.

Previous experience with the use of wind data from Portland in the
HINDWAVE model had produced a set of wind speed adjustment factors.
Although generally the recorded speeds have to be increased, the position of
the anemomster on the top of the Isle of Portland tends to over-estimate winds
from the south-east. More detalled information on the adjustments can be
found in Appendix 2 of this report.

It has aiso been found that predictions from the model can be substantially
improved by limiting the duration over which wind records are vectorially
averaged. This is equivalent to making an assumption about the upper limit
of the diameter of a weather system; a similar effect could be achieved by
artificially limiting the very long fetch lengths to the south-west. Either method
of adjustment is reasonable because of the inherent simplicity of the way the
HINDWAVE model works. In the present study this limit was set to 24 hours.

224 Wave climate results

HINDWAVE was run separately for each of Offshore Points 1-5, (see
Figure 2.30) using 19 years of Portland wind data. The time series results
were retained for fater fransfer to Poole BC and for use in the joint probability
analysis. To make the results easier to use they were collated in the form of
annual probability distributions of significant wave height, mean period and
mean ditection.

Tables 2.1 to 2.10 are scatter diagrams of wave height against direction and
against period for each prediction point. These diagrams show the probability,
in parts per hundred thousand, of any particular combination of wave height
with either wave petiod or direction. The same information is shown in the
form of wave roses in Figures 2.34 {o 2.38.

The prevailing wave direction, and the direction from which the largest waves
come, is south-west to west-south-west. There is a secondary concentration
of waves from the east-south-east direction. Offshore Point 3 is significantly
less exposed than the other points due o its position. The annual ofishore
distribution of wave height is summarised as follows, averaged over four
prediction points (ie excluding the under-exposed Point 3). significant wave
heights of 2, 3, 4, and 5m are predicted to be exceeded approximately 12, 3.3,
0.65 and 0.08% of the time, respectively. '
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225 Extreme wave conditions

The significant wave height data given in Tables 2.1 to 2.10 was extrapolated
to extremes using the method described in Appendix 3. A three-parameter
Weibull distribution was fitted to the distribution of H, predicted for each wave
direction sector of potential interest at each offshore point.

Extreme significant wave heights were then determined, corresponding to
probabilities of 3 hours occurrence, in each of several different return periods.
These results are listed in Tables 2.11 to 2.15, together with a method for
estimating the corresponding wave period based on a typical wave steepness.
Tables 2.11 to 2.15 contain predictions of the “all directions” extremas. As
would be expected, these values are slightly higher than the highest of the
direction-dependent exiremes.

The largest predicted significant wave heights offshore come from direction
sector 210-250°N, with values of approximately 5%, 6% and 7%m for 1, 10 and
100 year return periods, respeciively.  The extremes predicted for
Offshore Points 1, 2, 4 and 5 are approximately equal. Since the Poole BC
frontage is protected from the full force of waves from the south-west, extreme
wave heights inshore will be significantly lower than offshore.

2.2.6 Methodology for nearshore wave climate modelling in

Poole Bay

{iy Background

As waves travel into the interior of Poole Bay from the open waters of the
English Channel, they are modified by the changing water depths. The partial
protection provided by Duriston Head is also important, especially for Studland
Bay and the eastern part of the Poole Borough frontage in Poole Bay. Wave
conditions during a westerly storm are therefore very different at Hengistbury
Head from those at Poole Harbour entrance, Numerical modelling was used
to quantify these changes, as an essential step in producing “nearshore” wave
climate Information at a number of locations around Poole Bay.

(iiy Methods

The wave transformation modelling proposed in this study was heavily based
on previous HR Wallingford studies of Poole Bay. An existing computer model
was reinstated, and was combined with the offshore wave climate information
(see Section 2.2.2) to calculate corresponding “nearshore” wave climates at
a number of locations both along the Poole Borough frontage, and elsewhere.

This wave climate information was used in later stages of the study to predict
extreme wave conditions for use in design studies, and to calculate longshore
drift rates for sandy beaches in Poole Bay (see Sections 2.5 and 3.3.4).

This modelling assumed a fixed tidal level (MHWS), thus providing a good
estimate of wave conditions occurring during the important upper part of the
tidal cycle. Because of the modest tidal range in Poole Bay the effects of this
choice {compared to say Mean Sea Level) on predicted nearshore wave
conditions, are small. However, that at low water the actual wave heights may
be slightly smaller than predicted (by choosing MHWS) is a somewhat
conservative assumption.

The sequential wave conditions predicted for the nearshore locations were
used at a later stage in the study to provide information on the year-to-year
variability of longshore drift rates along the sandy coastline of the Borough.
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Because of the choice of water level at MHWS for the wave refraction
calculations, the resulting estimates of drift rates are likely to be slight over-
estimates.

(iiiy Outputs

The nearshore wave climate information is presented in the form of a number
of tables and diagrams, in a similar manner 1o that used for the offshore wave
climates.

In addition, standard statistical methods were used {0 predict extreme wave
conditions, in the form of significant heights, periods and directions, at each
nearshore location.

The sequential nearshore wave data was made available to Poole BC on
floppy disks at the end of the study.

2.2.7 The OUTRAY inshore wave fransformation mode!

The majority of wave generation will occur in deep open expanses of water.
Whilst generation will not cease as waves reach shallower water, the effects
of the seabed become increasingly important. Wave refraction and shoaling
are usually considered together, as both are caused by spatial variations in
water depth. Shoaling involves a change in wave height consequent upon the
waves slowing down as they fravel through water of decreasing depth.
Refraction occurs when waves approach the coast at oblique angles of
incidence. it involves a gradual change in wave direction as waves travel
toward the coast. Both these processes are included in the standard refraction
programs used at HR Wallingford.

Refraction analysis produces sets of transfer functions for wave energy and
velocity, dependent upon frequency and direction. These take the form of
tables of coefficients relating conditions at the inshore point to those at the
offshore point, for each frequency and direction considered. The offshore
wave predictions are produced in the form of a directional spectrum, ie an
array of energy components as functions of frequency and direction. Each
member of the array is multiplied by the appropriate transfer coefficient in
order to derive the corresponding inshore spectrum. The specirum can then
be integrated as shown in Appendix 2, in order to calculate the usual
parameters, ie significant wave height, mean period and mean direction.

For the refraction analysis, a standard mathematical technique based on the
concept of wave rays was used. A full description of the model may be found
in Appendix 4 of this report. However, a brief explanation is given here. The
technique consists of following, or "tracking", rays seaward from an inshore
point to the offshore edge of the grid system. Each ray, which is a line
perpendicular to the wave crest, then gives information on how energy travels
between the seaward edge of the grid system and the nearshore point of
interest. By considering a large number of such ray paths a particular set of
matrices may be constructed. This set of mattices are known as transfer
functions because they provide a description of the transformation of wave
energy between the edge of the refraction grids and the point of interest.
Once the transfer functions have been evaluated, and because linear wave
theory is being used, the refraction of a large variety of offshore wave
conditions can be calculated fairly simply.
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During previous use and validation of wave models in this area (HR,
EX2508, 1992), diffraction of westerly waves around Duriston Head was found
to have a significant impact upon waves in the north-western part of
Poole Bay. A slightly modified version of QUTRAY, called QUTDIF, was
therefore used for the refraction modeliing in this study. This model simulates
wave energy ransmission around a “diffraction barries”, In this case
Durlston Head at the south-west extremity of Poole Bay. The diffraction theory
is that applicable to waves propagating into still water in the lee of a
semi-infinite thin breakwater (defined by angle of breakwater and position of
tip). The results from QUTDIF are in similar format to those from OUTRAY,
ie a transfer function of energy muitipliers dependent upon offshore wave
frequency and direction.

2.2.8 Setting up of OUTRAY for use in Poole Bay

The OUTDIF model works by “back-tracking” a series of “rays” to an “offshore
boundary”. Each ray represents a line which is parallel to the wave direction
and hence waves are said to be “tracked” by the ray paths. The density of
rays in a particular area corresponds to the concentration of wave energy: a
high density of rays means a high energy flux. It is therefore possible to
calcutate the transfer of energy from the offshore boundary to the inshore
points, and to summarise the results in the form of a “transfer function”.

Before running the model it was necessary to digitise the bathymetry in the
area of interest. This had been largely completed during previous studies (HR,
SR146, 1986 and HR, EX2228, 1991), but before use in the present study, the
bathymetry of the Poole Bay coast was re-plotted and checked. The
information is stored on a number of rectangular grids (see Figure 2,30), with
a depth value being supplied at each grid point. Dimensions of the ten grids
are given below:

Grid Distance between Number of grid points
number depth measuremenis (m)

{No) X {E-W} Y {N-S} Columns Rows
1 400 400 11 14
2 400 400 35 14
3 400 400 13 14
4 400 200 11 15
5 400 200 17 15
6 400 400 13 7
7 200 200 19 29
8 400 400 19 15
9 800 800 26 11
10 1600 1600 13 5]

in the above table the ‘rows’ are parallel to the x-axis which runs west to east,
and the columns are parallel to the y-axis which runs south to north.

The offshore boundary of the model was taken as the southern edge of the
grid system plus the part of the western edge of Grid 8 extending south of
Durlston Head. Deep water {or “offshore™) wave conditions are assumed to be
homogeneous along this offshore boundary.
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Eight Inshore Points A-H were chosen along the Poole Bay frontage on the
-2mCD contour (apart from Point D, where it was necessary to move the
prediction point to -4mCD to obtain satisfactory results). The refraction mode!
was run for each of Inshore Polnts A-H (see Figure 2.39) at a water level of
+2mCD, corresponding to Mean High Water Springs and a depth of water of
4m (6m at Point D). A total of 15 wave periods were used in the refraction
analysis, starting at 1.2 seconds and increasing in 1.2 second increments to
a maximum value of 18 seconds. For each of these periods an Inshore
angular separation between adjacent rays needed to be chosen. The longer
wave periods refract more strongly than the shorter wave periods and
therefore require a greater density of rays. The angular separations used in
this study were as foliows:

Wave period 1.2-6.0 7.2-13.2 14.4-18.0
(s)

Separation 1.0 0.5 0.25
(degrees)

OUTDIF calculates a transfer function for each inshore point, showing the ratio
between inshore and offshore wave energy as a function of wave frequency
and direction. These matrices are in a format compatible with the offshore
directional spectra produced by the first stage of HINDWAVE. When the two
are multiplied together, the equivalent spectra at the inshore points are
generated, from which the corresponding wave heights, periods and directions
can be derived.

2.2.9 The LOCALGEN wave model for use in Poole Bay

The main part of the wave modelling assumes that waves are generated only
outside Poole Bay, and that they are transformed by shaliow water processes
only within Poole and Christchurch Bays. Using this approach alone, wave
energy locally generated within Poole and Christchurch Bays would be
neglected. This energy could be significant when the wind is from either the
north-westerly or north-easterly quadrants.

To account for this, a second HINDWAVE model was set up to hindcast the
locally generated component of wave energy. For this purpose, fetch lengths
were measured from the general area of the inshore points to the edges of the
refraction grid. HINDWAVE was run to produce a time series hindcast of
hourly wave conditions generated within Poole and Christchurch Bays. This
wave energy was later added to that predicted by the main wave models.

2.2.10 The HINDRAY inshore wave climate model

An efficient method of combining refraction and HINDWAVE analysis (Hawkes
and Jelliman, 1993) was used in this study. A large representative sample of
wave conditions were put through the wave transformation procedure for each
inshore point, from which the transfer of all other wave conditions was inferred
by interpolation. Armed with this information, the wave condition “menus”
produced by the first stage of HINDWAVE were transformed into equivalent
inshore “menus” for each inshore point.

Retention of the efficient “menu” format for the inshore points allowed large

quantifies of sequential wind data to be processed with quite modest
computational effort. Hindcasting of wave conditions for each inshore point
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was then a simple matter, and was carried out in the same way, as for the
offshore points (see Section 2.2.4). The HINDWAVE part of the HINDRAY
model was used to simulate offshore wave generation based on long-term
wind data from Portland, whilst the OUTDIF element was used to simulate
refraction effects.

Finally, the locally generated wave conditions (see Section 2.2.9) remained to
be added on to those produced by HINDRAY. Both sets of predictions existed
in simultaneous time series form. A composite (overall) wave prediction was
derived for each hour by adding the energies of each wave component.
Performed sequentially this yielded overall time series wave hindcasts in the
same form as produced for the offshore points.

2.2.11 Wave climate and extremes results

Extreme wave conditions Inshore couid have been predicted by transforming
the offshore extremes (see Section 2.2.3) to the inshore points using the
refraction model. However, the approach adopted here, which gives better
directional resolution, was to extrapolate the inshore wave climate data to
direction-dependent extremes in the same manner as was used for the
offshore data.

Results were collated and presenied in the same format as used for the
synthetic offshore wave data. Tables 2.16 to 2,31 show the distribution of the
wave climate at each of the eight inshore points, whilst Figures 2.40 to 2.47
show the same wave climate information in the form of wave roses. Tables
2.32 to 2.39 show the extreme wave heights at a range of return periods.

Differences between resulis for the various prediction points are consistent
with their positions along the coastline. The largest predicted waves are
around five or six metres significant wave height at each of the points. The
directions of the highest waves are clustered in a fairly narrow band around
the beach normal at each point. The average direction of the waves at the
shoreline gradually changes from about south-east at Inshore Point A
{in Studland Bay) to about south-west at Inshore Point H (near Hengistbury
Head). Also the range of directions is a little wider at the more easterly points.
These small differences become important in the later littoral drift modelling.

Some of the wave heights predicted are high enough to have been reduced
by wave breaking before arrival at the inshore wave prediction points.
However, the wave heights are quoted unbroken in order to provide more
generally applicable input to subsequent calculations, in which wave breaking
is modelled where appropriate.

2.3 Wave modelling in Poole Harbour

2.3.1 Background and Methodology

Waves in Poole Harbour are almost entirely due to focal wave generation
within the Harbour itself. The height of the waves depends largely on the wind
speed (over about the last hour), and the distance across the Harbour in the
wind direction to the point of interest, ie the “fetch”. It also depends on the
fetch “width", calculated using fetch lengths at angles either side of the wind
direction. Because of the substantial drying areas within the Harbour, fetch
lengths, and waves, are smallest at low water, and highest at high tidal levels.
The wind strength will also tend to be greatest at high water because the water
surface is “smoother” than the saltmarsh and mud-flats at low tide. Because
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of this, even the relatively small waves on this part of the Poole BC coastline
can combine with high tidal levels to cause damage and flooding.

The complex shape of the Harbour, with vartious islands which shorten some
fetch lengths, and change the fetch widths, means that wave conditions will
change along even a short stretch of coastline. However, because the waves
generated within the Harbour have a rather short period, they will be affected
only slightly by changes in water depth.

Because of the rapid spatial changes in wave conditions around the coastline
of Poole Harbour, it was not possible in this study to provide wave climate
information at every point. This part of the study was therefore carried out in
three paris, as follows.

First the various sources of wind data available were assessed for use in
calculating wave conditions within the Harbour. There are wind records from
Hurn, Portland, St Catherine’s Point and other locations. A recommendation
on which wind data 1o use, and how it needs to be modified for the area was
made, and a suitable wind rose {and frequency of occurrence table} was
produced. Extreme wind conditions, from various directions, were also
calculated.

In the second stage, nine locations along the Poole BC side of the Harbour
were selected (see Figure 2.48), and a computer model of wave generation
developed by HR Wallingford was used to produce wave climates and
extremes at these chosen locations. This information provided an input to the
joint probability study {see Section 2.5).

Finally, the computer mode! was passed over, together with user notes and
worked examples, to Poole BC staff, for them to apply at any other location(s}
of interest.

2.3.2 Wind conditions within Poole Harbour

Local sources of wind data were described in Section 2.2.1 and wind roses are
presented in Figures 2.31 to 2.33. During previous studies of Pocle Harbour
(HR, EX1760, 1988 and HR, EX2122, 1990), winds from several local sources
were compared, and a wave model dependent upon local wind data was
approximately validated against observations of waves in Poole Harbour.

At that time, wind data from Hurn (Bournemouth Airport), with some small
modifications, was taken as representative of conditions in Poole Harbour.
The distribution of wind velocities as recorded at Hurn is shown in Figure 2.33.
The modifications consisted of adding 10% tfo all wind speeds (U), a further
20% to wind speeds from directions 105-285°N, and then a further 10% to
derived extreme wind speeds with return periods of 1 year or more. Some
resulting representative wind conditions are given in Table 2.40: average U,
U exceeded 10% of the time, U exceeded 1% of the time, 1 and 100 year
extreme U, and percentage of data, for each 30 degree direction sector.

During the present study, 3 years of wind data recorded within Poole Harbour
{see Figure 2.31) were supplied to HR. The distribution of wind direction in
this data is quite similar to that at Hurn. The representative speeds derived
from the Hurn data are about 15-20% higher than would be obtained directly
from the Poole Harbour recorder. To allow for the land recorded wind speeds
being a little lower than those over the water, to be conservative, and to be
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consistent with the earlier studies, the wind conditions listed in Table 2.40 were
used as input to the wave predictions within Poole Harbour.

2.8.3 The SAVILLE locally generated wave climate model
The wave prediction model needed to be easy to apply, because of the
number of locations and wind conditions to be tested. [t also needed to be
reliable across the whole range of commonly occurring and higher wave
heights, and to be able to deal with locally generated waves.

The most suitable wave prediction models for a small wave generation area
such as Poole Harbour is based on the Saville method. This method was
suggested by the [nstitution of Civil Engineers (1975) for estimation of wave
heights in reservoirs. It is sultable for fetch lengths up to 15km. In
Poole Harbour the maximum fetch length is about 4km.

The wave generation area is divided into segments centred upon a wave
prediction point. The procedure assumes that the effectiveness of any
segment is indicated by the ratio of the actual length of the segment to the
length it would be in a fetch of unrestricted width. This ratio is the same as
that of the projection of these lengths onto the central radial from the point of
interest. It is further assumed that the effectiveness of the wind in generating
waves (ie in exerting its stress on the water surface) is proportional to the
product of these two values. The total effectiveness of each fetch segment is
proportional to the product of these two values. The total effectiveness of the
entire fetch is the sum of these products divided by the sum of the cosines.

Fifteen radials are drawn from the wave prediction point with 6 degree intervals
between them. The central radial is usually drawn along the line of longest
fetch. Each fetch length is measured from the wave prediction point to the
shore (zero total depth contour). Each radial is taken to represent the mean
fetch for a 6 degree sector. The effective length of each segment is the
component of the radial’s length in the direction parallel to the central radial.
Winds outside the sector of 45 degrees on elther side of the central radial are
considered o be completely ineffective. Unless there is specific evidence to
the confrary the design wind speed is presumed to blow down the central
radial.

Significant wave height (H,) and wave period (T,) are parameters in common
use amongst coastal engineers o describe ocean waves, H, represents the
average height of the highest one third of the waves and T, is the wave period
associated with this wave height. The values of H, and T, for the Saville
method are given by:

, _
H, = 0.0026 XL Ao# @.1)
g
and
T, = 0.46 .S‘.g{ A02 (2.2)
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where

u s the wind speed (m/s)
g Iis acceleration due to gravity (m/s?)

A= 9F

UE

and F is the effective fetch (m).

The water in parts of Poole Harbour is shallow even at high tide, and so
attenuation of wave energy due to bed friction will occur. The Saville method
is intended for use in deep water and so does not include sea bed friction and
percolation. Therefore, the values obtained from Equations 2.1
and 2.2 (above} need correcting for these shallow water -effects.
Equations (3-21) and (3-22) of the Shore Protection Manual (US Army, 1973}
give values of H, and T, ignoring the effects of friction, and Equations (3-25)
and (3-28) give values including friction. These are predicted using a different
method, which is less suitable for very short fetches. However the reduction
in H, and T, due to bottom friction and percolation can be extracted from these
equations and used with the H, and T, values obtained from the Saville
method. From the equations in the Manual the following equations can be
obtained.

y o He A2 tanh (A1/A2) 2.3)
$ fanh (A1) '

and

;. T, B2 tanh (B1/B2) 24)
S fanh (B1) '

where

A1 = 0.0125 A>2, A2 = tanh (0.578 D*)
B1 = 0.0774 A°%, B2 = tanh (0.520 D**")

and D =g_d
u2

Here d is the average water depth along the fetch ray and H; and T are the
values of H, and T, corrected for bottom friction and percolation.

When the wave height was greater than 55% of the total depth at the wave
prediction point, it was assumed that the waves would have broken. In this
case, the wave height was lirmited to the maximum breaking wave height of
0.55 x depth.

Waves predicted by the SAVILLE model using wind data from Hurn were

compared with field observations taken over several days during an
HR Wallingford survey campaign in Pocle Harbour in 1990 (HR, EX2122,
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1990). Following the adjustments to the wind data described in Section 2.3.2,
satisfactory agreement was obtalned between model and measurements.

2.3.4 Wave climate and extremes results

For the purposes of deriving wave climate information, the representative wind
conditions (and their frequencies of occurrence) listed in Table 2.40 were used
as input to the SAVILLE model. Two represeniative water levels were used
for the calculations: one to represent shallow water conditions and one to
represent conditions of deeper water. The results were apportioned according
to the percentage of the time for which these conditions apply. The resuits
were collated in terms of an overall distribution of significant wave height and
direction for each prediction point in Poole Harbour.

The resulis are shown in the form of wave roses in Figures 2.49 to 2.57. With
the possible exception of Point C (in Holes Bay) and Point A (at the western
end of Poole Harbour), the wave climates predicted for the nine points are
quite similar, The prevailing wave direction is south-west and no predicted
significant wave helght exceeds one metre.

The distributions of significant wave height were extrapolated to extreme
values in the same way as was used for the offshore points (see
Section 2.2.5). Howaver, in view of the small size of the waves and fact that
the results were not to be used in subsequent wave transformation modelling,
extremes were calculated only for all directions combined. The predicted
extreme wave heights are listed in Table 2,41, together with a standard wave
steepness from which the corresponding wave periods can be estimated.
Again with the exception of Points A and C, exiremes are quite similar at all
the Harbour Points. Typically 1, 10 and 100 year significant wave heights are
about 0.65, 0.80 and 0.95m, respectively.

The water levels assumed were slighily conservative for wave climate
caiculations but there was some concern that they may have under-predicted
the wave heights occurring at extreme water levels in Poole Harbour. The
sensitivity of the wave prediction model to the assumed water level was
therefore tested. Sample wave predictions carried out for very high water
levels (10 and 50 year return pericd) gave wave heights only very slightly
higher than those predicted for the 2mCD water tevel, However, with friction
and breaking effects “switched off” in the model, the highest wave heights
were predicted about 10% higher. These tests confirm that it was important
to consider wave generation in Poole Harbour as being limited by the water
depth, but that the exact depth used was not important.

2.4 Analysis of Poole Harbour tidal level data

2.4.1  Methodology

{i) Background

The tidal range is low in Poole Bay, making it difficult to predict water levels
based on measurements taken some distance away. An existing tidal model,
re-commissioned and re-run for the present study, provided information on the
variability of water level from one point to another in Poole Bay and
Poote Harbour.

Long-term tidal data from Portsmouth is not an ideal source from which to infer
water levels in Poole Bay because of its distance from the site of interest.
Weymouth has an ‘A Class' tide gauge but has only been installed recently,
and cannot therefore provide fong term records on extreme water levels. An
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earlier A Class tide gauge in Portland Harbour operated for several years, but
the resuits are not available in digital format, limiting their usefulness in the
present study. However, tidal levels have been recorded in Poole Harbour for
many years, with data from 1991 onward being available in digital format. In
the present study, water leve! analysis was based mainly on the Poole Harbour
records combined with the tidal model results.

(i) Method

Poole BC obtained tidal measurements from the Poole Harbour
Commissioners, recorded within the Harbour, for use by HR Wallingford in this
study. This data was the basis for the analysis of both extreme water levels
and the joint probability of such levels occurring with large waves.

Information on the spatial changes in tidal levels inside Poole Harbour and in
Poole Bay was obtained both from the Harbour Master and from (existing)
numerical models of tidal flows.

The digital tida! level data was entered into the computer system at HR, and
standard analysis software was used to determine the various tidal
constituents. These constituents were then used to “hindcast” the expected
{astronomical) tide. The differences (residuals) between predicted and
measured tidal levels were then calculated. The times and levels of the
(higher) high water values for each fide were also identified and used in
calculations of extreme high water levels,

{iiiy Outputs
The analysis of tidal levels provided:

A time history of the (higher) high water level for each tide (at the tide gauge
site), with times and calculated residuals (ie surges) at those times. This data
was used in the joint probability study.

A list of the highest recorded water levels, with dates and times, for
subsequent use in reviewing historical flood/damage events.

Statistical estimates of extreme water levels (at the tide gauge site) for a
variety of “return periods”, for example the level expected to occur only once
on average in 50 years,

An estimate of the differences between water levels at high tide at the tide
gauge site, and at other locations within Poole Bay and Harbour, This
information was used in extending the joint probability study to other locations
along the Poole BC frontage (see Section 2.5).

2.4.2 The TIRA tidal analysis software

HR Wallingford operates the standard TIRA tidal analysis software under
licence from the Proudman Oceanographic Laboratory (POL). The
background, theory and some operational details are described in Appendix 5.
However, a brief description is given below.

The oceans generally respond fo forces such as the gravitational attraction of
the Moon and the Sun, to the radiational input from the Sun, and to forces
generated by the meteorology. About 90% of the energy contained in sea
level records is caused by tidal movements. This is easy 1o separate from the
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other components because it is coherent in time, whereas, for example, wind
waves occur randomly,

The gravitational attraction of the Moon and the Sun on the Eaith produces
diurnal and semi-diurnal tidal variations, which have different frequencies and
are usually denoted by the symbols M, and M, for the Moon and S, and S, for
the Sun. The main constituents are modulated at periods of 1 month, 1 year,
8.85 years, 18.61 years and 21,000 years. So although tides are regular they
are only repeatable over a very long time scale. Compound tides are
generated by the linear tides as they propagate into shallow water or as they
encounter frictional forces. They are given names such as M, to denote a
muitiple harmonic of M,, or MS, to denote interaction between the M, and S,
components.

For each location there exists a unique set of harmonic constants which define
the complex tidal regime at that place.

The process of analysis is one of reducing a set of tidal level {or current)
measurements to a manageable set of physically meaningful parameters which
completely specify the measuremenis. [n the harmonic method of tidal
analysis the objective is to fit the best possible sinusocidal wave of each
frequency to the measured data. Harmonic constants are invariate with time
in that they do not depend on the time at which the tide was recorded.
Harmonic analysis consists of fitting a finite number of sinusoidal constituents
to the data and minimising the residuals by the method of least squares.

The main input to TIRA consists of sequential measured water level data, in
this case recorded over two to three years in Poole Harbour. The first stage
of the analysis procedure consisted of derivation of sixty tidal harmonic
constants, from which the main astronomical component of water level was
re-constifufed. The second stage consisted of a comparison between the
actual water level data and that which would have been predicted from the
derived harmonic constituents, to leave the separate astronomical and residual
components. Once derived, the tidal constituents can be re-used for prediction
of astronomical tides in Poole Harbour at any future times.

2.4.3  Water level and extremes results

Water level data from Poole Harbour was supplied on floppy disk to
HR Wallingford in the form of ten minute mean values recorded between 1991
and 1993, On receipt, a few obvious “spikes” in the time series data were
detected visually, and were either corrected or deleted. A few short periods
of missing data were identified and then either noted or patched (important in
the TIRA analysis, but not in the later statistical analysis of water levels),
When the TIRA analysis proved to be sensitive even to single missing records
or to slight changes in the interval between records, further quite extensive
“polishing” of the measured data was carried out.

Time series water level data as recorded in Poole Harbour from 1991 to 1993
is plotted in Figures 2.58 o 2.66. Levels vary betwesn about 0.0mCD and
2.9mCD. There were only 10 spells during the period of the measurements
plotted in Figures 2.58 to 2.66 when the water level exceeded 2.5mCD. The
dates of these spells are listed below, together with the associated peak water
levels, These dates give some indication of when flooding might have been
expected to have occurred along the Poole BC frontage.
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Dates of spell Peak water level during speli
am11/09/91-pm11/09/91 2.60mCD
pm24/09/91-pm28/09/91 2.85mCD
am07/10/91-am08/10/91 271mCb
pm27/08/92-am31/08/92 2.89mCDb
amz27/09/92-pm27/09/92 2.52mCb
am25/10/92-am28/10/92 2.61mCDh
pm24/11/92 2.52mCD
pm21/02/33 2.55mCD
mid-day 09/03/93 2.50mCD
pm14/10/93-am16/10/93 2.59mCD

TIRA analysis yielded the tidal harmonic constituents, required for calculation
of the astronomical tidal levels. These are listed in Table 2.42. The analysis
also separated out the surge and astronomical components from the
measurements of total water level.

Surges from 1991 to 1993 are plotted in time series form in Figures 2.67 to
2.74. The plots are quite spiky due to incomplete removal of the tidal
component of water level. The TIRA analysis was very sensitive o slight
irregularities of timing (of the order of just a few minutes) in the lide data,
particularly in this area of fow tidal range and double-peaked high waters.
Surges can be seen in Figures 2.67 to 2.74 by following the general trend of
the trace. They vary between about -0.45m on 2 July 1991 and +0.95m on
21 February 1993. The profile of the February 1993 surge is shown in greater
detail in Figure 2,75

Since water levels and surges are of greatest interest at the peak of the tide,
records corresponding to (higher} high water levels were extracted from the ten
minute mean data. The distribution of total water level as recorded at high
waters in Poole Harbour is given in Table 2.43.

Gumbel and Weibull distributions were fitted to the high water data in the
manner described in Section 2.2.5. Exiremes (at the location of ihe tide
gauge) derived from extrapolation of those distributions are given in
Table 2.44. Extreme water levels of 3.00 and 3.25mCD are predicted for
return petriods of 10 and 100 years, respectively.

Extrapolation from just two years records is somewhat uncertain. Subsequent
discussion with Poole BC indicated that the highest water level ever recorded
was 3.06mCD in December 1989, and that ptior to that the highest level had
been 2.96mCD, 30 years earlier. These observations suggest that the
extremes prediction in Table 2.4.4 are about 10cm too high, perhaps due to
the presence of two particularly high water levels {(September 1991 and August
1992) in only a two year sample.

Tidal ranges increase slightly going eastward across Poole Bay. Data from the
tidal model and information given in Admiralty Tide Tables were used to
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estimate the variation in high water level likely to occur along the frontage of
interest. Analysis indicated that the variation within Poole Harbour and at
inshore points A and B is negligible. 3cm should be added to extreme water
levels at points C to E, 5cm at point F, and 7cm at points G to H.

2.5 Joint probability analysis of waves and water levels
251  Methodology

(i} Background

Flooding and damage to coastal properties rarely arises just because of a very
high tide, or just because of severe wave conditions. In almost all cases it is
a combination of these two factors that is involved. Because of the modest
{(astronomical) tidal range in Poole Bay, the highest recorded tidal ievels
always include a significant weather-induced residual or “surge”. As such
surges typically result from low atmospheric pressure and strong winds blowing
along the English Channel it is likely that the waves will also be significant at
the time. There is a likelihood of at least a partial correfation between high
water levels and large waves in Poole Bay (Hague, 1992). In Poole Harbour,
where waves depend on the local wind strength and its precise direction at the
time of high water, any correlation may be different to that outside in Poole
Bay.

By ignoring such correlations, there is a danger of under-estimating the
chances of flooding or damage. On the other hand by taking a pessimistic
view, and assuming the worst wave and tide conditions will always occur
simultaneously, it is probable that coastal protection works will be over-
designed and unduly expensive. An accurate assessment is therefore needed
of the joint probability of these two factors, and a derivation of appropriate
combinations of them for use in the design of new coast protection works (or
the assessment of existing structures).

{ii) Methods
The most satisfactory way of establishing “joint probabilities” is by analysis of
simultaneous recorded {(or hindcast) wave conditions and tide levels.

The main danger of damage and flooding occurs at the top of each tide, ie at
the peak water level. By combining the information on these peak levels for
each tide with the hindcast (offshore) wave conditions at the same time, the
probability of the joint occurrence of large waves and high tides in Poole Bay
was calculated.

In Poole Harbour, the calculations were slightly different in that the information
on peak levels was combined with the calculated nearshore wave conditions,
which.vary depending on the exact lccation within the Harbour.

Having derived the individual (ie marginal) probabilities both of wave conditions
and of tidal levels, together with the joint probability, it was then relatively
straightforward to derive appropriate combinations of these two factors, with
a specified probability of occurrence,

(iify Outputs

The output from the joint probability study is a series of tables which give the
probabilities of high tidal levels and simultaneous large waves, both in
Poole Bay and at a number of locations in Poole Harbour.
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In addition, tables listing recommended combinations of high tide level and
wave heights for design purposes are presented for each chosen location
around the Poole Borough coastline.

Finally, these “present day” design conditions are adjusted to take account of
predicted increases in sea levels caused by global warming.

252 The JOINPROB joint probability analysis software

The joint probability of two variables (X and Y) is given by the likelihood
(0 £ P(X=x and Y=y) < 1} of variable X being not less than a given value x, at
the same time as variable Y being not less than a given value y. In this case
X and Y are high tide level and significant wave height. Two trivial cases of
joint probability are complete dependence and complete independence. Two
variables, Tide and H, are completely dependent if a given tidal level always
oceurs at the same time as a glven wave height H,, e

P(Tide=x and H.2y}) = P(Tide=x) = P(H.2y)

On the other hand if they are completely independent then there is no
correlation between them and the joint probability is simply the product of the
two marginal probabiities, ie:

P(Tide>x and Hgy) = P(Tide2x).P{H.2y)

In the case of waves and water levels, the assumption of complete
dependence would lead to a very conservative design since the 100 year
event would have to comprise a 100 year wave condition coupled with
100 year water level. Conversely, the assumption of independence would lead
to under-design in some cases, since any increase in the probability of high
wave heights at times of very high water levels would have been ignored. The
cotrelation between waves and water levels will usually lie between the two
extremes of complete dependence and complete independence. The two will
be partially dependent, to an extent best determined from analysis of actual
data. JOINPROB analyses the dependence, in an objective way based
directly upon the data, and making no prior assumption about correlation
(Hawkes and Hague, 1993).

From the file of inshore hourly wave and water level conditions, wave heights
at each of the high tides are picked out from the predicted waves: scatter
diagrams relating high tide levels and simultaneous wave height predictions
are produced.

Probabilities are extrapolated to extremes using JOINPROB, which first fixes
a number of threshold levels for water level and calculates the exireme wave
heights conditional on water level being greater than these levels using the
Weibull method of Appendix 3. Similarly wave heights are fixed and extreme
tidal levels are calculated using a combination of the standard Gumbel annual
maxima method (for return periods of over 10 years) and the “countback”
method (for return periods of over 10 years or less) which is best explained
with reference to the following example. If, for a 20 year data set, the 0.1 year
return period water level (ie the level equalled or exceeded on average ten
times per year) is required, then this is given by counting back to the
20 x 10 = 200th highest value recorded.

25 EX 2881 08/02/95



These extreme values of wave height and water level are then plotted on a
graph, and smooth curves are drawn linking combinations of waves and water
tevels with equal return periods. The spacing between the contours should be
approximately equal for each factor of ten (or any other convenient factor)
increase in rarity of event represented. So, for example, the 1, 10 and
100 year return period contours should be drawn so as to have roughly the
same spacing.

Also plotted on the graphs are the independent and dependent cases for each
return period. These are obtained by applying the literal definitions of
independence and dependence given above.

The extremes of wave height {or water level) alone are defined such that the
given value is expected to be equalled or exceeded, on average, once in each
return perfod. The definition of joint probability extremes s an extension of this
but the exact meaning should be understood clearly before the results are
used. For a given return period both wave height and water level should be
equalled or exceeded once in each return period. Therefore all combinations
of wave height and water level along a return period curve are expected to
occur once in each return period, although they may well not involve separate
events; ie one event will probably cover a section or even all of the curve.

Consequently when designing a structure for say, a 100 year return period, it
must be able to withstand all of the wave and water level conditions on the
100 year curve. In practice this means testing a range of conditions for the
return period considered.

2.5.3 Results of JOINPROB correlation and extremes
analysis
Offshore Point 2 was chosen for detailed correlation and joint probability
analysis. Approximately 13 months of simuitaneous wave and water level data
was available for use in JOINPROB. Still water levels as recorded at high
water in Poole Harbour were coupled with wave predictions for the times of
high water at Offshore Point 2, providing a total of 766 records for use in the
correlation analysis.

It was expected that the degree of correlation between high waves and high
water levels would be dependent upon wave direction. Because of this, the
records were divided into two categories of wave direction, namely 330-210°N
(for waves generated within the English Channel} and 210-330°N (which
includes wave energy from further afield).

Figures 2.76 to 2.78 present scatter diagrams of significant wave height
against high water level for each direction sector and overall, contoured with
lines of approximately equal probability density. The general shape of the
contours suggests little or no correlation between wave heights and water
levels. However, three particular records (highlighted by separate contours in
Figures 2.76 to 2.78) stand out as having high wave heights at the same time
as high water levels. These records suggest a degree of correlation between
the two.

The Poole Harbour data supplied proved o be unsuitable for calculating
reliable extreme joint probability contours. This is because of the three
“outlier” records in what is a fairly short sample of data (usually at least five
years of simultaneous wave and tide data would be used in analysis).
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Fortunately, in a previous JOINPROB analysis at a similarly exposed location
off Christchurch Harbour and using a much longer data set (Hague, 1992),
more reliable and consistent resuits were achieved. Figure 2.79, reproduced
from Hague (1992), shows a significant correlation between waves and water
levels off Christchurch Harbour.  {Only the ‘all directions’ diagram is
reproduced here but the direction dependent results showed similar levels of
correlation.) An intuitive assessment of Figures 2.76 to 2.79 produced a
‘correlation factor of about 140 for a 100 year joint return period. This
represents the number of times it is more likely that high waves and high water
levels will ocour simultaneously than the assumption of independence (see
Section 2.5.2) would suggest. This degree of correlation should be reasonably
representative of conditions in Poole Bay.

Joint probability extremes were evaluated based on the extreme wave
predictions for Offshore Point 2 (Section 2.2.10), the extreme water level
predictions (Section 2.4.3) and the “correlation factor’ between them (this
section). A representative sample of conditions with a 100 year return period
are listed in Table 2.45. Note that each of these combinations is expected to
be exceeded once, on average, in the given return period,

There is up to about a factor of five uncertainty in the degree of correlation
assumed to exist between wave heights and water levels. This factor of
uncertainty feeds through directly into the joint probability return period. In
other words a combination of events estimated o have an overall return period
of 100 years could really have a return period of anywhere between 20 and
500 years. At some time in the future, & may be worth repeating the analysis
with a longer data set, perhaps making use of longer term tidal data collected
by Bournemouth BC.

2.6.4  General results of the joint probability analysis

An extreme water level would affect the whole study area almost equally. The
same type of wind conditions (ie high winds from east, through south, to west)
would produce high waves throughout the study area. The quite high degree
of correlation between deep water waves and water levels appeared not to be
dependent upon wave direction. The correlation between high waves and high
water levels was therefore assumed to be the same for all the Poole Bay and
Poole Harbour wave prediction points as for Offshore Point 2 (see
Section 2.5.3).

The table of joint probability extremes for each point could be determined from
Table 2.45 derived for Offshore Point 2. However, the high water level is
known to vary slightly over the area of interest (see Section 2.4.3). Therefore
the best estimates of water levels at each point were substituted in place of
the water levels-af the tide gauge. Similarly, local extreme wave conditions,
for each direction sector and overall, were used at each point.

Joint probability extremes for each nearshore point in Poole Bay are given in
Tables 2.46 to 2.49 in the same format as Table 2,45, but now using locally
applicable water levels and wave conditions. Corresponding results for the
Poole Harbour points are given in Table 2.50. Water levels in Tables 2.45
to 2.50 are given relative to Ordnance Datum, as this is usually more
convenient for use in design.
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2.5.5 Allowance for expected sea level rise

Mean sea levels have been rising at a rate of 1-2mm/year for about the last
century. The rate of rise is predicted to increase to about 5-6mm/year and to
continue at that rate for the foreseeable fuiure, As there is no particular
evidence to the contrary, extreme water levels are assumed 1o rise in line with
mean water levels,

The numerical allowance for sea level rise is a design decision, but a possible
method of determining the allowance foliows. Assume that a coastal defence
has a design life of 50 years and that it should have a probability of failure
equivalent to once in 100 years at the end of that period. The design would
then be based on 100 year return period conditions, but with the addition of
the sea level rise expected to ocour over the next 50 years. In other words,
the 100 year extremes calculations are undertaken with present day data, but
with 275mm added to afl of the water levels previously calculated.

There is some evidence that mean wave heights in both the Atlantic and the
North Sea have increased in recent years, although no clear evidence either
that the trend will continue in the future or that extremes are increasing. There
is no corresponding increase in wind conditions and the relatively sheltered
Poole BC frontage would probably not be affected by such changes. No
allowance for future changes in wave conditions is therefore recommended.

2.5.6 Comments on the use of the results in design

The water level results are quoted without any allowance for expected sea
level rise. Any such allowance would consist of simply adding a given amount
to all water levels as desctlbed in Seclion 2.5.5. The exact amount io be
added is-a design decision depending mainly upon the design life of the
defences.

Wave heights are quoted in terms of the significant wave height averaged over
the duration of a single high water. The height of the highest individual wave
height will be approximately twice the significant height.

The exitreme wave heights should be checked for depth limitation before use
at any particular point on the coastal defences. The depth used should be
taken just offshore of the defences, following any addition for sea level rise.

There are a number of combinations of wave conditions and water levels for
any given joint return period. Each one is expected to be equalled or
exceeded once, on average, during that return period. |t is therefore
necessary to test each combination given in order to see which is the critical
case for design. (This may depend upon whether run-up, overtopping or
littoral drift is the more important parameter and whether or not wave heights
are depth-limited before they reach the defences: the critical combination may
vary from place to place.)

Only high tidal levels are of interest. The wave conditions were averaged over
a period of 3 hours on the assumption that they would persist over the duration
of a high water level. Surges may last for several hours but a severe surge
will not usually persist over two consecutive high waters.
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It follows that each high water is an “independent event®, and that the duration
of the predicted conditions is equal to the duration of the high water level. In
other words, overtopping or damage may begin up to an hour or so before
high water, will become worse as the water level reaches its highest level, and
will then gradually reduce for up to an hour or so after high water. (The wave
conditions would persist for the remainder of the tidal cycle but less damage
would occur at the lower water levels.)
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3 Coastal evolution and processes

3.1 Introduction

At the heart of a coastal strategy study is an understanding of the
morphological processes taking place on the coast. In order to understand
present day processes an appreciation of the geology of the area and its
geomorphological development is extremely useful. The following section of
this chapter therefore describes and explains the geology of the Poole area
and geomorphological developments within the area since the last lce Age.

Moving closer to the present day, a study of shoreline changes that have taken
place along PBC's Poole Bay shoreline over about the last 100 years is
described. This information is interpreted in the light of the resulis of
numerical sediment transport modelling and a considerable body of previous
research to give guidance on future coastal behaviour.

Sediment transport on the sea bed of Poole Bay is also examined so as to
identify any impact which sea bed processes may have on the coast.

The influences on shoreline change within Poole Harbour are somewhat
different to Poole Bay. Waves and currents combine to create an unusual
hydraulic environment which in turn has shaped sea bed and coastal sediment
distribution. Both human development, for example by land reclamations, and
the changing extent of salimarsh vegetation have had a major impact on the
morphology of the Harbour. Each of these issues is examined in the section
on Poole Harbour by interpretation of the results of numerical modelling and
by reference to previous research.

3.2 Geology

3.2.1  Background

Geological structure and lithological variability have both exerted a strong
influence on the morphology and the evolution of the coastiine of Southern
England. Both the underlying sedimentary rock geology and the major
shoreline changes which have taken place since the end of the last lce Age
have an important bearing on present-day processes. The most recent
geological memoir for the Bournemouth area (Bristow et al, 1991) which
benefits from recent borehole and survey results, reinterprets and supersedes
previous publications. The following geological summary is based on the
findings of Bristow et al (1991) with reference to previous publications.

The geology in the Poole and Bournemouth area is sedimentary, underlying
beds having been laid down during the Cretaceous and Eocene.

The formations outcropping in the study area are summarised as:

Period Epoch Formation
Quaternary Reacent: Blown Sand
Alluvium
Pleistocene: River Terrace Deposits
Head
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Tediary Eocene: Branksome Sand }
Pocle Formation Bracklesham Group
London Clay

The nomenciature for formations which appears on the most recent geological
survey {Sheet 329) and has been reproduced above differs from previous
classifications. The evolution of the nomenclature of the Eocene rocks is
represented in Figure 3.1. The Plateau Gravel and Valley Gravel which are
referred to in previous publications are now collectively known as the River
Terrace Deposlts

3.2.2  Solid geology

The Cretaceous chalk does not outcrop on PBC's frontage but forms the cliffs
and Qld Harry stacks on the south side of Studiand Bay. Thick beds of chalk
were formed by compaction of remains of shallow water marine organisms.
The Upper Chalk is a firm white fossiliferous chalk with scattered layers of {lint
nodules and thin marl seams. There is an abrupt change in the stratigraphical
succession above the chalk and the overlying beds of sands and clays which
were deposited during Eocene.

The Tertiary formations, which underlie most of the district, total around 420m
in thickness. Mugch of the higher part of the sequence is well exposed in the
coastal cliffs from Poole Head eastward.

The Tertiary deposits comprise sediments ranging from clays to gravel beds.
The sequence consists of a number of sedimentary cycles each of which
commenced with a marine transgression.

The oldest of the Tertiary deposits is the London Clay which outcrops as the
so called Creekmoor Clay bed on the north side of Lytchett Bay and Holes
Bay. These are overlaid by the inter-bedded sands and clays of the Poole
Formation which range from fluvial through deltaic to marine in origin, with
lateral variations in material type occurring at the same stratigraphic horizon.
The Branksome Sand is a dense, coarse to fine grained sand of fluvial origin
which is white and yellow in colour (Golder Associates, 1990). Itis a 70m
thick bed and outcrops widely on the PBC frontage at its greatest height in the
cliffs on Poole Bay.

Following deposition of these and subsequent {now eroded) beds the whole
region experienced folding associated with the formation of the Alps (the
Alpine orogeny). The folds are aligned in a roughly east-west direction
{plunging towards the east) across Southern England. The trough of the
Hampshire Basin syncline lies more or less across Poole Harbour. North of
the Harbour the beds dip by 1° or 2° towards the south. The other limb of the
fold dips more steeply towards the north.

The land raised up by this folding was gradually eroded, so older strata were
exposed at the surface. Thus the youngest rocks are found in the trough of
the syncline in Poole Harbour whilst the older chalk outcrops further south near
Studland. The chalk forms a spine running east across Poole Bay fo the Isle
of Wight and was a dominant influence on subsequent morphological changes.
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3.2.3 Morphological changes since the Pleistocene Ice Age
The Quaternary era saw many oscillations of climate, ranging from cold
periglacial to warm temperate. During the more exireme cold periods
extensive ice sheets pushed southwards across England but did not reach the
Poocle District. Marked changes in sea level were associated with these
climate oscillations. During the Pleistocene, Britain was joined to Continental
Europe and the coastline was further to the west, probably in a position
between Cormwall and Brittany. The Channel was occupied by a large river
system draining westwards, combining rivers from both sides of the Channel
and may have included the outflow of the Thames and the Rhine at times
when the ice blocked the North Sea.

The rivers of the Poole area, swollen with meltwater, drained into the Solent
River which flowed across the floors of Poole and Christchurch Bays and
thence through the Solent and Spithead (see Figure 3.2). Rising sea levels
at the end of the last glaciation induced rapid coastal recession so that river
valleys and low-lying areas were submerged. Gradually the valley of the
Solent River and its tributaries became flooded leaving a narrow barrier of
chalk hills running from the Isle of Purbeck across Poole Bay to the Isle of
Wight. Eventually the sea breached this barrier and the Isle of Wight was
separated from the mainland by the wide tidal channels of the East and West
Solent,

Once the Purbeck-Iste of Wight ridge had been breached coastal erosion could
proceed across the valley of the former Solent River. Rising sea-levels
redistributed eroded sediment within Poole Bay. Breaching of the West Solent
-Needles Channel initiated rapid erosion of Christchurch Bay and began the
coastal evolution to the double bay form which now exists. The bays are
stabilised by the anchoring effects of Handfast Point, Hengistbury Head and
Hurst Castle Spit but, as is discussed in Section 3.3.1, they do not yet appear
to have attained a natural equilibrium plan-shape.

In Poole Bay the chines are a noteworthy feature (see Figure 3.3). Branksome
Chine shows two distinct valleys of different ages and the newer and steeper
valley alone carries water, Steers (1969) proposes that the older, broader and
longer chine valleys were formed in a cold period by large volumes of
meltwater flowing over ground which was impervious owing to frost, and when
the rocks in which they are cut would have been effectively harder and more
resistant than now. The smaller inner valleys are the result of present climatic
conditions and represent the power of the present tiny streams in cutting a
small V-shaped valley in the relatively soft sediments

Poole Harbour owes its main outline to submergence {from about 8500 years
before present) converting what was formerly a low moorland area with sandy
knolls into a broad lagoon or estuary. The former knolls now form islands:
Green Island, Furzey Istand and Brownsea Island. The numerous bays and
inlets of its margins represent former shallow valleys which might reasonably
be expected to have characterised a lowland heathy area traversed by a big
river, Submergence of the harbour Is due to a combination of Holocene sea
level rise, sinking land mass due fo isostatic readjustment, and slow local
subsidence. The maximum extent of the marine transgression, reached about
6000 years ago, is marked by a low bluff or by cliffs surrounding much of the
Harbour above the present shoreline. The low cliffs at Rockley Sands are
examples of continuing coastal erosion. Local sedimentary processes have
now extended the shoreline scmewhat seawards of the cliffs in sheltered areas
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with low-lying beaches or mudflats. For example the low white dliffs at the
back of Parkstone Bay were, In the past, fronted by low-lying marsh which has
now been reclaimed as a recreation ground.

3.24  Quaternary deposits

The melting of ice towards the end of the lce Age produced large amounts of
sediment. These were distributed by the swollen river systems around what
is now the coastline and seabed. The oldest of these deposits is known as the
Head deposits and is found in shallow valleys around the Poole Bay and Poole
Harbour frontage. Head deposits vary markedly in their composition and
thickness. A series of fluvial deposits known as the River Terrace Deposits
occur extensively in the Poole area and consist mainly of flint gravel which is
commonly very sandy. These River Terrace Deposits are readily visible
overlying the cliffs of Branksome Sand on the Poole Bay frontage. Remnants
of these deposits have also been recognised by offshore surveys in Poole Bay
{Fitzpatrick, 1987}.

Freshwater peat deposits found at a depth of -12.8m ODN during excavation
works at Hamworthy are overlain by an extensive seties of marine deposits.
Radiocarbon dating of these deposits at about 7340 years before present
indicates the onset of marine transgression in this part of the Harbour
{Dyrynda, 1987).

Recent deposits comprise layers of alluvium laid down by existing streams and
in marshy areas of Poole Harbour, for example in Lyichett Bay. Sedimentation
of these fine materials has kept pace with rising water level to form the deep
sediment column which now fiocors much of the harbour. Dunes of blown sand
are still in the course of deposition in Shell Bay. Construction on.the
Sandbanks Peninsula has prevented growth of dunes in recent years.

It Is nowhere reported at what depth beneath the dunes on Sandbanks are
older Quaternary or Tertiary sediments to be found. Whilst the evolution of
South Haven Peninsula around a core of Head grave! and clays of the Poole
Formation has been studied by Steers (1969) and others, the development of
Sandbanks is not so thoroughly reported. The width and stability of the
peninsula between the Haven Hotel and North Haven Point suggest that, like
the South Haven Peninsulg, this part of Sandbanks may also be based upon
a core of older deposits.

3.25 @Geological SSSis

It should be clear from the preceding discussion that the geclogy of the cliffs
on the PBC frontage is of considerable inferest in its own right. In recognition
of this, Sites of Special Scientific Interest have been established, the extent of
which are shown in Figure 3.4, Future management of the coastline will need
to take the differing atiributes and environmental importance of these sites into
account. Recommendations in management of geological SSSIs are included
in Appendix 6,

33 EX 2881 08/02/95



ky

3.3 Morphology of Poole Bay

3.3.1  Morphological development

The morphodynamic mechanisms in Poole Bay are driven by waves, currents
and wind. The morphological processes within the Bay depend on how these
forces interact with the sediments and geological formations. Both southerly
and south-easterly winds can generate severe waves within the English
Channel, which can affect the plan-shape of the beaches. However, it is the
waves generated by the more common westerly and south-westerly winds,
together with the long fetches towards the Atlantic, which dominate the
hydraulic environment of Poole Bay. In the eastern part of Poole Bay the
coast is exposed to waves approaching from the south-west travelling up the
English Channel from the Atlantic. The further one progresses westward from
Bournemouth towards Studiand, the greater is the shelter provided by the isle
of Purbeck and Handfast Point. Waves from the south-west are refracted and
diffracted round these obstacles to approach from the south and south-east,
having been much diminished in height and energy.

The wave climate towards the sheltered western side of Poole Bay thus tends
to be less severe than further east. The currents induced by this wave height
gradient are one of the forces driving the morphodynamic processes in Poole
Bay. This tends to lead to a general accumulation of sediment in the western
part of Poole Bay, eg. Hook Sand and the South Haven peninsula.
Superimposed on these wave-induced currents are tidal currents. Because the
tidal range is small the contribution of tidal currents to sediment transport is
slight apart from near the mouth of Poole Harbour where strong currents are
the dominant influence on sediment transport,

Both Poole and Christchurch Bays display crenulate plan form charactetised
by resistant headlands and a soft coastline in the indentations. Research by
Silvester (1970} investigated the development and stabilisation of crenulate
bays in sedimentary coastlines. Conformity of Poole and Christchurch Bays
to Silvester's theory is poor (Webber, 1980) but some worthwhile conclusions
regarding the long term development of the bays can be inferred:

- From the relationships detrived for crenulate bays it would appear that in
neither Poole or Christchurch Bays has an equilibrfium state been
established.

- Poole Bay has a potentially much greater indentation and Christchurch
Bay a slightlly greater indentation than at present before such an
equilibrium is reached.

- Whilst the westward promontory of Handfast Point is faitly stable,
Hengistbury Head prior to the construction of the long groyne in 1938
was eroding at a rate approaching tm/year. Erosion of this headland
would induce major instability and potentially rapid coastal retreat and
readjustment within Poole and Christchurch Bays.

3.8.2  Shoreline changes

Although macro-scale coastal readjustment within Poole Bay has now been
arrested by coast protection works, retreat of the sedimentary cliffs has in the
past characterised the morphological development of the bay. Figure 3.5 gives
an overall impression of the rates of cliff to recession in Poole Bay over the
past century. Before extensive coasi-protection wotks there was a steady
recassion of the cliff top along the length of Poole Bay. GCoast protection
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works from about 1890 onwards have effectively prevented or reduced cliff
erosion but the resulting progressive reduction in the supply of fresh sediment
to the heaches has lead to a continuing problem of beach lowering in Poole
Bay.

Erosion of the cliffs around the bay has In the past been the largest
contribution of sediment to the coastal zone. By comparing historic cliff
recession, height and particle size distribution Lacey (1985) assessed the
supply of eroded sediment to the beaches of Poole and Chrisichurch Bays.
The early part of the last century showed a confribution to the beaches of
91,000 m® year which reduced in the latter part to 66,000 m® year. The
present day contribution of the cliffs from Southbourne westwards is negligible.
The sediment contribution changes with time and also varies along the
coastline as depicted in Figure 3.6, The increase in beach material contributed
fo the coastal system from 1925 onwards west of Canford Cliffs is due to the
increased erosion of the cliff prior to the building of the promenade along these
sections.

3.3.3  Analysis of shoreline changes on PBC’s Poole Bay

frontage
In order to supplement previous research work and to look in detail at PBC’s
frontage in Poole Bay an analysis of shoreline change was carried out
spacifically for this study.

The information used in this part of the study comprised published Ordnance
Survey maps at a scale of 1:2500. The dates quoted throughout this section
of the report refer o the published dates of the maps and not to the dates of
the surveys (which are not indicated on the maps). With the exception of the
latest map (1993) the earlier maps were photocopies of originals which may
have some distortion and scale variation. Great care was taken when
extracting information but some inaccuracies are inevitable when using
photocopies. Registration was sometimes difficult especially on the earlier
maps when reliable fixed features were not always available.

it is possible that, over the period covered in this study, the Ordnance Survey
could have changed the designation of HW level for the purpose of defining
the HW contour but this information is not shown on the maps.

The period examined has been divided into three sections, namely:

1901 - 1925
1925 - 1955
1955 - 1993

Although a map edition dated 1932 was available, a close examination
indicated that both the cliff line and the HW contour were identical to those
shown on the 1925 map. This does not necessarily mean that no changes
occurred but is more likely to be the result of these features not being re-
surveyed in the intervening petiod.

The desctiption below is related to the sub-sections of Management Unit 1
(described in Section 4.4.2) which are shown on Figuras 3.7 to 3.10.

(i) Changes in the position of the HW contour between 1801 - 1925
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A clear pattern emerges from this first period with a landwards movement
of the HW contour amounting to about 18m at sub-section 1/4 (see
Figure 3.7) gradually declining to zero at sub-section 1/9. Towards the
south-west there was a seawards migration of the HW contour gradually
increasing to about 50m at the south-western end of 1/11 and then
rapidly declining to zero at 1/14. Beach accretion on Sandbanks is
associated with construction of groynes on the beach at the end of the
last century. Between 1/14 and the south-western end of 1/15 the
contour moved landwards by up to 12m.

During this initial period, between 1901 and 1925, the HW contour
undertook a re-alignment rotating anti-clockwise about 1/¢ by about 2
degrees. Positions to the north-east eroded whilst accretion occurred to
the south-west. The results are shown on Figures 3.7 and in Table 3.1.

(il Changes in the position of the HW contour between 1925 - 1955

No clear pattern of change was identified during the second period
studied - the changes were generally very small except in the groyne
bays at 1/12 - 1/14 where the accretion noted during the earlier period
continued (Figure 3.8).

Between 1/16 and 1/6 the HW contour moved landward by up to 5m,
indicating erosion, but between 1/7 and the north-eastern end of 1/10
seaward movement by up to 7m took place. A small strefch in the centre
of 1/10 accreted but the remainder of 1/10 and the whole of 1/11
exhibited no change between 1925 and 1955. As indicated earlier the
most significant change during this period was one of accretion in 1/12
to 1/14 where the HW contour moved seawards by up to 17m. The
length of coast between 1/15 and 1/16 eroded with an isolated change
of 256m in the position of the HW contour located in the centre of 1/15.

{iiiy Changes in the position of the HW contour between 1955 - 1993

No very clear pattern of change occurred during this latter period
although there was a tendency for accretion over the north-eastern half
of the study area and erosion closer to the point (Figure 3.9).

Between 1/4 and 1/5 the HW contour migrated seawards by up to about
8m but in 1/4 what little movement occurred was in a landwards
direction. Further down the coast between 1/7 and half way along 1/10
the movement of the contour was seawards by up to about 9m. From
the middle of 1/10 landward movement occurred which steadily increased
from near zero at this point to about 24m at 1/14 where the change in
position of the contour dropped back to near zero between here and the
end of the Sandbanks peninsula.

(iv) Changes in the position of the cliff fine between 1901 - 1925

At the north-eastern end of the study area slight erosion of the cliffs
occurred amounting to up to 4min 1/4 (Figure 3.7). No change could be
measured in 1/5. In 1/6 the north-eastern end eroded by up to 8m, there
was little change in the centre but substantial erosion amounting to a
change in the cliff line of up to 28m at the south-western end (Canford
Cliffs). No change in the location of the cliff line could be identified in 1/7
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between the 1901 and the 1925 maps. A further stretch of the cliff was
tost between the centre of 1/8 and its south-western end and just into 1/9.
The maximum loss over this stretch was 24m near the centre of 1/8 but
this reduced rapidly towards the south-west.

(v) Changes in the position of the cliff line between 1925-1955

in the period between 1925 and 1955 the cliff line in 1/4 retreated by up
to 9m. Further to the south-west in 1/5 the change was less at up to 5m
and in the north-eastern end of 1/6 even less change was identified. At
the south-western end of 1/6 a 200m length of cliff retreated by up to 8m.
No change occurred in 1/7 or In the north-eastern half of 1/8. The
remainder of 1/8 exhibited a small change amounting to about 1m but 1/9
lost up to 10m of ¢liff, The results are shown diagrammatically in Figure
3.8 and are tabulated in Table 3.1.

(vl) Changes in the position of the cliff line between 1955-1993

A close examination of the 1993 map showed that with the exception of
the 1/4 and 1/5 no change in the ¢liff line occurred between this and the
earlier 1955 map. This is because by the end of this period the frontage
was protected by a seawall/ promenade. The change amounted by up
to 6m and up to 8m in 1/4 and 1/5 respectively. The results are shown
diagrammaticafly in Figure 3.9 and are tabulated in Table 3.1.

(vii) Summary

As demonstrated in Figure 3,10 the largest changes in position of both
the HW contour and the cliff line occurred during the period between
1901 and 1925. The HW contour moved landwards by as much as 18m
at the north-eastern end of the study area (1/4) and seawards by a
maximum of 51m at Sandbanks (1/11). At two locations (Canford Cliffs
and just south-west of Flag Head Chine) the cliff retreated by about 1m
per year on average during the period between 1801 and 1925 whereas
in the latter two periods (1925 to 1955 and 1955 to 1993) the maxirum
rate of erosion was considerably less at 0.3 m/a and 0.2 m/a respectively.

3.3.4  Beach sediment fransport

Long-term changes in sand or shingle shorelines are usuaily caused by
variations from point to point in longshore transport of beach material. As with
many other parts of the modelling of the Poole BC coastline, use was made
of previous investigations (HR, SR 1460, 1986 and HR, EX 2228, 1991). The
sediment transport modelling carried out for this benefited from wave rider data
used to verify wave climates in Poole Bay and from representation of wave
diffraction around Durlston Head (see Section 2.2.6)

Littoral drift is a continuous process occurring throughout the year in both
commonly occurring and storm wave conditions. The rate of drift at any
moment is sensitive to wave height, wave period and wave direction. There
is usually considerable seasona! and annual variability in drift rate. The
average gross drift over a year, ie the sum of the lefiward and rightward drift
rates (as seen by an observer facing seaward), is often very much higher than
the average nett drift rate, ie the difference between the leftward and the
rightward drift rates.
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Different wave conditions produce different rates of drift and occur for different
percentages of the time. To estimate annual drift volumes it is therefore
necessary to have detailed wave climate data, comprising as a minimum the
distribution of wave height against direction and a typical relationship between
wave height and period.

The HR Wallingford DRIFTCALC model was used to calculate potential sand
transport rates. Each wave condition in DRIFTCALC is transformed inshore
to its breaker poini, assuming parallel-contoured refraction and shoaling
effects. An equivalent leftward or rightward rate of drift is calculated for each
wave condition. A volume of leftward or rightward drift over a year is then
calculated, with reference to the frequency of occurrence of that wavse
condition. The volumes are summed to give an estimate of the gross and nett
drift rates.

Methods for assessment of long-term changes in littoral drift rates on UK
beaches were developed during a previous HR Wallingford study of climate
change (Jelliman, Hawkes and Brampton, 1991). Using the 19 years of
simulated wave climate data produced by HINDWAVE, the potential littoral drift
was hindcast for individual years from 1974 to 1992. As well as estimating the
long-term annually averaged littoral drift rate, and its variability between the
prediction points, it was possible to analyse the year-by-year variability and
trends over the 19 year period. '

It was originally intended that DRIFTCALC would be run using the annually
averaged wave climate and the typical beach normal at each of the eight
Poole Bay wave prediction points. However, as the study progressed it
became obvious that useful results could not be obtained for some of the
prediction points. Inshore Point A provided deep water wave data for use
throughout Studland Bay, but because of the range of beach orientations in
the Bay, it was impossible to define a realistic beach normal direction. The
remaining seven focations (B-H) were used in the DRIFTCALC analysis,

The predicted annually averaged potential nett and gross drift rates are listed
in Table 3.2. The units used are cubic metres of material moving through a
typical beach cross-section per year. (To obtain the approximate equivalent
rates in tonnes per year, multiply the figures by about 1.8.) For completeness,
other information such as the beach normal and the mean inshore wave
direction are included in the table. There is great variability from point to point
and from year to year. The lowest predicted rate of drift in Poole Bay is at
Inshore Point E where the average inshore wave direction is almost equal to
the beach normal direction. Individual drift rate predictions are quite uncertain,
but the results listed in Table 3.2 give a good idea of the volumes of material
involved. -

For each of the Poole Bay points, the gross potential littoral drift rates for each
individual year of wave data were calculated, and the results are plotted in
Figures 3.11 to 8.17. The corresponding results for nett drift rates for each
year are shown in Figures 3.18 to 3.24. There is great inter-annual variability
at all the prediction points, both in the gross and nett drift rates. There is a
suggestion of long-term trends in some of the nett drift plots. In patticular the
rate of nett easterly drift at Points D to H is predicted to have increased
substantially from 1974 to 1980. The nett drift is predicted to have changed
direction from west to east during that period at Points E and F.
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Discussion

For points E to H, in the eastern part of Poole Bay, the results concur with
previous researchers (Henderson, 1978, Lacey, 1985) in predicting a drift
towards the east. However Table 3.2 indicates that the littoral drift is towards
the east around the whole of Poole Bay (east of Poole Harbour enirance).
Eastward drift is confirmed by observation of build-up of sand on the western
side of groynes on the PBC frontage (observed as long ago as 1903 by
Vernon-Harcourt), by historic photographs (see Plate 4.1), and surveys from
this century which show the same trend.

Previous researchers (HR, EX 2228, 1991, Henderson, 1979, Lacey, 1985)
have indicated a westerly drift in this area. Their hypothesis is supported by
the classic spit shape of Sandbanks and by the fact that the only source of
sediment in Poole Bay is by erosion of the sand cliffs whilst there is large
scale accretion west of Poole Harbour entrance in Shell Bay and Studland
Bay, suggesting a westwards sediment transport pathway.

The results of the analysis carried out for this study suggest that the
gontribution to littoral drift of south-westerly waves diffracting round Durlston
Head and into Poole Bay is evidently significant. These waves drive drift
towards the east dominating the locally generated southerly to easterly wave
climate. Furthermore, the wave refraction diagram shown in Figure 3.256
shows how storm waves from the south-east are reflected off Hook Sand so
as to approach Sandbanks from the south contributing to an eastward drift
along to the frontage. Waves reflected off the steep sides of Swash Channel
will also generate an easterly drift component.

1t would not be realistic however to imagine that these latest results are a
precise representation of the littoral drift regime, particularly near Poole
Harbour entrance. In calculating the drift rate no attempt was made to include
effect which gradually reducing wave heights in the lee of the [sle of Purbeck
will have on littoral drift. This wave height gradient will induce a westwards
current which will make a contribution to carrying sand in that direction.

Although the effect of the channels and shoals near the Harbour entrance has
been included In the wave refraction modelling, the processes of wave
transformation and breaking in shallow water are complex and cannot be fully
represented by existing models. One impact these shallow water effects will
have is to drive sediment onshore over Hook Sand. High waves which pass
over Hook Sand lose a proportion of their energy because of breaking. This
loss of energy not only reduces inshore wave heights but also introduces a
current over the shoals which will act o move fine material. The effects of
wave breaking over the nearshore shoals has been studied by modelling
radiation stresses (HR, EX2228, 1991) which confirms that during storm
conditions radiation stresses contribute to onshore movement of sediments on
Hook Sand and near Poole Head (Figure 3.26).

Near Poole Harbour entrance tidal currents make a significant contribution to
sediment transport. Figure 3.27 indicates the nett potential sand flux over the
course of a spring tide. The very large vectors in the Swash Channel are
misleading because the channel bed is coarse material which will not be as
readily transporied as the sand for which the plot was computed. However,
the pattern of nett fransport on to Hook Sand and westwards down the flood-
dominated East Looe Channel are instructive. The combined effect of currents
and waves on sand transport in this area is much more difficult to compute.
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Tidal currents also influence sediment distribution by interacting with waves to
change their height and direction. This effect is well known in Poole Harbour
entrance where waves steepen on a flood tide, but has not been included In
the sediment transport modelling. However, despite some of the shoricomings
in the littoral drift modelling, most of which are confined to the immediate
vicinity of the Harbour entrance, the results presented in Table 3.2 are a
reasonable estimate of drift rates elsewhere in Poole Bay.

The question remains that if longshore drift on Sandbanks is towards the east
how did the peninsula originally form? At first glance Sandbanks appears to
be a classic example of a spit formed by drift towards the west. However,
since longshore drift is tending to force Sandbanks to retreat towards the east
it seems more likely that the peninsula is a relic of a former morphological
regime. Rising sea levels after the last ice Age left former knolls in the
moorland which covered the Poole Harbour basin as isolated islands.
Brownsea Island, Green Island and Furzey Istand remain isolated within the
harbour, whilst the shape of Sandbanks suggest that it is of a similar origin.
The abrupt change in the course of the fast flowing tidal channel at Brownsea
Road and round the tip of Sandbanks suggest that resistant beds underlie
Sandbanks and Brownsea Island. The peninsula's existence is explained
more readily in terms of post-glacial sea level rise than in terms of relatively
recent trends in longshore drift.

It is also reasonable to suppose that the direction of drift computed from recent
wave climates did not necessatily prevail even in the historical past. Analysis
of the potential littoral drift over the years 1974 to 1990 suggest a reversal of
nett drift direction from west to east at point E in Poole Bay during the 19 year
period (see Figure 3.21). Subtle changes in bathymetry or wave climate can
have a significant impact on longshore drift. It is quite possible that at some
time in the past westward drift did contribute to the formation of Sandbanks or
at least to linking a former "Sandbanks Island" to Poole Head.

Another sediment transport influence which has obviously contributed to the
formation of Sandbanks Is that of dune formation. Wind-blown sand has built
up substantial dunes on Sandbanks (and South Haven Peninsula). Though
the dunes have now mostly been built upon, wind-blown sand is noticeable on
the upper beaches at Sandbanks. Prevailing south-westerly winds encourage
the observed build-up of sand on the western sides of groynes.

The best appreciation of the present day longshore drift regime along the
western part of the Poole Bay beaches is as follows:

(i} Waves carry beach material westward, along the upper part of the beach,
from the west of Bournemouth over the boundary into Poole Borough and
foward Canford Cliffs.

(i) From here onward, sand increasingly tends to travel offshore travelling
south-west onto Hook Sand.

(i) Some of the sand eventually ‘escapes’ over the dredged channel to
Studland Bay (although this mechanism is rather more easy to deduce
than to demonstrate by numerical models or field data).

(iv) Transport on or around Hook Sand is very complicated. There is strong
evidence, however, that the nett transport of sand in East Looe Channel
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is westward, as a result of the flood tide dominance. There is also likely
to be a perlodic onshore transport of sand from the crest of Hook Sand
in severe storms.

These two mechanisms provide a supply of material to the beaches from the
Haven Hotel eastward.

{v) Finally the balance of evidence suggests a nett eastward drift along the
inter-tidal beaches. This diminishes and eventually reduces to zero, at
the meeting point with the westward-travelling drift from the Bournemouth
frontage. This location will not be fixed but will tend to shift position
depending on recent weather conditions, changes in Hook Sand and
subtle changes in the wave climate from year to year.

3.3.5 Seabed morphology

Shown in Figure 3.28 are the findings of seabed sampling which revealed the
seabed to be principally sand apart from a gravel bed to the Swash Channel.
Strong tidal currents in Swash Channel ensure that except within the vicinity
of the bar at its seaward end, sand within the Channe! remains in suspension
and is not deposited on the seabed. An area of fine sand extends from the
north-east flank of Hook Sand into Studland Bay. The sediment on top of
Hook Sand is coarser and therefore less mobile than that on the Bar. The bed
is gravelly further offshore (HR, EX 1796, 1988).

Analysis of the seven charts (1848-1990) (HR, EX 2480, 1991) confirms that
over the past 150 years the main features of Poole Bay have not changed.
The main changes in bathymetry are as follows:-

(a) An increase in depth over the Bar at the seaward end of Swash Channel
from 1.0m to 4.0m associated with the construction of the training walls
between 1848 and 1878 and 1925-27. The construction of the training
walls controlled the migration and spread of Swash Channel and induced
a build-up of sediment in Studland Bay.

(by In 1988-1989 Poole Harbour Commissioners (PHC) catried out capital
dredging in the Swash Channel resulting in deepening and widening of
the channel. This has affected localised accretion and erosion due 1o
changes to the tidal flow through the channel and surrounding bank
areas. However, checks were made that changes in the channel would
not influence wave heights along the nearby coasts.

(c) The East Looe Channel has generally deepened over the past 150 years,
and particularly over the last four years (see Figure 3.29).

(d) The crest of Hook Sand has been seen to migrate from one survey to
another and is absent in the 1988 survey. The crest is removed by the
action of storm waves and is likely to re-establish during the calmer
summert months. This feature Is an example of the transient seasonal
differences that occur from one survey 1o another.

Surveys between 1785 and 1934 (Robinson, 1955) are compared in
Figure 3.30. These historic surveys suggest the same conclusions as inferred
above, that though principal bathymetric features of western Poole Bay are all
recognisable in the first chart (1785) they have been continually developing,
the main change being associated with construction of the training bank and
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dredging of the Swash Channel. Significantly, Vernon-Harcourt (1903) records
that erosion on the Sandbanks frontage began upon construction of training
bank west of the Swash Channel and consequent opening out of the East
Looe Channel.

A comparison of surveys in 1980, 1992 and 1994 (Figure 3.31) suggests that
at its western end the East Looe Channel has deepened noticeably, tending
to steepen the beaches of Sandbanks. Material driven onshore from Hook
Sand will tend to be carried in the flood dominated East Looe Channel into the
Swash Channel rather than accreting on the beaches. The reasons for the
deepening and onshore movement of the East Looe Channel are uncertain,
it is not surprising that the bed where the East Looe joins the Swash Channel
is tending to erode, in view of the differential in bed levels at this point.
Increased tidal flows in the Swash Channel have in turn encouraged faster
flow and hence deepening of the East Looe Channel. The tendency for tidal
flows in the Swash Channel to increase is attributable to the construction of
the training bank, and an increase in the tidal prism inside the Harbour (due
to salimarsh dieback). These changes have been examined in more detail in
the feasibiiity study for Sandbanks Coast Protection Scheme {HR, EX 3083,
1994).

3.3.6  Sediment transport pathways

Numerical sediment transpott modeliing (HR, EX 1461, 1986) indicates that the
tide generates a southward drift of water and suspended sand along the Hook
Sand and across the Bar past old Harry Rocks. Preliminary tidal and sand
transport calculations for a mean tide without the aid of wave action, indicate
that about 20000m®*year of sand passes southwards over the Bar. The stirring
up of sediment by wave action on the Bar assists the predominant ebb tidal
currents in the Swash Channel to cany sand along the side of Hook Sand
even if there is no littoral component along the spit. In a subsequent study
(HR, EX 1796, 1988) a computational model was used to simulate sand
transport under the influence of both tidal currents and wave action. The
calculations showed that most of the sand transport occurs during petiods
when typical wave conditions coincide with spring tides which happens about
15% of the time. There is a well defined net residual drift of water from Hook
Sand southwards across Poole Bar. Sand has tended to accumulate in
Studland Bay. Onshore wind transport of sand accreting on the foreshore of
South Haven Peninsula has lead to the ongoing building of the sand dune
system on the Peninsula which constitutes a sediment sink. From Handfast
Foint strong tidal currents rapidly flush sandy and fine gravels further south
into Swanage Bay. Thus southward transport along this pathway is an output
from the Poole Bay systern (Bray et al, 1991).

Evidence of seabed sediment supply to Poole Bay from Christchurch Bay is
conflicting. Sand-wave bed-forms indicate a westward supply from Dolphin
Bank. By comparing Admiralty Charts Lacey (1985) calculated a net accretion
of 727000m°/year (1849-1977) in the central part of Poole Bay and measured
a comparable erosion in Christchurch Bay. Westward transport to Poole Bay
is a logical explanation for the observed features (Bray et al, 1991). However,
sea bed drifter experiments (Tyhurst, 1976} indicate a fransport in the opposite
direction though the reliability of these studies is questioned by Bray et al
(1991). It seem unlikely that significant amounts of material could travel
westwards over Christchurch Ledge from Christchurch Bay against the
prevailing wave direction (HR, EX 2228, 1991). Indeed littoral transport round
Hengistbury Head is clearly in an eastward direction.
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in addition to the recognised sediment path from Poole Bay into Studiand Bay,
evidence of bed form and the mineralogy of sediment samples indicates a
southward supply from Poole Bay. No evidence of corresponding northward
return feed was available so it is concluded that this pathway comprises a net
output from the Poole Bay system. Much material may have been supplied
from Christchurch Bay via Dolphin Sand and possibly only passes through
Poole Bay en route to a sediment sink in the Channel (Bray et al, 1991).

The final contribution to the sediment system in Poole Bay is interchange with
Poole Harbour. Sediment transport modelling of Poole Harbour entrance
yielded a net sand transport for tidal currents alone of 113m® per tide out of
the Harbour during spring tides (HR, EX 1796, 1988). Analysis of sediment
transport by wave action indicated potential for sediment transport and
deposition in the harbour entrance especially with storm waves. Calculated
input on a spring tidal cycle was 250m° per tide for typical waves and 1625m®
per tide for storm waves (HR, EX 2356, 1991). These results indicate that a
critical balance must exist between sand input {typical storm wave conditions
prevailing perhaps 30% of the time) and output {calm conditions prevailing for
about 70% of the time). The long-term net trend could not be established from
these studies (Bray et al, 1991). |t is to Poole Harbour that we shall now turn
our attention.

3.4 Morphology of Poole Harbour

3.4.1  Morphological development
The characteristic hydraulic conditions within the harbour have an important
bearing on recent morphological development:

«  The small tidal variation (1.1m neap tidal range, 1.8m spring tidal range)
restricts the vertical range over which wave action influences the shore.

+  The presence of water above mean sea level for 16 out of 24 hours
means that conditions within the Harbour approach those of a matrine
lake or lagoon.

+  The prolonged tidal stand exacerbates the very flushing characteristics
of the Harbour which are fundamentally the product of the high degree
of land-focking.

. Wave action within the Harbour is dominated by locally generated waves
which are fetch-limited. Because of the intricate shape and bathymetry
of the harbour, the fetch lengths and thus incident wave height can vary
considerably along quite shott stretches of shore. The maximum fetch
at high tide within the Harbour coincides with the direction of prevailing
winds from the southwest.

. Larger waves can penetrate the harbour entrance and spread into the
harbour by refraction and diffraction, whereby wave height rapidly
decreases. This only occurs when winds are from the south-east though
this is the direction of largest storm waves in western Poole Bay.

»  Tidal velocities increase towards the harbour entrance. The merging of
the channels as well as constrictions and bends in the channels all serve
to increase this tidal velocity. In the Middle Channel the flood tidal
stream dominates whereas the ebb dominates the North and Wych
channels. '
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it is believed that sediment processes within the harbour are more or less in
equilibrium (Bray et al, 1991, Fahy, 1993, PHC, 1985). The equilibrium must
be a dynamic one since the reducing extent of saltmarsh vegetation has
released large quantities of sediment into the harbour during recent years and
man has a significant impact on the system both by reshaping the shoreline
with land reclamations and by dredging the harbour floor.

3.4.2  Sediment distribution

The underlying beds of the Brackiesham Group contribute sands, gravels and
clays to the sediment regime in Poole Harbour, These have been re-exposed
by erosion in several places around the harbour. Inter-tidally both sands and
clays feature in cliff faces cut by wave action. Sub-tidally, natural exposures
of the clays occur within several sections of the channel where tidal currents
and scour are sufficiently strong to prevent settling of more recent sediments.
The sand beds are too readily erodible to naturally feature intact. Hard natural
bedrock is virtually absent within the Harbour with the exception of one area
of the Haven Channel where outcrops of sandstone have been exposed by the
strong currents and more recently by dredging {Dyrynda, 1987).

More recent fluvio-glacial deposits which overlie the Bracklesham Group
contribute a wide range of sediments. Fluvial deposits which continue to be
discharged into and redistributed within the Harbour contribute silts and clays
to the sediment regime. The lower Frome, in particular, is characterised by a
wide alluvial flood plain. However, on the PBC frontage the supply of fluvial
sediment is much less than elsewhere in the Harbour being confined to the
streams which discharge into Holes Bay and Lytchett Bay. Organic activity,
as well as stabilising fine sediments, has laid down beds of peat which have
been found in Holes Bay exposed by channel scour.

The pattern of sediment distribution reflects the varying wave / current
environment. Generally the upstream gradient of declining tidal energy away
from the entrance into the sheltered parts of the harbour, is reflected in
decreasing sediment size, increasing incidence of net accretion as opposed
to erosion, and increasing incidence of unconsolidated as opposed to
congolidated beds. Similarly across the channel cross-sections there is an
decrease in sediment coarseness and consolidation towards the channel
margin, though this pattern is modified at channel bends. Thus within the
Haven, the most current-scoured section of Poole Harbour, the channel is
more than 15m deep and sediments range from medium and coarse sand at
the channel peripheries, to stones, boulders and consolidated clays at the
channel centre. At the other extreme, typical upstream profiles, for example
in upper Holes Bay, may hardly botiom out below Chart Datum level and the
profilte may be entirely of soft mud.

Super-imposed on this pattern of tidal-induced sorting are the effects of waves
on the northern and north-eastern shores which are exposed to the longest
fetches. Sand dominates in these areas, occasionally with a narrow shingle
or shell upper beach. Large cobbles and boulders are found at several
locations derived from erosion of the seawalls and breakwaters built up to 120
years ago. [n sheltered parts of the bays muds prevail.

Because of the restricted wave energy, and limited vertical extent of wave
action, nearshore sediments can be poorly sorted. Below mid-tide level,
shingle in a matrix of sandy muds is widespread on the PBC frontage.
Furthermore, because of the targe quantities of sand that have been released
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within the harbour by erosion, this sediment is widely prevalent and even
visible in the low energy environments of the bays.

3.4.3 Saltmarsh stabilisation

Saltmarsh vegetation has made an important contribution to stabilisation and
accretion of areas of mudfiats. Indeed changes in the inier tidal area of Poole
Harbour this century have been dominated by the arrival, spread and decline
of the saltmarsh grass spartina anglica. Because of higher than average wave
activity, saltmarsh is less extensive on the PBC frontage than on southern and
western shores of the harbour. However, saltmarsh is the dominant foreshore
type in Holes Bay and Lytchett Bay and also exists in Parkstone Bay and Blue
Lagoon. Even where saltmarsh is not the dominant foreshore type its impact
on sediment distribution and the tidal prism is of importance throughout the
Harhour.

The sources of the clay and fine silt particles that have provided the raw
material for mudfiat construction include river suspended load, marginal
erosion and {more debatably) reworking of deposits in the harbour bed. The
colonisation of mudflats by salimarsh vegetation has been decisive in
accelerating rates of deposition. In this context the role of spartina over the
past century has been especially important (Bray, et al 1991).

Spartina was first reported in 1899 at Ower and it thereafter invaded large
areas with remarkable speed and vigour in the succeeding 25 to 30 years.
Stratigraphical studies have indicated that the general marsh level was raised
in some areas of the upper Harbour by more than 1.8m, and that spartina -
accreted sediment depths of more than a metre are common with & possible
gradient to shallower sediments towards the Harbour mouth (Gray, 1985).
Since then there has been a gradual reduction in the extent of the vegetation
teading eventually to widespread “dieback”. The loss of marshland has
hecome particularly noticeable In recent years in areas such as Holes Bay but
detailed studies indicate that the rate of recession has accelerated only slightly
within the Harbour as a whole {Gray, 1985). By 1980 around 360 hectares,
more than 46% of the 1924 area, had been lost, with as much as 189 hectares
foss sihce 1952,

The process of saltmarsh spread and dieback is not fully understood, nor has
it been established how much sediment is trapped by saltmarsh vegstation.
It is clear, however, that saltmarshes do represent a major sediment store and
that where dieback has taken place considerable quantities of sil/clay have
been re-released into the harbour. Re-deposition of sediment has shallowed
the harbour in some areas, notably in the upper paris of the major channels.
However, possibly as a result of the enhanced tidal volumes and scouring in
the harbour because of the loss of spatina marsh, the seaward ends of the
major channels have actually deepened.

3.4.4  Shoreline changes

Reclamation and shoreline changes in Poole Harbour were studied in detail by
May {1963) whose principal findings are presented in Table 3.3. Changes in
the intertidal area were also examined by May and the findings summarised
in Table 3.5, Accretion of an estimated 1052 hectares due to natural or
human land claim has significantly exceed erosion of an estimated 41
hectares.
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Shoreline change has been measured for this study by compating the first
edition of the Ordnance Survey County Series (surveyed in 1887 and 1888)
with subsequent resurveys (in 1900, 1937, 1953 and 1993). Changes in the
Mean High Water Mark and, where appropriate, the cliff toe and cliff top were
studied. Specific changes are discussed in the Management Unit descriptions
in Section 4.4,

The general trend, which is illustrated in Figure 3.32, has been one of retreat
of the High Water Mark at the southern end of the Sandbanks peninsula
{(Management Unit 2), at the cliffs on the Lilliput frontage (Management Unit
5}, at Baiter Park (Management Unit 7) and at Rockley Sands (Management
Unit 13). Erosion of the southern end of Sandbanks has been most marked
near the Haven Hotel where the High Water Mark has retreated by 14m
between 1888 and 1993. Moving towards North Haven Point the retreat has
been less and opposite Brownsea Road there is no consistent trend in
shoreline change the High Water Mark having retreated and advanced
between various surveys.

The cliff toe at Lilliput (Management Unit 5) has not moved since 1955 by
which time it was fixed by seawalls. Before then, cliff erosion was active and
the High Water Mark retreated by up to 12m belween 1900 and 1955,
Photographs of the cliffs in 1852 show signs of active erosion.

Baiter Point has always had a beach though before substantial land claim in
Parkstone Bay it only comprised a narrow spit. The beach Is now backed by
recreation ground (Management Unit sub-section 7/5 and 7/6). Comparison
of surveys indicates a retreat of the High Water Mark by up to 28m between
1888 and 1993.

Analysis of shoreline change at Rockley, where erosion is still continuing, is
hindered by the impact of past china-clay workings have had on the coast,
The 1901 revision of the Ordnance Survey plan shows spoil from the china
clay workings dumped on the foreshore east of Rocksey Point and this has
masked frends in the natural processes. Nonetheless, natural erosion has
persisted throughout the record of surveys. The High Water Mark has
retreated by about 10m between 1888 and 1954 (in Management Unit sub-
section 13/10) and the cliff edge by up to 16m over the same period.

3.4.5  Littoral processes

On several shores a modest sand, shingle or shell beach towards the
backshore indicates potential for some littoral sediment transport, Wide flat
foreshores on the north-east side of the bay have a surface layer of siit or
sand but underlying widely graded materials from gravel to clay indicate
minimal sorting by wave / current action.

Computation of potential wave-driven sand transport on the beaches inside
Poole Harbour was carried out using the DRIFTCALC mode! which is
described in Section 3.3.4. Five of the nine wave prediction points in Poole
Harbour (see Figure 2.48) were employed for the DRIFTCALC analysis. Point
C was not used since Holes Bay consists of mudfiats and points E, H and |
were not used because determination of 2 beach normal at those locations
would have been too arbitrary and the rate of drift would not reflect the general
potential drift in the area.
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The predicted annually averaged potential nett and gross drift rates are listed
in Table 3.4 and are shown on Figure 2.48. Typically the nett volume per year
is a few thousand cubic metres. The potential transport can only occur in
practice if a full beach is available to be acted upon by the waves. Clearly this
is not the case in Poole Harbour where the backshore and in places part of the
foreshore has been extensively reclaimed. Moreover, the dominant influence
of tidal currents in sediment transport will modify and in places completely
override wave-induced transport. However, the results from in Table 3.4 are
sfill instructive in elucidating the longshore sediment transpott regime on the
north and north-east shores of Poole Harbour.

As would be expected potential sand franspott rates (Table 3.4} are generally
modest and from west to east on the Rockley, Lake, Baiter and Parkstone
beaches. At Lilliput the local beach orientation of 232°N induces a nottherly
drift driven by prevailing south-westerly waves, a result confirmed by the build-
up of sand on the south side of Salterns Marina.

3.4.6  Bathymetric development

Review of historic charts reveals that the basic pattern of channels in Poole
Harbour has remained relatively stable since 1785 (Fahy, 1998). The major
changes are:

- There has been considerable shallowing of the Wareham and Wych
Channels mostly associated with the release of sediment by the decline
in spartina between the 1930’s and 1960’s. Most of the other minor
channels have also shallowed greatly though there has been some
stability since 1950 (PHC, 1982).

- There has been considerable deepening in the Middle Mud area since
the 1940s. This was first definitely observed in 1954 and the rate of
deepening is now increasing (PHGC, 1982).

- The North Channel has tended to migrate northwards and eastwards
{Green, 1940, McMullen, 1979).

- Until recent dredging, the Middie Channel was naturally shallowing,
especially immediately north of the eastern end of the Wych Channel
where ebb streams are said o deposit sediment in the channel.

These channel changes have tended to be a consequence of rather than the
cause of shoreline change, most notably in the case of spartina dieback which
has released sediment into the upper channels.

The relative stability of the channel system is clearly related to the constraining
effect of the promontories and islands which prevent the exiensive laterai
migration of low water channels which is a characteristic feature of large
estuaries such as the Dee or Morecambe Bay (Grey, 1985). Channel! stability,
and indeed survival of the narrow infet to the Harbour (Green, 1940), also
depends on the small tidal range.

3.4.7 Human influences

Human development of Poole Harbour in recent centuries has had a major
impact on the shoreline and bed of the harbour. Whilst on the southern and
westarn shore of the PBC frontage natural processes still prevail, development
of the majority of the shoreline dominates the pre-existing regime. Whilst
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human development of the Harbour takes many forms from boat moorings to
navigational aids the two important influences on morphological development
have been reclamation and dredging.

(i) Reclamation

Land claim on the shore of Poole Harbour has progressively reduced the area
of the harbour and modified the shoreline environment. Natural stabilisation
and build-up of mudilats has contributed to effects of manmade reclamations
in causing a 20-25% or 1000ha reduction in the original surface of the harbour
as measured at MHWS (Fahy, 1993). May (1969) guantified the area of land
claimed by both natural and human influences and his findings are
stmmarised in Table 3.5.

Human reclamation has tended to be concentrated on the northern side of the
Harbour and has been carried out for the purposes of communication
(wharves, jetties, roads, railways), housing, recreation {marinas, playing fields)
and industry (power station, gas works and factories). Dyryndra (1987)
identifies two types of reclamation:

* impoundment - the enclosure of inter-tidal areas using breakwaters,
bunds efc;

. infilling - involves total loss of the claimed area, usually to above the high
water mark, to create land for development.

Construction of railway embankments has partly impounded Lytchett Bay and
inner Holes Bay and completely cut off the inner recesses of Parkstone Bay
so forming the boating lake within Poole Park., The extension of berthage on
both sides of Back Water Channel has lead to further isolation of all upstream
areas within the Holes Bay. Much smaller areas of the harbour have been
impounded for construction of marinas. Whilst the area of ground actually
covered by impounding structures is fairly smali, by reducing tidal exchange
within the impounded area and increasing shelter from wave action, lagoon-like
areas are created. These areas generally tend to becorme shallower due to
an accumulation of fine sediments, whilst within the link-channel of the
impounded area (if there is one), concentrated tidal flows cause localised bed
scour.

Infilling often follows on from impoundment. Depending on the nature of the
infilled area ihis can involve immobilisation of a sediment store. The
reclamation work can act as a barrier to littoral processes and can constitute
a more reflactive shore thus altering the hydrodynamic environment in front of
the reclamation. This is the case between Town Quay and the Ferry Terminal
where reflections from the vertical wharves amplify the local wave climate. In
general, however, infilling has not had much impact away from the immediate
area of development,

The principal infilled areas on the PBC frontage have been around the sides
of Parkstone Bay for marinas, recreation and the former gas works; on either
side of the Back Water Channel and at the Hamworthy docks; for the A350 on
the eastern side of Holes Bay.

(ii) Dredging

Occasional capital dredging and periodic maintenance dredging has been
carried out to improve tho navigability of Poole Harbour for commercial
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shipping. The following average annual dredging volumes are quoted by Fahy
(1993).

1969 to 19756 23103m%yr
1975 to 1981 34448m’Hyr
1981 to 1984 47679m°yr

Table 3.5 shows the capital and maintenance dredging undertaken within the
harbour from 1984-93,

The main capital dredging project in recent years has been deepening of the
Middle Channel to accommodate the cross-channe! vessel M V Baifleur.
Shipping bound for Poole Port which used to navigate the North Channel now
uses the straighter Middle Channel. Associated with this work has been
deepening of the roll-on/roll-off berth. Sediment has also been removed by
dredging from Fisherman's Dock, Poole Harbour Commissioners Quays, the
Royal Marines Slipway, and Chapman's Peak, though the latter shoal had
substantially returned only three months after dredging (Appleton, 1994).

The ecological impacts of dredging are discussed in some detail by Dyrynda
{(1987). In terms of the impacts on shoreline processes, dredging within the
harbour has shown not to have any discernible effect. The hydraulic regime
has been modified since currents have tended io be concentrated within the
dredged channels. Higher waves may be locally transmitted in the deeper
channeis but will be atienuated on the channel banks. By increasing the
subtidal volume, the tidal prism ratio will be reduced. However, there is no
conclusive evidence of the impact, if any, of these changing influences on
conditions at the shoreline. :
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4 Coastal characteristics and existing defences

4.1 Introduction

This chapter describes in detail the important characteristics of the PBC
frontage which will influence decisions on future management of the coastline.
Management will be influenced by hydraulic and morphological conditions
which have been discussed in preceding chapters and are summarised in this
Chapter. It will also be influenced by the nature and condition of the existing
coastal defences and by issues of fand use and environment, so these
characteristics are also discussed,

The approach taken here has been to divide the coast into fourteen
Management Units, each covering between 0.3 to 4.6km of shoreline (see
Figure 4.1 and Drawings 1 to 4). The Management Units have been defined
on the basis of consistent beach type and hydraulic regime. Usually the
coastal defence and the land use behind the shoreline is also homogenous
within each Unit. The justification for extent and limits of each Unit is
explained in the Management Unit descriptions in Section 4.4.

The nature and condition of the existing defences are covered in detall in the
Management Unit descriptions. In the next section the existing defences on
the PBC coastline are discussed in general terms, particularly in relation to the
protection they afford against coastal erosion and flood damage. It was hoped
to build up a comprehensive body of information regarding specific flooding
events. In practice, despite wide-ranging enquiries, evidence of specific events
was scarce. However, during the course of this investigation it was possible
to identify sites where flooding and erosion has in the past been a problem.
These sites are noted in the individual Management Unit descriptions.

One of the most important issues to be considered in a coastal strategy study
is the consequences of not intervening. In many areas of the PBC frontage
the present defences will continue o be adequate for the foreseeable future,
and these stretches of coast may require no more than periodic monitoring.
in this sense, "adequacy” is taken to mean providing the appropriate level of
protection, which on certain stretches of shoreline may be rather fess than
provided today. Equally well, from the analysis of present erosion rates, of the
performance of existing defences, and the sensitivity of the performance to a
modest rise in sea level, one may deduce that the "do nothing" option might
cause unacceptable flooding and/or permanent loss of land. An appraisal of
the consequences of not intervening in the medium term future (ie up to 10
years) is therefore necessary as a first step in assessing the need for, and
type of management needed. For each management unit, a number of factors
have been taken into account. These include:

* the present and historical rates of shoreline change;

. the calculated present performance of the defences;

* the residual life of the defences;

*  the past history of flooding or damage;

*  the sensitivity of the defence standards to climate change; and
. the fand use, and value behind the defences.

A full economic evaluation of the "do-nothing" option would require each of

these factors to be carefully looked into, and quantified, and this is well beyond
the scope of the present study. It has been possible, however, to provide a
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reasoned argument about whether or not such an approach is safe in the
medium term future (ie the next ten years). Depending on the particular
frontage, the most crucial factor will differ. For the eroding cliffs at Rockley
Sands, for example, the likely cost and environmental impacts of installing
defences will probably outweigh concern about slow shoreline retreat.
Conversely on Sandbanks where the beach is lowering in front of vuinerable
sheet pile walls which protect valuable properties, the situation will worsen in
the coming years and warrants immediate attention. For each Management
Unit (Section 4.3), therefore, we have made an assessment of the likely
consequences of a "do nothing" approach. This has been a primary guide to
the management options proposed in the following chapter.

4.2 Review of existing defences and coastal structures

The standard of defence provided by a section of seawall depends on the
margin of safety it provides against structural collapse or unacceptably high
overtopping discharge. The two distinct limit states are related. Seawall
collapse is a consequence of hydraulic forces as well as structural and
gectechnical aspects. Overtopping discharge, as well as depending on the
severity of storm conditions, Is also a function of crest level and cross-sectional
profile. Both overtopping and structural failure are highly influenced by the
level and condition of the beach in front of the seawall,

The assessment of the existing defences around the frontage has therefore
examined two criteria: the structural condition of the wall and its capacity to
prevent overtopping.

(i) Structural condition of existing defences.
The seawall type and material has been classified for each management unit
and subsection. The defence condition has then been classified using the

standard NRA classification of "good”, "fair®, "poor™ or "bad".

Of approximately 25.5km of defence, 8.6km is in a good condition, 12.3km is
fair, 3.8km is poor and about 0.8km is bad. The defences in a bad condition
are to be found in Units 5 (at Evening Hill), 6 (Blue Lagoon) and 13 (Rockley
Sands). Of these the structures across Blue Lagoon should not be cause for
concern provided they are sufficiently intact to prevent a significant change in
hydraulic conditions inside the lagoon. The other problem areas are discussed
in the Unit descriptions and solutions are recommended in the following
chapter.

(ii) Protection against overtopping and flooding

The capacity of the seawall o resist overtopping depends primarily on the
seawall crest level but also on the seawall slope and materlal, and on the
beach level at the toe of the wall. At each major section of seawall around the
frontage, information on crest height, cross-section, material and toe levet has
been combined with design wave and tide conditions (derived in Chapter 2) to
calculate wave overtopping of the seawall.

Analysis of overtopping at seawalls is based on the findings of flume model
research studies carried cut at HR Wallingford and elsewhere (HR, EX924,
1980 HR, SR316, 1993). For seawalls up to a 1:1 slope these empirical
findings now form the basis of the HR Wallingford seawal! overtopping model
SWALLOW.
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Overtopping was calculated at 17 seawall cross-sections on the Poole Harbour
and Poole Bay frontages. Dimensions of the seawall cross-sections were
obtained from the MAFF (1993) Coast Protection Survey. The cross-sections
analysed are shown In Figures 4.2 to 4.7.

Overtopping discharges which are sufficiently large to cause discomfort or
danger to passing pedestrians or vehicles, or actual damage to seawall
embankments were investigated by Goda (1971) whose findings are presented
in Figure 4.8. Goda assessed the critical discharge at the crest of the seawall
and 10m behind the crest, and found that 10m behind the crest each of the
limiting discharges could be increased by a factor of about 10. These c¢ritical
overtopping discharges can be compared with the predicted overtopping
discharges calculated at the various sites around Poole Bay and Poole
Harbour (Table 4.1 and 4.2). The results are shown in diagrammatic form In
Figure 4.9,

Overtopping discharge in the present study has been tested for two events, a
1:10 year and 1:50 year storm (based on joint probability return periods for
waves and water levels}), to give an indication of the frequency at which
inconveniencing or damaging events may be expected. So, for example, a
discharge sufficlent to damage the seawall embankment during a 1:50 year
event represents an unacceptable risk of breaching whilst it is probably
acceptable that on a road near a seawall cars will have to slow down because
of overtopping during a 1:10 year storm.

At two sites (Unit 1/14 near Midway Path on Sandbanks, and at Unit 8/2 at
Poole Town Quay) the combination of hydraulic conditions and seawall
dimensions is outside the bounds of the empirical equations on which
overtopping computations are based. However, whilst the overtopping at these
two sites cannot be quantified without recourse to site-specific research work,
experience at these sites proves that wave overtopping in rare storms is
excessive, Clearly both sites warrant attention to deal with this problem
though at Unit 1/14 the problem of overtopping is secondary to that of coastal
erosion,

Elsewhere the model results provide instructive guidance on the adequacy of
the defences. On the Poole Bay frontage the defences have similar crest
tevels (varying between 2.9 and 3.2m ODN, with the exception of sub-section
1/11 which is at 2.565m ODN). The protection against overtopping is closely
related to the beach level in front of the walls. Thus at sub-sections 1410 and
1/11 where the beach in front of the wall is high the overtopping, even during
a 1:50 year storm has been calculated to be sufficiently close o zero to be
negligible. Meanwhile at sub-sections 1/1 to 1/6 where the beach is up to
1.5m fower, overtopping during a 1:10 year storm is enough to make walking
along the promenades dangerous, and to damage beach huts. Overtopping
at these cross-sections is stifl not sufficiently high to seriously damage the
promenade itsslf even during a 1:50 year storm. These caleulations show that
ralsing beach levels (to say 2.5m ODN at the toe of the sea wall) will limit
overtopping to a negligible rate. This response is more practicable and more
acceptable, in terms of the amenity use of the promenade and beach, than
raising the seawalls.
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On the Harbour side of Sandbanks where wave conditions are mild, and the
backshore is occupied by private gardens and houses set well back,
overtopping is calculated to be insufficiently high to be a problem even during
a 1:50 year storm.

Two lengths of wall, at sub-sections 4/2 and 5/2 are below the 1:10 year water
level so sea water will flow over them. At sub-section 4/2 the road is set back
and is well above the wall crest level so whilst the wall overtops, flooding of
the road is not reported to be a problem. At sub-section 5/2 a footpath runs
paralle! to the sea defence at the same level and is regularly flooded causing
an inconvenience.

The wall along Shore Road (sub-section 4/5) is somewhat higher, but
overtopping is still calculated to be sufficiently high to be a hazard to traffic
during a 1:10 year storm.

At Lilliput {(sub-section 5/4) overtopping into private gardens can be sufficiently
high during a 1:10 year storm to be hazardous to someone standing directly
behind the wall, However, even during a 1:50 year storm it will not be
damaging to the seawall. The houses themselves are situated well back from
the defence.

In sub-section 6/3 at Parkstone, the same land use of private gardens, with
houses set well back from the wall, prevails. Here overtopping is more severe.
The still water leve! during a 1:50 year storm, after 50 years of sea level rise
at predicted rates, will be above the crest of the seawall. Calculations suggest
that constructing these walls to a uniform crest level of 2.25mOD will reduce
overtopping to an acceptable minimum even after predicted sea level rise.

Overtopping onto the footpath at Parkstone recreation ground will be
hazardous to pedesirians immediately behind the rock revetment more
frequently than once in ten years. However the overtopping will not damage
the Integrity of the defence. The rock revetment in Holes Bay (sub-section 9/2)
provides good protection against overtopping for the road which Is set well
hack.

At Hamworthy recreation ground, whilst the beach is relatively high, affording
some protection against wave attack, the seawall itself is very low. It is
regularly overtopped. Beach huts and the cafe have been damaged by
overtopping during storm surges. To limit overtopping during a 1:10 year
storm to an acceptable level the seawall would need to be raised to a level of
2.3m.

Further west the private seawalls vary in crest level. The typical wall surveyed
has a level of 2.57m ODN, has a high beach in front of it (above MHWS), and
affords good protection against overtopping.

Table 4.3 demonsirates that predicted sea level rise will, over a period of fifty
years, have a marked impact on the capacity of the seawalls to resist
overtopping. This is particularly true inside the Harbour where seawall crest
levels are, in many places, already in danger of being overtopped by extreme
surge water levels. Sea level rise is therefore a significant consideration
when examining standards of flood protection, which differ somewhat from the
recommended standard of protection against overtopping.
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Low-lying areas on most of the PBC frontage should be protected against an
extreme water level with a 1:50 year return period whiist the urban area of
Poole should be protected against a 1:200 year still water level (MAFF, 1993)
which have been calculated to be 1.89 and 1.92m ODN respectively. Sections
of frontage which do not achieve this standard are noted in the Unit
descriptions. For example Town Quay is at 1.85 - 1.90m ODN and so falls to
provide the required 1:200 year standard. [t should be noted that even a
modest degree of wave activity on fop of these extreme water levals will lsad
to overtopping.

4.3 Coastal Management Units

4.3.1  Format of Management Unit descriptions

The description of coastal characteristics for each Management Unit draws
upon on the findings of numerical modelling, desk studies previous work by
PBC, and a comprehensive literature review. The entire frontage was
inspected by staff from HR Wallingford on foot and by boat from 23 to 25
February 1994. During this visit the Management Units were defined and
principal coastal characteristics noted, upon which the following descriptions
are based. HR Wallingford is grateful to PBC for providing a boat and other
assistance during the site visit.

Each description begins with a statement of the Ordnance Survey grid
references at the ends of the Management Unit, and the length of shoreline
measured at Mean High Water Level.

PBC have already sub-divided the coastline as the basis of a Shoreline
Management Plan s¢ the Management Units defined here are cross-
referenced with the corresponding PBC drawing numbers and reference codes.
For the sake of consistency the sub-sections within each Management Unit
generally correspond to the PBC divisions of each sub-section and are
summarised In a spreadsheet table (Tables 4.4 to 4.17) for each Management
Unit.

An introductory description of each Management Unit explains the reasons for
the Unit definition and extent. Important characteristics are briefly noted and,
where significant, interaction with adjacent Units is described.

Hydraulic conditions within the Unit are then described in detail with reference
to the degree of exposure, the wave conditions, the nearshore bathymetry and
tidal current conditions.

The geological sediments outcropping within the unit are noted, followed by a
detailed description of beach type (material, width, slope) and condition
{eroding / accreting / stable). The beach level at the toe of the seawall is in
some areas, quite volatile. The level quoted in the summary table is,
therefore, only indicative and, for the sake of consistency, has been taken as
the level given in the MAFF Coast Protection Survey (1993). Survey work for
the MAFF (1993) study was carried out during August to September 1993.
Where applicable, estimates of potential longshore sand transport obtained
from the HR Wallingford model DRCALC are summarised. The effect of
coastal structures on the heach is also noted.
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The type and condition of the coastal structures within the Management Unit
is then described. An assessment of the standard of protection against coastal
erosion or flood damage is made. Where a structure is strongly dependent on
the condition of the foreshore this is noted.

Land use immediately adjacent to and further behind the shoreline is described
to give an indication of the type of property which is being protected. The
vulnerability of the land to erosion or flooding is noted. Historic erosion rates
or records of previous flood damage are evidence of vulnerability and are
included where appropriate and where available.

The environmental sensitivity of the frontage has been described with
reference to its value as an amenity, its visual attractiveness and its
importance as an ecological habitat. Poole Harbour is naticnally and
internationally significant for nature conservation. In recognition of this Poole
Harbour marshes, mudflats and islands are a biological SSS! and a Nature
Conservation Review site which has important implications for future coastal
management. Specific areas of importance are examined within the individual
Unit descriptions.

Finally the consequences of carrying out no further works on the Management
Unit are examined. This is based upon an assessment of the hydraulic
conditions, present trends in beach erosion or accretion and the condition of
the existing coast protection. A prediction is made of the effect of a “do
nothing” approach on the goastal area during the next ten years. Over this
period the consequences of sea level rise at present rates is unlikely to be
noticeable. This appraisal of the consequences of not intervening in the
medium term future is the first step in assessing the need for and type of
management needed.
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4.3.2  Management Unit 1 Poole Bay

Grid References SZ 0709 8999 to SZ 0372 8704
Length of frontage 4.55km

Drawing 1 PBC Map reference D065/01 and D065/02
Summary Table 4.4 Not included In PBC unit references.
Plates 4.1 to 4.4

Description

The Poole Bay frontage is a continuous littoral regime. Since there is active
sediment exchange between adjacent sections along the whole frontage, it
should be considered as a single management unit. Intervention in the updrift
sediment supply at one end of the Unit can and has affected beaches at the
other end of the Unit, By the same reasoning it is contrary to the principles of
good coastal management to separate the coast on the basis of administrative
boundaries. On the other hand the purpose of this study is to develop
management strategies for the frontage for which PBC has responsibility so
it has not been extended beyond the PBC boundatries. It must be stressed
however, that to manage this Unit an understanding of the coast processes
throughout Poole Bay {as discussed in Chapter 3) and cooperation with
neighbouring Bournemouth Borough Council is essential.

At the south-western end of the unit, the coastal characteristics change
significantly. The beach narrows and eventually disappears, the end of the
Sandbanks Peninsula being in deep water. The hydraulic conditions become
dominated by the strong currents in the mouth of the Harbour. Thus a new
Unit has been defined on the end of Sandbanks, the Haven Hotel being at the
boundary.

Hydraulic conditions

Numerical modelling of wave conditions is discussed in Chapter 3. The
inshore wave climates at points B to E along Unit 1 are shown in Figures 2.41
to 2.44. These wave climates reflect the increasing exposure to the south-
west as one moves along the frontage towards the east. Nonetheless, waves
from the south-west are diffracted around the Isle of Purbeck and drive an
eastward drift along the beach. East of Poole Head the refraction modelling
of waves is an accurate representation of the hydraulic conditions. However,
as one moves towards Poole Harbour entrance the bathymetry becomes
increasingly complex. In particular wave breaking and shoaling over the Hook
. Sand (which is mobile, changing from year to year and indeed from season to
season) make computation of an accurate inshore wave climate more
challenging. Furthermore, currents in the Harbour entrance interact with
waves to change their height and direction. The steepening of waves in the
Harbour entrance on an ebb tide is well observed.

Seabed morphology and tidal flow conditions in Poole Bay have been
discussed in Chapter 2. The tidal flow modelling has demonstrated the
principal tidal characteristics at Management Unit 1:

()] Tidal currents are concentrated in the Harbour entrance and Swash

Channel, but tend to fan out from the narrowest point in the Harbour
Entrance.
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(i) Beyond the immediate vicinity of the Harbour entrance and East
Looe Channel, nearshore tidal currents are small.

(il There is a divide in nearshore tidal direction near Poole Head. East
of Poole Head the currents follow the general fiow within the English
Channel of a flood towards the east and ebb towards the west.
However, the effect of north/south tidal exchange with Poole
Harbour is to generate nearshore flocd tidal flows towards the west
and ebb fidal flows towards the east between Poole Head and the
Harbour entrance.

The important bathymetric features adjacent to this Unit are East Looe
Channel, Hook Sand and Swash Channel. Analysis of historic charis {HR,
EX3083, 1994) indicates that the East Looe Channel has generally deepened
over the past 100 years. Comparison of recent surveys also suggests that the
eastern end of the East Looe Ghanne! has shifted towards the shore. Being
actively worked on by breaking waves, the crest of Hook Sand tends to
migrate but continues to be an important bathymetric feature. The deepest
section of the Swash Channel (about - 18m ODN) is only 2560m from the shore
at the Haven Hotel. The scoured channe! bed is gravel, cobbles and larger
rocks: sand which is transported Into the channel here is carried in
suspension either into the Harbour or seawards towards the Bar and across
Hook Sand.

Coastal geology

The Poole Bay frontage is of considerable geological interest displaying high
exposures of Branksome Sand topped with beds of fluvio-glacial gravels.
Erosion of these bads, which has continued until recently has, as discussed
in Chapter 3, contributed large quantities of sediment to the litioral zone.

The cliffs of Branksome Sand extend along almost all of the PBC frontage as
far as Poole Head. Only at the chines are the cliffs discontinuous, the
sediments in the boltoms of the chines tending to be more recent aliuvium,
rather than the Tertiary Sands. At Poole Head the sands give way to a
restricted outcrop of Parkstone Clay.

Beyond Poole Head, the surface deposits on Sandbanks are of windblown and
drifted sand.

Foreshore

The unit s fronted by a sloping sand beach. The Bournemouth Borough
Coungcil groyne field terminates with four long groynes, more closely spaced
than on the frontage further east. Moving west onto the PBC frontage the
beach level falls noticeably. The eastern 2.4km of PBC frontage has 30 to
35m long groynes spaced at about 120m, Moving westward through this
groyne field the beach level rises so that at the western end of the groyne field
the groynes are more or less full.

The groyne field on the PBC frontage has been surveyed at bi-monthly
intervals by PBC since 1991, Although the data set is not sufficiently long to
enable long term trends in beach behaviour to be identified it does give a clear
indication of the volatility of the beach. During the period for which records
exist the average beach level has varied by up to 0.5m within the space of two
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months. Given this volatility, the beach level quoted on the summary table is
only indicative. In the absence of a long record of beach cross-sections, long
term trends in erosion or accretion can best be inferred from the behaviour of
the high or low water mark, Analysis of historic maps indicates a general
recession of the beach east of Poole Head whereas towards the west the
trend has been for accretion {see Figures 3.7 to 3.10),

West of Poole Head the open beach is wide with a sloping backshore of
windbiown sand. On the lower beach the remains of old rock groynes have
become exposed during the last year and beach monitoring confirms this
recent erosion trend. In view of the lowering beaches (towards the west) this
erosion can be explained by a reduction in supply.

Continuing fowards the west the beach reduces in width and dunes on the
backshore in sub-section 13 are showing signs of erosion, Further west in
sub-section 14 the dunes have been claimed as private gardens by
constructing steel sheet pile retaining walls. The beach in this area is volatile
and its average level has fallen by more than 1m in recent years.

The beach was nourished with sand In 1992 but rapidly retreated to its
previous alignment and has continued to reireat since. For example the
Om ODN contour on a cross-section in sub-section 15 monitored by PBC has
refreated by approximately 12m since 1982. The beach has coniinued to fall
during the course of 1994 when it would normally be expected to recover
during summer months.

The beach in this area is generally steepening and contains an increasing
amount of shell and shingle. it is believed that deepening of the East Looe is
preventing onshore transport of sand from the Hook Sand. Increased tidal
flows in the flood-dominated East Looe will carry sand into the Swash Channel
where it is effectively lost from the beach system.

The rock groyne between sub-sections 13 and 14 has built up narrow sand
and shingle beaches at its root but has not trapped a beach as wide as the
one which historic photographs show was retained by the former groynes at
this point on the frontage. Where reclamation for the Haven Hotel squeezes
still further onto the foreshore from the original dune line, the beach becomes
submerged at all tidal states.

As explained in Chapter 4, sediment transport models give a reasonable
indication of longshore drift rates along most of the frontage but fail to
represent the complexity of combined wave/current action near the end of
Sandbanks peninsula. Potential drift rates on this frontage vary between
121000m°*/year and 415000m%year as shown in Table 3.2. By the principle
of continuity there must be a circulation of material to "feed" this potential drift.

Struciures

With the exception of a short stretch of dunes on the Sandbanks frontage, the
whole of Management Unlt 1 Is protected with seawalls which have been built
from about 1890 onwards.

From the PBC boundary to Poole Head a variety of stepped or near-vertical

concrete walls are in fair to good condition. Although the sand beach is low
(more so towards the east) these seawalls -are not yet in danger of
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undermining. However, their prolonged life does depend on an adequate
depth of sand at the toe. The foreshore level also has a direct influence on
the wave condltions at the wall and hence it susceptibility to overtopping and
scour. Where the beach is at 2.4m ODN the overtopping is negligible whilst
where it is at 1.1m ODN overtopping during a 1:10 year storm is calculated to
be 16 to 21l/s/m (depending on the seawall slope), The walls are backed by
a continuous length of promenade which in places is in a rather poor condition
and shows signs of subsidence. Along much of the frontage there are beach
huts in front of the cliffs, A toe wall has been constructed along the foot of
much of the cliif face to resist eroslon and prevent eroded sand from being
washed onic the promenade.

East of Poole Head the beach is groyned with timber structures 30 to 35m
long, spaced at about 120 m. Though generally in fair condition, some of
these structures are in poor condition, timbers being decayed and metal fixings
corroded.

Waest of Poole Head there is a serles of sloping, or vertical seawalls, some
built to protect private properties, the remainder along the edge of the
Sandbanks promenade. Because of the width of the beach at sub-sections 10,
11 and 12, some rather poor walls still provide an adequate leve! of protection.
Moving west a short section of dunes (sub-section 13} is now showing signs
of erosion.

Beyond sub-section 13 the dunes have been claimed by construction of a
variety of vertical seawalis. Although structurally in a fair condition the stability
of these structures depends on the forashore level, which is falling. In order
to safeguard sub-section 14 PBC placed emergency rock armour along the toe
of the steel sheet pile wall in February 1984. By August 1994 this rock armour
protection had settled by more than 0.5m. Rock armour has been used 1o
protect the walls further west and the walls of the Haven Hotel are protected
by a low-level rock revetment,

Land use and vulnerability

L and use along the Unit falls into two areas, east and west of Poole Head. To
the east, the narrow area at the toe of the cliffs is occupied by beach huts,
cafes and other amenities. These non-residential properties are at risk from
both occasional overtopping damage and potentially from shoreline erosion.
However, experience of similar coastal sites proves that capital works cannot
be justified in economic terms solely on the basis of protecting such properties.
The possibility of shoreline erosion initiating rapid cliff top retreat represents
a greater financial risk. The cliff tops are occupied by valuable private
residences. In places access roads lie close to the cliff edge.

To the west of Poole Head the sand dunes forming Sandbanks Peninsula are
now occupied by private houses, apartments, hotels, beach huts, cafes and
other amenities. These propetiies are potentlally vulnerable to damage by
wave overtopping and erosion. Actual flood damage on this gently landward-
rising land is not a risk. Where the beach is wide, vulnerability to overtopping
and erosion is slight, but moving westwards where the beach is narrower and
private properties have claimed the backshore, overtopping is more frequent
and seawalls are vulnerable to erosion.
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Environmental sensitivity

The Poole Bay frontage is an important recreational amenity, its promenade
and sandy beach being very popular with visitors and local residents.
Preservation of this amenity will be an important consideration in planning
management of the Unit. Towards the western end of Sandbanks, where the
beach narrows, it is somewhat less popular. The large rock groyne is a barrier
across the beach. Because of its mobile sand beach and concrete seawalls
the Poole Bay shore is not of significant ecological interest. The dune
backshore on the Sandbanks Peninsula has mostly been claimed by seafront
property owners. Remnants of sand dunes are habitat to sand lizards, Where
not claimed within seawalls this natural backshore tends to be eroding. The
cliffs east of Poole Head are of considerable importance: where ongoing
erosion reveals fresh exposures these are of geological interest, and where
vegetated the cliffs support important flora and fauna. In recognition of their
importance Canford Cliffs at the PBC/BBC boundary have been notified as
geological 88SI's. Management of these geologically and ecologically
important cliffs is discussed in Appendix 6.

Consequences of “do nothing"

Because of the dependence of the existing defences on beach conditions, the
consequences of no further maintenance or capital works on the frontage
depend on continuation in trends in shoreline change. The general trend is for
beach lowering east of Flag Head Chine (sub-sections 1 to 7). West of Flag
Head Chine {sub-sections 8 to 10) the observed trend is one of equitibrium or
accretion., Further west (sub-sections 11 to 16) erosion becomes increasingly
acute. If these trends are allowed to continue, then the seawalls in sub-
sections 1 to 7 and 11 to 16 will be subject to increasingly severe hydraulic
conditions as a consequence of beach lowering. At sections 8 to 10 beaches
will continue to be healthy provided onshore transport of material from Hook
Sand is not interrupted.

Although the concrete walls i subsections 1 to 8 are not in a bad condition it
is not inconceivable that within ten years in an aggressive hydraulic
environment, undermining could initiate collapse. Seawall collapse and
subsequent rapid erosion will, in the course of time, induce cliff faiture and cliff-
top retreat. Before collapse, the walls will suffer from increasingly frequent
overtopping, damaging beach huts and other properties.

The consequence of a "do-nothing" on sub-sections 9 to 12, which are
protected by a wide beach, are not as immediate but are potentially more
serious. The Sandbanks peninsula is at its narrowest here, so shoreline
erosion threatens to breach this narrow section of land, cutting off Sandbanks
from the mainland. Untll construction of groynes in the 1890's there was a real
threat that this would occur (Vernon-Harcourt, 1903). The seawalls on this
section of frontage are generally in a worse condition than elsewhere, so
shoreline erosion could initiate a breach in the sea wall, Given existing trends
in shoreline change it seems unlikely that seawalls will breach in this area
within the next ten years, but the risk of them doing so will continue to be a
major concern in the longer term.
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It is in sub-sections 14 and 15 that the conseguences of a "do nothing" policy
will be most immediate. Here the beach is continuing to fall exposing
vulnerable sheet pile walls to increasingly aggressive hydraulic conditions.
Emergency rock armour protection has helped to stabilize the walls but is by
no means a permanent solution. [f no further works are carried out increasing
damage by wave overtopping can be expected to occur. Even more seriously,
if beach levels continue to fall the sheet pile walls will fail initiating loss of
property by coastal erosion. The risk of failure of these seawalls cannot be
computed without knowledge of the depth of penetration of the sheet piles.
However, if, as reported, the piles are only 4m long they are already highly
unstable.
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4.3.3 Management Unit 2 Haven Hotel to North Haven
Point

Grid References SZ 0372 8704 to SZ 0352 8278
Length of frontage 0.31km.

Drawing 1 PBC map reference number D065/01
Summary Table 4.5 PBC unit reference numbers 1 to 11
Plate 4.5

Description

Flanking the Poole Harbour entrance the shore of Management Unit 2 is
submerged in most tidal states only being exposed during low spring tides. It
is subject to not only strong tidal conditions but alse waves from both within
and outside the Harbour.

East of the Haven, deep waler gives way to the sandy beaches which
charactetise Management Unit 1. The northern limit of this Unit is at North
Haven Point where conditions change from deep water 1o a narrow sandy
beach.

Hydrautic Conditions

Tidal exchange with Poole Harbour means that currents of up to 2m/s flow
within 100m of the shore of this unit. Scouring by these currents means that
the channel is up to 16m deep, only 200m offshore. The channel decroases
in depth moving into the Harbour,

Swash Channel (now dredged at the Bar) can propagate high waves from the
southeast into the deep waters of the Harbour entrance. Interaction with ebb
tides will steepen waves in the Harbour enfrance. These waves do, howaver,
run parallel to the shoreline of this Unit. In terms of wave action at the shore,
locally generated waves from the south-west (the dominant wind direction) are
also an influence.

A sandy shoal, known as Chapman'’s Peak, is located offshore of sub-section
4, Dredging was carried out by PHC in 1992 to remove the shoal in order to
improve navigability of the Harbour entrance. Predictions (HR, EX 23586, 1991)
had indicated that removal of the top of the shoal would not have adverse
offects on the adjoining shoreline but that it was likely that material would
return within a year. In the event, the shoal had substantially reformed only
three months after dredging (Appleton, 1994).

Coastal geology

The Sandbanks Peninsula is formed from recent sandy sediment which have
been deposited by marine and wind action.

Foreshore
The sandy shore of the Unit is submerged during most tidal states and is only
exposed at low water during spring tides. The sand is highly mobile. Exposed

seawall foundations indicate that the foreshore has lowered by as much as
1.5m. Anecdotal evidence suggests a healthy beach in once extended along
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this whole unit and that the beach levels have dropped by more than 0.5m in
the last decade or so. Photographs taken during the 1920s show a narrow
beach at sub-section 3 which is now eroded.

Comparison of historic surveys confirms this trend in shoreline erosion. At the
southern end of sub-section 2/4 the High Water Mark retreated by 14m
between 1888 and 1993. The retreat has been progressively less towards the
north. At the boundary between Units 2 and 3 there was in fact a 28m
advance bstween 1888 and 1933 though this was followed by a retreat of 13m
between 1933 and 1993.

Construction of seawalls has insolated the sandy backshore and dune system
in private gardens. Now that the foreshore has eroded the seawalls "squeeze”
the coast and erosion of the dune system to supply the beach is prevented.
The various jetties along the frontage have negligible effect on the shore.

Structures

The frontage is protected by a variety of privately constructed vertical walls.
Lowering of the foreshore has exposed the foundations to these structures
leaving them susceptible to washout of material. Some residents have
observed subsidence behind the walls due to undermining. Remedial
underpinning or protection with sheet piles has been carried out on some
frontages. Privately maintained, the walls are in a state of repair varying from
bad to fair.

Under such active tidal and current conditions the walls are subject to
significant hydraulic loads. The stability of these vertical walls is dependent
on the level of the foreshore which, under volatile sediment transport
conditions can vary. A combination of high foreshore dependency with some
inadequate seawalls threatens the integrity of this section of defence.

Land use and vulnerability

The shoreline in this Unit is lined with private properties the gardens of which
slope down towards the seawalls.

Thus, whilst not at risk from flooding, without the protection of the seawalls, the
private gardens would tend to erode, to attain a more natural configuration of
a somewhat refreated shoreline.

Environmenia] sensitivity

Public access to the frontage is possible only at the chain ferry which attracts
a large number of visitors. The appearance of the shore to onlookers from this
point is therefore a consideration. Fishing is a recreational activity here. The
remainder of the frontage is privately owned. Private jetties are used for
mooring pleasure craft.

The (submerged} mobile sand bed and vertical seawalls are not of significant
ecological importance.
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Consequences of *do-nothing®

Without major maintenance work or replacement, local collapse of some of the
seawalls facing this active hydraulic environment is likely within the space of
ten years. The expected life of a few sections of wall Is less than five years.
Collapse will be followed by shoreline readjustment to revert towards the
natural beach now claimed by private properties. Study of historic plans by
Robinson (1953) (see Figure 3.30) indicates that Sandbanks Peninsula is
reasonably stable in the long term. However, if unprotected, this Unit would
to be susceptible to occasional, quite major, shoreline changes associated with
occasional storm events.
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4.3.4  Management Unit 3 North Haven Point to Whitley
Lake

Grid References SZ 0352 8728 to SZ 0429 8768
Length of frontage 1.00km,

Drawing 1 PBC map reference number DOB5/01
Summary Table 4.6 PBC unit reference numbers 12 to 25
Plate 4.6

Description

Extending between North Haven Point and Whitley Lake, Management Unit 3,
like Unit 2, is tide dominated, but has been separated from Unit 2 because its
beach is more exposed at low tide and its otientation is towards the north west
rather than the south west.

The beaches of Unit 3 continue uninterrupted into Unit 4. However the course
of the Middle Channel means that Unit 4 is not as dominated by currents as
Unit 3. Furthermore, land use differs between the two Units.

Hydraulic conditions

Hydraulic conditions offshore are dominated by strong tidal flows through
Brownsea Road. The channel is naturally scoured to as deep as - 12m ODN
so has not needed to be part of capital or maintenance dredging programmes.
Closer inshore tidal currents and bed scour are less marked.

Orientated between about 320° and 355°, the frontage is sheltered from the
principal south-westerly wave direction. However, north westerly winds can
blow over a deep-water fetch about 3km long. The wave climate computed at
point | (see Figures 2.57) is closest to the site. The maximum 1:10 year
significant wave height is 0.7m.

Coastal geology

The frontage forms part of the Sandbanks Peninsula, based on recent sand
deposits which, above high water level, are wind-blown.

Foreshore

The Unit comprises flat sandy foreshores. The sloping sandy backshore
which, in the past, would have surrounded to Sandbanks Peninsuila, has now
been claimed as the gardens of private propetties, as part of the coastal
squeeze from which this and other frontages suffer. Some narrow sloping
sand backshores with shingle patches do remain. East of the Royal Motor
Yacht Club the shore tends to be sandy mud and is scattered with boulder
debris. Transects of the main tidal channels (Dyrynda, 1987) indicate that
sediments become coarser towards the centre of the channels, though this
trend was not observed closer Inshore durlng watkover inspection of the
beach.

Since the first edition of the Ordnance Survey in 1888 the location of the High
Water Mark has both advanced and retreated at varying rates along the Unit
frontage.
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The steel sheet pile jetties of the Royal Motor Yacht Club constitute a barrier
to littoral transport and sand and shingle has built up at the Jetty roots but is
not of morphological significance as there are no significant downdrift impacts.
The several wooden jetties on the frontage have no impact on the beach. At
North Haven Point a few short groynes stretch across the sloping sand and
shingle beach. A narrow beach has buiit up, suggesting a net south-eastetly
drift along the frontage.

Structures

The frontage is protected by a variety of privately constructed sea walls in fair
to good condition. A typical sea wall cross-section (see Figure 4.4) has been
analysed and found to provide good protection against overtopping. Although

old the occasional groynes are aiso In fair condition.

Land use and vulnerability

The shore in Unit 3 is backed by private houses and marinas. Gardens of the
properties, built on former sand dunes, slope down to the shore. Thus the
properties are not threatened with flooding and the sea walls protect the
backshore from erosion. The exception is the boat house at the southern end
of sub-section 1 which has been converted into a private residence. This
property Is situated at the high water mark and has suffered overtopping
damage and flooding during storms.

Evidence of shoreline change is inconclusive. Plans presented by Robinson
(1946) suggest that the Sandbanks Peninsula has not significantly changed
over the period studied. However, a sand spit is a volatile environment and,
like all dune systems, can be rapidly eroded in severe storm conditions. For
this reason, the seawalls of necessity protect the propetties from the possibitity
of erosion.

Environmental sensiftivity

Public access to the shoreline is restricted and the beaches are not generally
used by promenaders or bathers, The water front is very popular with
pleasure craft users and there are many moorings and jetties.

Because of the firmer and somewhat muddy substrate the shore east of the
Royal Motor Yacht Club is of greater ecological significance than further west
where the more mobile sandy bed cannot support burrowing species.

Conseguences of "do nothing”

Although some of the sea walls are ageing, most are in a fair condition and it
seems unlikely that collapse would be initiated in the space of ten years. If,
however, collapse did occur, shoreline readjustment is to be expected though
not as rapidly as in the more active hydraulic environment of Unit 2.

The converted boat house at the southern end of Unit 3 will continue to suffer
flood damage.
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4.3.5  Management Unit 4 Whitley Lake

Grid References SZ (04298768 to SZ 0431 8906
Length of frontage 1.87km

Drawing 1 PBC map reference number DO65/02
Summary Table 4.7 PBC unit reference numbers 26 to 30.
Plate 4.7

Description

The shoreline flanked by Shore Road and Banks Road forms a wide flat, west-
facing embayment.

The channels of Brownsea Road which dominate Unit 3 are further offshore
from Unit 4. Further notth, beyond the modest barrier of East Dorset Yacht
Club jetty, the land slopes gently upwards directly from the shore.

Interaction with shores on adjacent Management Units is active but hydraulic,
foreshore and land use characteristics justify Unit 4 being a separate unit.

Hydrauilic conditions

The open bay which forms the inside of Sandbanks Peninsula is exposed to
a narrow but relatively long fetch of 9,5km to the west-norih-west, Waves from
the south-west passing through Brownsea Road alsc approach the Unit.
Whilst the fetch o the south-west is limited in length by Brownsea island the
wave climate at points H and | {see Figures 2.56 and 2.57) is still dominated
by south-westerly waves corresponding to the direction of most frequent wind.

The nearshote bathymetry is flat, as far as the North Channel which is over
500m offshore. Before dredging of the Middle Channel in 1886, the North
Channel was observed to have been shifting in a notth-easterly direction, i.e.
towards the shoreline (Green, 1940, PHC, 1984). Since dredging of the
Middle Channel, the bed and sides of the North Channel have been accreting
suggesting that is migration has been halted. In any case the Unit is in quiet
current conditions, flows being concentrated in the Middle Channel well
offshore.

Coastal Geology

The Luscombe Valley at the noith end of the Unit is bedded with alluvium,
whereas the ground which leads from the shore towards Poole Head is
Branksome Sand. More than half of the Unit, which runs along Banks Road;
is formed from the wind-blown sand formations of Sandbanks Peninsula.

Foreshore

The foreshore is a wide, flat expanse of sands and muddy silts with occaslional
gravel. Saltmarsh vegetation persists in the centre of the bay. On the sandy
backshore at the centre of the bay there is small area of upper saitmarsh and
dune vegetation. The area of saltmarsh is a remnant of more extensive
marsh. In recent years the sediments have become increasingly sandy. Aerial
photographs taken in 1924 show a network of meandering intertidal creeks
typical of fine mud sediments (Gray, 1985} and these are also apparent on the
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1889 and 1901 Ordnance Surveys. Thus the character of the bay has
changed during the course of this century but that does not necessarily
indicate that there is a natural tendency towards shoreline erosion, Indeed the
general trend has been for advance in the location of the High Water Mark
between 1888 and the latest surveys, Concentration of currents in the Middle
Channel, reducing flows in the North Channel, means that sediment transport
by tidal flows in Whitley Lake is now reducing.

Structures

A steep-sided concrete seawall has besn constructed on the backshore along
the edge of Shore Road and Banks Road. The older section of wall was built
in the 1950’s and is probably founded on sandy deposits. The concrete walis
in sub-section 5 have been rehabilitated in 1994, In sub-section 2 the walls
are in need of repair with vertical gaps in places, whilst in sub-section 3 the
walls are low.

Qvertopping of the walls in this Unit during occasional storms has closed the
adjacent road. Overtopping calculations corroborate this evidence indicating
that during a 1:10 year storm the overtopping discharge at sub-section 4/5 will
be 2.0l/m/s. The worst overtopping is experienced in sub-sections 3 (where
the wall is low) and 5 (which faces the dominant wave direction). South of
sub-section 3 the road rises above the low walls which are sheltered from high
waves, and overtopping has not in the past been a problem.

Land use and vuinerability

Shore Road and Sandbanks Road connect the Sandbanks Peninsula with the
rest of the Borough. This important road is liable to being closed by
overtopping during storms. The houses and commercial properties behind the
road are set well back and are not susceptible to flooding.

The Luscombe valley is low-lying, much of it below 1.5m ODN. It is therefore
susceptible to flooding and is threatened by overtopping at sub-section 5. The
Luscombe valley is not developed though a few properties on its edge are at
risk from exireme surge water levels.

Environmental sensitivity

The wide sandy bay is a focus for water-based recreation. The intertidal area
is used for mooring pleasure craft and the bay is popular for wind surfing.
Although the area of saltmarsh is relatively small it contains most of the
common intertidal plants found in the Harbour, Similarly the numbers of
intertidal birds are relatively small but most of the commoner species occur
(Gray, 1985). At the same time, easy public access from the road which
fringes Whitley Lake and broad views across the Harbour entrance and
beyond attract large numbers of people throughout the year. Consequently
this section of the shoreline is one where people and wildlife interact to an
unusually large degree.
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Consequences of "do nothing®

The seawalls are in reasonable condition having been well maintained. An
end to maintenance work can however, be expected to be followed by fairly
rapid decay of these old structures.

A more immediate threat is from overtopping flooding Shore Road and cutting

off access to Sandbanks. Sea leve! rise will mean that these occasional flood
events become more frequent.
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4.3.6  Management Unit 5 East Dorset Sailing Club to
Salterns Marina

Grid References SZ (0431 8906 io SZ 0378 8970
Length of frontage 0.83km

Drawing 2 PBC map reference number D065/02
Summary Table 4.8 PBC unit reference numbers 30 to 40
Plate 4.8

Description

Management Unit 5 is bound by the substantial structure of Salterns Marina
in the north. At the southern boundary the sloping cliffs which form the coast
within the Unit give way to the low-lying land of the Luscombe Valley. Land
use and seawall type also change so that whilst within the Unit the shore is
backed by variety of walls and sloping gardens or common ground, in Unit 4
Shore Road is immediately behind the concrete seawall.

The Unit's southern boundary is at the jetty of the East Dorset Sailing Club
which forms a modest barrier to sediment transport on the upper shore.

Hydraulic conditions

Brownsea Island (2km to the south-west) affords shelter from waves from
between 206° and 252°. Through Brownsea Road the Unit is exposed to a
fetch of 5.2km in a south westerly direction. To the west fetches increase from
6.5km to a maximum of 11,5km down the Wareham Channel. Salterns Marina
affords some shelter from westerly waves to the northern end of the unit. A
wave climate has been calculated at point G (see Figure 2.55) close to the
centre of the unit. Analysis of extremes indicates a 1:10 year significant wave
height of 0.78m.

The centre-fine of the North Channel is 420m from the shore but passes close
to the end of the jelties of Salterns Marina. The North Channel is ebb
dominated with spring tidai currents of more than 0.5m/s. However, closer to
the shore velocities are much lower reaching a maximum of only 0.1m/s 100m
offshore of the MHWS tide mark. Tidal modelling indicates locally increased
velacities between the jetly of Salterns Marina and the north end of the Unit.

Before dredging of the Middle Channel in 1986 the North Channel was
observed to have been shifting in a north-easterly direction ie towards the
shore (Green, 1940, PHC, 1984). Since dredging of the Middle Channel the
bed and sides to the North Channel have been accreting suggesting that its
migration has been halted. Dredging of the Middle Channel has not had a
noticeable effect on the shallows or shore.
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Coastal Geology

The sloping shores of the Unit are predominantly composed of Branksome
Sand the steeper sections of biuff having been eroded by wave activity,
possibly before the Sandbanks Peninsula provided shelter from waves
generated in Poole Bay. Patkstone Clay, which is the upper bed in the Poole
Formation, outcrops on the shore towards both ends of the Unit. At the
northern end of the Unit, immediately south of Salterns Marina, deposits of
Head outcrop.

Foreshore

The foreshore is mainly muddy sands. At the southern end of the Unit there
is a narrow sand and gravel upper beach and towards the north patches of
gelatinous mud appear in the foreshore. Occasional remnants of eroded
saltmarsh are also noticeable towards the north of the Unit. The beach,
particularly towards the south, is strewn with rock remnants of walls and
gablons.

Apart from the narrow sloping sand beaches at the limits of the Unit the
foreshore is quite flat, widening towards the north of the Unit where the Low
Water Mark is about 200m offshore.

Calculations of longshore drift indicate a neft potential drift of about
4000m°/year towards the north. A northerly drift is confirmed by the observed
widening of the upper beach next to Salterns Marina.

The existing foreshore is currently stable though remnants of eroded saltmarsh
indicate previous eroslon associated with salimarsh dieback. The low bluffs
which form the coast suggest a tendency for erosion in the past and old
photographs indicate that erosion of this cliff face was still taking place during
the 1950s, Gaps beneath the outfall pipe near the centre of the Unit indicate
that the beach has lowered since construction of this structure, during the
1890s. The backshore is fixed by gabion revetments over the southern 320m
and private seawalls over the northern 500m.

Sand has accreted around the concrete root of the jetty at the East Dorset
Sailing Club. The wooden piled end of this jetty and several other jetties have
no impact on the beach., Neither does the sewerage outfall pipe. The
northern end of the Unit is formed by the steel sheet pile wall of Salterns
Marina. This affords increasing shelter from westsetly waves towards the
northern end of the Unit. Immediately to its south is a sand upper beach
above the muddly shore which is backed by grass banks. The vertical sides
of the marina do, however, reflect focally generated waves from the south or
south west onto the shore.

Structures

The concrete seawall at the East Dorset Sailing Club, which is a continuation
of the wall in Unit 4, gives way after 80m to a promenade protected by gabion
baskets on its seaward side. These gabion baskets are close o the end of
their useful life and are below the 1:10 year water level. The promenade is
regularly overtopped which is not only dangerous to pedestrians but damaging
to the structure and the cliff behind.
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A variety of privately constructed seawalls protect the properties along the
northern 500m of the unit. These walls are generally in a moderate condition
though the condition of some is poor. For 80m near the centre of the unit an
iron sewerage pipe protects the toe of the private seawalls.

Land use and vuinerability

Land slopes uphill from the shore eliminating flooding risk. Over the southern
320m of frontage the promenads is backed by vegetated slopes which lead up
to Evening Hill. Over the northern 500m the sloping gardens of private
properties back directly onto the shore.

The High Water Mark along most of the frontage retreated between 1900 and
1955 after which there has been no change. The average retreat was 11m in
55 years. This is considerably less than the cliff top erosion rate recorded by
May (1969) of 42.7m between 1886 and 1952 at Lilliput, though May does not
specify which section of the Lilliput frontage (which is included in this Unit) this
rate applies to. A land slip, which is reported by PBC to have occurred during
the 1950s, may account for the cliff-top retreat recorded by May (1969} whilst
not appearing on the Ordnance Survey plans. Photographs taken in 1952
show the cliff obviously eroding or regraded where private properties have
been constructed on the cliff-top, whilst the toe, at least on the central section
of frontage, is fixed by the shore-parallel sewer pipe {still in-situ today).

Therefore, whilst now stabilised by seawalls, the potential for modest erosion
exists. The risk of erosion and slip failure of the cliff is greatest in sub-section
2 where the cliff Is protected by gabion baskets which are in a bad condition.
Cliif failure on this frontage will jeopardise the road on the cliff top which is an
important thoroughfare.

Envircnmental sensitivity

Public access to the Unit is along the promenade in the south. The
promenade and Evening Hill affords good views across the Harbour jowards
Brownsea [sland. Further north there is no direct public access apart from
along the shore at low water. Pleasure craft use the various private jetties
along the frontage. The beaches are extensively dug for bait.

The muddy parts of the shore particularly towards the centre of the Unit attract
wading birds feeding on the intertidal foreshore.

Consequences of "de nothing"

If capital works are not carried out failure of the gabion promenade in sub-
section 2 can be expected within the next two or three years. The promenade
will become Increasingly unsuitable for public access. The rock debris which
will be deposited on the shore from the collapsed gabions will afford some
protection to the cliff toe. It is unlikely that major cliff erosion will be initiated
within ten years. However, the risk of cliff failure encroaching upon Evening
Hill will be increasingly threatening.

Though some are in bad or poor condition it is not likely that any of the private
seawalls will collapse within the next ten years. They will continue to suffer
overtopping but at a tolerable rate. Sea level rise over a ten year period will
not have a noticeable impact on the frequency of overtopping.
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4.3.7 Management Unit 6 Salterns Marina fo Parkstone
Yacht Club

Grid References SZ 0378 8970 to SZ 0298 9042
Length of frontage 1.49km

Drawing 2 PBC map reference number D065/03
Summary Table 4.9 PBC unit reference numbers 1 1o 9a
Plate 4.9

Description

The coast between the littoral barriers formed by Salterns Marina in the east
and Parkstone Yacht Club in the west is relatively straight and orientated
towards the south-west at an average angle of 220°N. The sloping hinterland
is occupied by private propsriies.

A narrow inlet allows tidal exchange with Blue Lagoon and during high water
levels the various structures on the bar across the lagoon are submerged.
However, apart from a narrow tidal channel, the coastal regime along the
frontage is largely unaiffected by the presence of Blue Lagoon. Historic plans
indicate that the once-marshy lagoon was drained during the 19th century but
was flooded again in the early part of this century.

The jetties of Salterns Marina and Parkstone Yacht Glub constitute substantial
barrlers to longshore transport past the ends of the unit. Exchange with
adjacent units is minimal.

Hydraulic conditions

The frontage is exposed to fetches of up to 6km in a south-westerly direction
50 significant wave heights during a 1:10 year storm can reach 0.78 m. The
flat sea bed near the shore does limit the height of waves at the shore.

The North Channel is closest to the shote at Saiterns Marina whete its centre
line is 600m offshore. The jetties of Salterns Matrina prevent tidal flows from
reaching close to the shore at the eastern end of the unit though they do
generate some eddy effects in the main tidal flow past their end. The current
flow conditions at Unit 6 are further influenced by the small tidal exchange with
Blue Lagoon which is through a narrow current-scoured channel. The wide
mouth of Parkstone Bay is of less influence.

Coastal gaology

The frontage is formed by low bluffs of Parkstone Clay. These slope steeply
directly to the shore suggesting that until construction of the seawalls the
shoreline was eroding. Towards the back of Blue Lagoon beds of Branksome
Sand and alluvium outcrop.
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Foreshore
The foreshore is flat and sandy with some shingle and shells.

The net potential longshore sand transport rate has been calculated to be
about 2000m®year in an easterly direction. The direction is confirmed by the
eastward shift of the channel leading into Blue Lagoon but the volume will be
less than potential since the beach Is far from full. Supply from the west is
limited by ths jetiies of Parkstone Yacht Club. Transport past the eastern end
of the unit is restricted by the jeities of Salterns Marina. Sand, which is
transported past the end of Salterns Marina, can be influenced by the main
tidal flows in the North Channel and will tend to stay in the channel system
rather than passing onto the shores of Unit 5.

The low bluffs which form the shore suggest a natural tendency towards
erosion in the past. There has been negligible natural change in the location
of the High Water Mark since the 1888 Ordnance Survey suggesting that the
low cliffs are a relic of erosion which took place when larger wave could
penetrate the Harbour through a wider mouth than presently exists. Seawalls
have been built on the foreshore claiming the backshore of the natural beach.
A number of short groynes intersect the shore, inhibiting longshore transport.

Old editions of the Ordnance Survey indicate that Blue Lagoon was drained
during the last century with a network of drainage ditches evident on the 1889
edition. A continuous sand and shingle beach stretched along what is now the
bar across the lagoon. It Is shown in the same way on the 1902 and 1932
revisions. By 1932 the area had been flooded, tidal exchange with the lagoon
being controlied by a sluice gate which, more recently, fell into disuse, Flow
in and out of the lagoon is now through a breach in a sand and shingle bar
{possibly artificially initiated) southeast of the former sluice. Apart from this
narrow channel the lagoon is very shallow with a bed of soft muddy and sandy
sediments.

Parkstone Marina has gradually expanded. What was once the narrow
Woeston's Island in the mouth of Parkstone Bay has been included in the
impoundment of the marina.

Structures

The properties on the frontage are protected by a variety of privately
constructed walls in varying states of repair. The walls in sub-section 3 were
upgraded during the 1950s by construction of concrete and steel toe
protection.

Across the mouth of Blue Lagoon the bar is protected with a variety of
concrete, steel and gabion structures, mostly in bad condition. The sluice
which controlled flow in and out of Blue Lagoon is now disused and its channel
is blocked with gabions and debris,

The groynes in front of sub-section 3 are in poor condition.
Overtopping of a typical private seawall on the frontage has been calculated

to be 0.7¥/m/s during a 1:10 year storm. Though quite high this discharge is
tolerable onto the grassy sloping private gardens adjacent to the seawalls.
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Land use and vulnerability

Land adjacent to the shoreline is occupied by large private properties. Either
end of the unit is occupied by a marina. Because their gardens slope down
to the shore, the properties are not threatened with flooding. However, the
seawalls do prevent continuing erosion of the shore from which the propetties
are at risk.

The bar across Blue Lagoon shelters the shoreline within the lagoon. Within
Blue Lagoon most of the land slopes down to the shore so flood risk is
restricted to a few properties on the eastern side of the Lagoon. Since some
of the shoreline within Blue Lagoon is not protected but merely vegetated a
more active hydraulic environment as a resulf of breaching the bar could
initiate shoreline erosion, -

Environmentai sensitivity

Public access to the frontage is restricted. The jetties and marinas along the
frontage constitute the principal amenity. The muddy sand beaches are not
a particularly important ecological habitat. Blue Lagoon with its mudfiats and
naturally vegetated shoreline is more significant.

H n

Conseguences of "do nothing

Though some are in poor condition it is not likely that any of the private
seawalls will collapse within the next ten years. When collapse does ultimately
ocour shoreline retreat and backshore erosion is to be expected but private
gardens are sufficiently long to delay loss of property for several years. Wave
overtopping of the private walls will continue at a fairly high rate during
occasional storms but sea level rise will not have a noticeable impact on this
currently tolerable problem.

Because of the poor state of repalr of its various protective structures, the bar
across Blue Lagoon could breach within the next ten years. The breach is
unlikely to propagate rapidly but there will be a general increase in wave
climate within the lagoon which will threaten the unprotected shoreline with
erosion, albeit at a modest rate.
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4.3.8 Management Unit 7 Parkstone Bay and Baiter Park

Grid References SZ 0298 9042 o SZ 0136 9023
Length of frontage 2.42km

Drawing 2 PBC map reference number D065/03
Summary Table 4.10 PBC unit reference numbers 9 to 15
Plates 4.10 and 4.11

Description

Despite a varying hydraulic environment associated with a wide range of
exposure conditions, Baiter Park and Parkstone Bay constitute a continuous
littoral environment, Longshore drift from the exposed Baiter frontage passes
unhindered towards Parkstone Bay. Management Unit 7 is also characterised
by a hinterland of low-lying reclaimed recreation ground.

To the east, marinas and vertical sea walls "squeeze" the narrow foreshore.
The jetties of Parkstone Marina inhibit sediment interaction between Units 6
and 7. The boundary with Unit 8 is marked by a change in foreshore (from
beach to deep water), seawall type (from sloping revetment to vertical wall),
and land-use (from recreation ground to quays).

Hydraulic conditions

The orientation of the shoreline within the unit varies from 111° to 14°N.
South-westerly facing shores are exposed to fetches of up to 6km in the
direction of prevailing wind so the wave environment, particularly near Baiter
Point can be quite active. The wave climates computed at points D and E
{(Figures 2.52 and 2.53) are both of relevance to Unit 7, indicating 1:10 year
significant wave heights of up to 0.8 m. However, the south and south-
easterly facing shores of Parkstone Bay are exposed to shorter fetches of
between 2.2km and 3.2km. The consequent gradient of wave heights round
Baiter Point drives littoral processes in this area.

The shaliow bathymetry of Parkstone Bay limits wave heights in the back of
the bay so that whilst exposed to south-westerly fetches, the back of the bay
is more sheltered than Baiter.

The impact of currents in Parkstone Bay is minimal with no defined system of
channels. Nearshore tidal flows are low. The Middle Channel, the centre-line
of which is as much as 700m off Baiter Point, has been dredged along its
natural alignment concentraling tidal flows offshore.

Coastal geology

The shores of most of the unit have been reclaimed. Underlying beds are
alluvium and clay. The previous extent of Parkstone Bay before sedimentation
with alluvium and subsequent reclamation is indicated by the low clay bluffs
on the landward edge of the reclamation area. The railway embankment has
separated Poole Park boating lake from the rest of Parkstone Bay, so it is no
longer obvious that the shoreline previously extended to the beds of
Branksome Sand on which Pocle town centre is built.
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Foreshore

The sloping upper beach along the frontage of Baiter Park is sand with a
shingle crest. Beyond the narrow sand beach the foreshore Is flat, comprising
poorly sorted sediments, ranging from sand to shingle with clay in places. The
sediments are black in appearance and the surface is "armoured” with a layer
of pebbles.

In Parkstone Bay the shore is flat and exposed only at low water. [t comprises
mostly red or black sands with some clay and shingle. Near the shore the
surface Is littered with debris and seaweed. Towards the centre of the bay the
bed is more muddy. In the eastern corner a small fringe of vegetation
stabllises the shore.

Before the back of Parkstone Bay was claimed as a recreation ground the
shoreline was naturally advancing. Between the 1888 and the 1200 editions
of the Ordnance Survey the High Water Mark advanced by an average of
about 20m.

Before major land claim (for construction of Poole Gas Works) the beaches of
sub-sections 7/5 and 7/6 formed a narrow spit extending into Parkstone Bay.
Despite the changes in the immediate hinterfand this beach system still exists
though It is now starved of sediment from the heavily built up frontage updrift.
These beaches have been slowly eroding. The High Water Mark 50m west
of the public slipway reireated by 28m between 1888 and 1993 and at Baiter
Point it retreated by 12m during the same period.

Longshore drift calculations {see Table 3.4) indicate a potential sand transport
rate of about 7000m*year in an easterly direction along the south-facing Baiter
shore. Actual drift will be less than the calculated potential since there is not
a full sand beach profile, and moreover, supply from the west is minimal.
However, the calcutations confirm the observed trend of sediment transport,
and explain the previous tendency for erosion on the section of the south-
facing Baiter frontage which was, until recently, unprotected.

Once sediment has been transported along the beach into Parkstone Bay, the
potential drift reduces in the more sheltered environment. Tidal current
circulations also make minimal contribution to sediment transport in the bay so
it can be considered to be a sediment sink.

The beach is unimpaired by cross-shore structures along most of the frontage.
The public slipway between sub-sections 4 and 5 has led to a build-up of
beach on ifs western (updriff} side.

Structures

The majority of the frontage is protected by sloping revetments constructed of
rock, concrete, or blockwork. The previously unprotected and eroding sub-
section 6 was protected with a new stepped concrete wall in 1994. Sub-
section 5 has no “hard" defence but the existing shingle bank affords
protection and there is no evidence of serious erosion. In the silted back of
the bay the unprotected sub-section 2 is naturally vegetated and stable.
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The rock, stepped concrete, and interlocking concrete block revetments are in
fair to good condition whereas the concrete sloping concrete revetment along
sub-section 3 is rather poor.

The structures are occasionally overtopped, a discharge of 6.1l/s/m during a
1:10 year storm having been calculated at sub-section 4. This overtopping
discharge is sufficiently high to represent a hazard to pedestrians but is not
damaging to the path or recreation ground behind the revetment.

Land use and vulnerability

The shore is backed by low-lying land which has been progressively claimed
for a variety of purposes. Construction of the railway line across Parkstone
Bay separating what is now the boating lake from the rest of the Bay was the
first major work. The 1887 Ordnance survey shows a sluice channel beneath
the railway line to permit drainage from the enclosed part of the Bay.
Subsequent land claim seaward of the railway line completely separated the
boating lake from the rest of the harbour.

The recreation grounds and a car park which are now adjacent to the shore
are susceptible to occasional overiopping. Whitecliffe recreation ground was
identified in the NRA Sea Defences Survey (1991) as being susceptible to
flooding.

Further back are roads, houses and a railway line. Most of these properiies
are at a high enough level not to be at risk from flooding though there are
residential areas In Parkstone and at Green Gardens which are below
1.7m ODN and are therefore at risk from extreme surge water levels. The
NRA Sea Defences Survey (1991} identified Green Gardens as being under
threat from flooding and work was carried out to improve the defences in sub-
section 7. In January 1993 Green Gardens was flooded by overtopping water
from Town Quay and this problem Is discussed in relation to Management Unit
8.

Environmental significance

Baiter Park and Parkstone Bay are popular throughout the year with
promenaders. The narrow sandy beach at Baiter is used for recreation during
the summer. There is a slipway for the public to launch boats at Baiter. The
beaches are dug for bait.

Erosion of sub-section 6, which occurred until recently, deposited glass and
the remains of shredded household refuse {which was used as fill for the
Baiter reclamation) on the foreshore.

The wide inter-tidal flats are a feeding ground for numerous bird species. The
grasslands, on reclaimed land, at Baiter and Whitecliffe, form an integral part
of this area and are used by intertidal birds for roosting and feeding (Gray,
1085).

Consequences of "do nothing”

The frontage is now adequately protected to prevent damage from erosion
which continued until recently. The standard of protection is adequate for the
next 10 years. :
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4.3.9 Management Unit 8 Town Quays

Grid References SZ 0136 9023 to SZ 0093 8105
Length of frontage 1.65km

Drawing 2 PBC map reference number D085/03
Summary Table 4.11 PBC unit reference numbers 15 to 29,
Plate 4.12

Deseription

The frontage surrounding the historic part of Poole has been reclaimed by
works to construct the various quays. Management Unit 8 comprises mostly
vertical sea walis built for boat access so that the shore at their toe is
submerged during all tidal states. The boundary with adjacent Unit cccurs
where these vertical walls give way to sloping beaches in the east (Unit 7) and
mudflats in the north (Unit @), The Unit is also characterised by the strong
current conditions in the Back Water Channel. The waterfront at Town Quay
is open to a significant wind fetch across Poole Harbour.

Hydraulic conditions

Fetch lengths and direction vary markedly throughout the unit. The eastern
end of the unit is exposed to waves generated in Poole Harbour from a
southerly and south-westerly direction over a tength of up to 4km. On the
reach of the Back Water Channel near the swing bridge, the frontage Is
sheltered from wave action whereas further north the frontage is exposed to
fetches of up to 1.7km in a north westerly direction. Wave conditions relating
to this frontage have been computed at two points (C and D, see Figures 2.51
and 2.52). Extrems waves towards the eastern end of the unit are almost
twice the height (1:10 year H, = 0.77 m) of waves at the northern end of the
unit (1:10 year H, = 0.42 m).

Tidal exchange with Holes Bay is through the Back Water Channel (adjacent
to this Unit). The channel has been narrowed by construction of the quays so
that currents reach a maximum velocity of 0.7m/s at lts narrowest point on
spring tides (HR, EX2160, 1990). At its opening, the so-called Little Channel
fiows past the Hamworthy Quay so that currenis at the eastern end of the
Town Quay are limited and consequently the bed shoals near the Fisherman’s
Quay breakwater. Dredging is therefore carried out in the western approach
to Fisherman's Quay

Coastal geology

The Poole Town Quays have all been reclaimed and natural strata of alluvium
only outcrop at the eastern end of the unit near the Fisherman’s Quay.

" Foreshore

The unit is characterised by a stable sandy sea bed which is submerged at all
tidal states.
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Structures

The vertical quay walls along the frontage are constructed from a variety of
materials (steel, timber, masonry, concrete) and are in widely varying
conditions of repair. The Town Quay walls are in fair to good condition,
whereas further north the various private quays are in a worse condition.

The water at Town Quay is over 5.5m deep during a 1:10 year storm which
means that the hydraufic conditions are well outside the limits of usual seawall
overtopping calculations., Overtopping rates cannot, therefore, be estimated
without recourse to physical model studies. However, evidence suggests that
overtopping is a problem at Town Quay with damaging incidents having
occurred on 17 December 1989 and 13 January 1993.

The Fisherman's Quay wall is low (1.42m ODN) and Is apparently occasionally
overiopped, but is sheitered from direct wave attack by the breakwater.

Land use and vulnerability

The land behind the Poole Quays is occupied by industrial and commercial
properties as well as roads, car parks and amenities. Overtopping of Town
Quay threatens these properties with flooding; much of the area is below
2.0m ODN and some is below 1.5m ODN. The surface drainage on the Quay
has been -designed to discharge peak rainfall run-off volumes and does not
have sufficient capacity to simultaneously discharge overtopping waters, Thus
when overtopping coincides with heavy rainfall (which it tends to do) the low-
lying areas of the old part of Poole Town can be flooded.

Buring 1993 Green Gardens (east of Town Quay) were flooded by water
overtopping Town Quay. The Townh Quay (1.85 - 1.90m ODN) does not
achieve the indicative standard of protection against a 1:200 year surge
(1.92m ODN).

Environmental! sensitivity

Discharge of effluent from the industrial works on the south-eastern shore of
the Holes Bay has contaminated sediments on the bed of the Back Water
Channel. This environmentally damaging practice is now prohibited but the
contamination remains.

Poole Town Quay is of historic importance and attracts many visitors. lis
function as a commercial quay constrains the types of sea defence structures
which would be suitable.

Consequences of "do nothing®

The existing Town Quay wall will continue to be subjected to overtopping.
Occasionally discharges will be sufficiently high to represent a risk o passers-
by or motorists, and there is a risk of more widespread flood damage to
property. Overtopping damage will become more severe with rising sea levels
predicted in the future.
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Decay of the structures themselves, which towards the north are already in a
poor state of repair, will threaten collapse and consequent damage to adjacent
properties. However, the walls in the poorest state of repair are in a quiet
hydraulic environment and probably still have a residual life of about ten years
under these conditions.
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4.3.10 Management Unit 9 Eastern Holes Bay

Grid References SZ 0093 9105 to SZ 0066 9222
Length of frontage 1.91km

Drawing 3 PBC map reference number DO85/04
Summary Table 4.12 PBC unit reference numbers 1 to 3
Plate 4.13

Description

Management Unit 9 covers the length of reclaimed frontage on the eastern
side of Holes Bay between the deeper water frontages on the Back Water
Channel and the Holes Bay viaduct. The Unit is fronted by mud flats and
remnants of salting but because of its south-westerly aspect and proximity to
Creekmore Lake it is the least sheltered of the three (10 to 12) Holes Bay
Management Units. Interaction with adjacent units is minimal being separated
from northern Holes Bay by the viaduct and being quite different in character
to the relatively deep-water frontages in Unit 8 to the south.

Hydraulic conditions

Fetches within Holes Bay are limited to a maximum of about 1.3km in a
westerly to south-westerly direction. A wave climate has been computed at
Point C within Holes Bay (see Figure 2.51). Analysis of extreme wave helghts
indicates a 1:10 year significant wave height of 0.42m.,

Protection of this section of frontage by saltings is less extensive than
elsewhere in Holes Bay so higher waves can approach the shore. The
environment is nevertheless sheltered.

Back Water Channel and Creekmore Lake carry the main tidal exchange in
Holes Bay close to the shore. The stable tidal channels are closer to the
shore in the nerthern part of the unit.

Coastal geology

The frontage along Management Unit 9 is entirely reclaimed land with no
natural outcrops. The underlying strata are clays and altuvium.

Foreshore

The flat foreshores are formed from a pootly sorted material comprising
sediments ranging from muds to sands and gravels. The muds on the whole
are very soft and mobile indicating accretion may still be taking place. The
shore is in places stabilised by saltmarsh but this is less extensive than in
northern and western Holes Bay. The poorly sorted sediment indicates a low-
energy stable environment. Shoreline change has been as a consequence of
rectamation and saltmarsh disback.

Alongside the embankments the shoreline is littered with debris.
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Structures

The frontage is protected with recently constructed rock armour revetments
protecting reclaimed land. These are in good condition and In this quiet
hydraulic environment provide an entirely adequate protection. Overtopping
is limited to 0.1 /m/s during a 1:10 year storm. Since the road is more than
10m from the crest of the revetment this discharge is acceptable.

Land use and vulnerability

Most of the frontage is formed by the A350, built on fand reclaimed in 1983.
This is separated from the sea walt by a footpath and an area of wasteland of
varying width. The roadway is sufficiently high above maximum water levels
not to be at risk from flooding and to prevent flood water from reaching the
lower-lying land behind. The southern part of the unit is occupied by industrial
properties, on low-lying land, Rock revetments prevent the risk from flooding
or erosion.

Environmental sensitivity

The shelter of Holes Bay, and the safe moorings it provides, attract a large
number of boat owners. A footpath runs along the edge of the rectamation but
the littered foreshore and wasteland between the path and the road does not
make this shore of Holes Bay a particularly attractive amenity.

All of Holes Bay is ecologically very sensitive (Dyrynda, 1983) and the
saltmarshes are biological S8S!'s. The environment in this Unit has been
much affected by land reclamation as well as by the spread and subsequent
decline of spartina saltmarsh, Although the invertebrate fauna is relatively
impoverished the mudflats marshes and surrounding reclaimed land support
large numbers of intertidal birds (Gray, 1985).

In the past discharge of industrial effluent near the south of the Unit has
contaminated sediments on the bed of Holes Bay.

Consequences of "do-nothing"

The shoreline environment of this unit will remain stable though the long-term
extent of saltmarsh vegetation is Impossible to predict. Thus the existing rock
revetments will continue to provide an adequate standard of protection.

83 EX 2881 08/02/95



4.3.11 Management Unit 10 Northern Holes Bay

Grid Referencds SZ 0066 9222 to SY 9926 9214
Length of frontage 2.51km

Drawing 3 PBC map reference number DOB5/04

Summary Table 4.13 PBC unit reference numbers 4 and 5
Plate 4.14

Desctiption

Almost completely enclosed by the Holes Bay viaduct which forms the eastern
and western boundaries of Unit 10, the northern part of Holes Bay comprises
a very sheitered environment.

Hydraulic conditions

The Holes Bay viaduct aimost completely separates the northern and southern
parts of Holes Bay. In the north, therefore, the hydraulic conditions are very
sheltered. Tidal flow in and out of the northern part of Holes Bay is through
two open spans in the viaduct. Thus, whilst there is locally faster flow near
these spans on the whole flushing is poor and this areas is quite lagoonal in
character. Dyryndra (1983) suggests that the northern part of Holes Bay can
be considered to be a “tertiary" bay, since it is separated from the remainder
of Holes Bay which itself only exchanges with the primary bay {Poole Harbour)
through the narrow Back Water Channel,

Coastal Geology

The oldest beds on the PBC frontage are to be found in the northern part of
Holes Bay. The Creekmoor Clay forms part of the London Clay formation and
underlies the whole frontage, apart from where the land has been reclaimed
in the east.

Foreshore

The shore is fronted by a wide area of stable saltings. The saltings in this Unit
have probably been less aifected by saltmarsh dieback than slsewhers in
Poole Harbour because of their sheltered location. To the west the saltings
gradually grade into natural terrestrial vegetation whilst further east the abrupt
change to rock revetment means that the natural saltmarsh environment in this
area is somewhat degraded. Beyond the saltmarsh fringe the tloor of the Bay
comprises very soft muds.

Structures
The western section of the unit is unprotected by structures. In the east the
embankment of the A350 is formed from rubble and earth. It shows a little

locallsed weathering but is stable.

Land use and vulnerability

The western part of the unit comprisés farm land and the Upton Park Country
Park whilst in the east land has been reclaimed for construction of the A350.
In this stable environment the shoreline is not threatened by erosion. The
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A350 is sufficiently high not to be affected by surge water levels whilst the low-
lying areas of the Upton Park Country Park are not damaged by occasional
high water. The land between the rock revetment and the A350 is occupled
by a footpath and wasteland.

Culverts flow south from the low-lying residential areas of Oakdale and
Creekmoor and discharge into Northern Holes Bay. There Is a risk of surge
water levels in Holes Bay flooding the properties in Creekmoor via the western
culvert. The drainage system is such that flooding from Holes Bay via the
eastern culvert is prevented.

Environmentai sensifivity

The western side of Management Unit 10 is an attractive coastal environment
and Upton Country Park attracts numerous visitors. The sparfina marshes,
including those around Pergin’s Island are backed by transitions from brackish
marsh to semi-natural grasslands or farmland. The marshes are a biological
8881

Towards the east the natural backshore has been claimed and is marked by
a limestone embankment with a small area of spartina marsh remaining north
of the railway. The shore affords pleasant views towards the west but is
littered with debris.

The mudflats, marshes and surrounding land support large numbers of
intertidal birds.

The poor flushing characteristics, combined with discharges from sewage
treatment works at Creskmoor have given rise to particular concerns about the
levels of pollution in this northern area of the Bay (Dyrynda, 1983, Gray, 1985).

Consequences of "do nothing"

In the stable environment of Unit 10, changes in the shoreline environment or
decay of the coastal structures is not to be expected within at least ten years.
The saltmarsh vegetation in this sheltered environment is stable.

Surge water levels in Holes Bay are likely to cause flooding in the low-lying
residential areas to the north via a culvert which discharges into the bay.
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4.3.12 Management Unit 11 Westemn Holes Bay

Grid References SY 9926 9214 to SZ 0054 9070
Length of frontage 2.58km

Drawing 3 PBC map reference number DO65/04
Summaty Table 4.14 PBC unit reference numbers 5to 9
Plate 4.15

Description

The western side of Holes Bay comprises a saltmarsh shore which has, to a
varying extent, been developed for housing and industrial purposes.
Management Unit 11 is bound to the north by Holes Bay viaduct and in the
south by the relatively deep water quay on the Black Water Channel to the
now disused Poole Power Station. Interaction with adjacent Units is minimal,

Hydraulic Conditions

The Unit is exposed to fetches a maximum of 1.3km in length in a north-
easterly direction so wave conditions are mild.

Generally speaking the constriction of the entrance to Holes Bay by
construction of the wharves has restricted tidal flows. Silting of upper
channels, particularly in Unit 10 since its enclosure, has reduced tidal flows
throughout Holes Bay. Tidal flows increase towards the inlet into Holes Bay
at the Back Water Channel.

Coastal Geology

The low lying shores of the western side of Holes Bay comprise beds of
alluvium laid down by the streams draining into the bay.

Foreshore

The shore generally comprises saltmarsh vegetation which has stabilised the
underlying sands, silts and clays. Although in the long term the trend has
been for saltmarsh dieback in Holes Bay (Dyrynda, 1983), the shores are, in
the medium term at least, stable. Beyond the saltmarsh fringe the floor of the
Bay comprises soft muds,

Structures

The land on the western side of Holes Bay which has been developed for
housing or industrial purposes is raised slightly above the fringe of saltmarsh
by which it is fronted. These properties have not needed any further
protection.

The Cobbs Quay comprises the principal structure within the Unit. Saltmarsh
adjacent o the walls of the marina has died back or been removed. The
presence of vertical walls and vessels passing in the approach channel
increases hydraulic activity in this otherwise very sheltered coastal
environment
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L and use and vulnerability

Moving from the industrial land use in the south of the Unit, most of the
remaining frontage is backed by housing estates. These have been built
behind areas of saltmarsh and are high enough above surge water levels not
to be at risk from flooding. Cobbs Quay extends into the deeper Upton Lake
channel yet does not suffer from flood damage.

Shoreline erosion which is normally associated with saitmarsh dieback has not
been quantified. 1t is probably very low and does not threaten properties,

Environmental sensitivity

Although not easily accessible to visitors the salimarshes in the west of Holes
Bay are an attractive natural environment. The marshes are part of the Poole
Harbour biological SSS1. This part of the Bay is used for mooring of many
small boats and Cobbs Quay is a focus for boat-building and a marina for
larger private pleasure craft.

The marshes to the west of Holes Bay show a transition from spartina to other
plant communities notably in the middle of the bay and around the promontory
immediately south of the raiiway in an area of residential development (Grey,
1985). As elsewhere in the bay, the mudflats and marsh vegetation are
important bird habitats.

Consequences of "do nothing”

Although the extent of salimarsh vegetation is difficult to predict, the fringe of
vegetation protecting most of the properties of Unit 11 can be expected to do
so for the next ten years without any further intervention.
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4.3.13 Management Unit 12 Hamworthy Quays

Girid References SZ 0054 9070 1o SZ 0014 9013
Length of frontage 2.62km

Drawing 2 PBC map reference number DOB65/03
Summary Table 4,15 PBC unit reference numbers 30 to 31

Description

Management Unit 12 comprises the various quays, marinas and commercial
frontages at Lower Hamworthy. It extends from the northern end of the former
power station wharf to the western breakwater of the Lower Hamworthy Yacht
Marina,

Construction of the quays means that the foreshore is now submerged in all
tidal states.

Hydraulic conditions

The Hamworthy Quays are exposed to fetches of up to 3km towards the
south-west - the direction of highest waves. The Quays are exposed to longer
fetches from the south and east-south-east Waves from the south to south-
east can also be reflected off Poole Town Quay so that quite high waves can
develop between the Quays, Regular passage of vessels to the quays,
marinas and ferry terminal also induces wave activity.

The channel between Hamworthy Quay and Town Quay has been
progressively narrowed by port developments thereby concentrating tidal flows.
The approach channel and turning area for the Ferry Terminal have been
extensively dredged.

Coastal Geology

Most of the shoreline within the unit has been reclaimed. The undetlying
beds are alluvium and clay but these are not exposed on the frontage,

Foreshore

The seabed is submerged at all tidal states. Previous studies (MR, EX2160,
1890) report it to include sand, silts and stones. 1t is worked upon by relatively
high current flows close to the quays and has been significantly affected by
capital and maintenance dredging.

Structures

The unit is largely fronted by vertical quays constructed from concrete, steel
or masonry. The marina breakwater which forms the western end of the Unit
consists of rock armour. The condition of these structures has not been
assessed in detail for this study though they have been reported to be fair or
good.
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Land use and vulnerability

The Unit is fronted by land with various commercial uses. Upstream of the
swing bridge are boat-yards and the now derelict power station, Poole Ferry
Terminal and other PHC quays occupy much of the Poole Harbour frontage
and the westemn end of the unit comprises a marina. All of this frontage has
to a greater or lesser extent been reclaimed. PHC (1982) describes the
progress of reclamation at Hamworthy.

Although the quay walls are relatively high (2.4 to 2.5m ODN) these exposed
structures do occasionally suffer overtopping. However, PHC state that
overtopping discharges are insufficient to significantly disrupt port activities.

Ecological sensitivity

Public access to the Hamworthy Quays is restricted as they are used for
commercial purposes. The visual aspect of the site from the swing bridge and
for the many passing pleasure craft should be a consideration in future
development plans. Where there former power station is now being
demolished there are opportunities for environmental enhancement on this
degraded industrial site.

In terms of environmental impact, the mobile sandy bed is actively worked by
tidal currents. Being submerged it provides litlle intertidal or supra-tidal
habitat.

Consequences of "do nothing"

The Hamworthy Quays are expected to remain stable and to continue to
provide an adequate level of protection over the next ten years
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4.3.14 Management Unit 13 Lower Hamworthy Marina to
Rockley Viaduct

Grid References SZ 0014 9013 to SY 9734 9195
Length of frontage 3.44km

Drawing 4 PBC map reference number DOB5/05
Summary Table 4.16 PBC unit reference numbers 1 to 18
Plates 4.16 and 4.17

Description

Management Unit 13 is bound by the breakwater to Lower Hamworthy Marina
(which forms a substantial barrier to littoral transport) in the east, and Rockley
Viaduet in the west. Rockley Viaduct forms the entrance to the partially
enclosed Lytchett Bay.

Although subdivided by groynes, jetlies and marina walls Unit 13 comprises
a continuous kittoral regime in which adjacent sections of beach interact.

Hydraulic Conditions

The Ame Peninsula limits fetches to the south-west to as little as 700m
towards the centre of the Unit. However, towards the west end of the Unit the
fetch in a south-westerly direction is up to 4.5km and is about the same length
in a southerly direction at the eastern end of the Unit.

Two wave climates A and B (see Figures 2.49 and 2.50) have been computed
near the shore of this Unit, Towards the eastern end of the Unit a 1:10 year
wave height of 0.75m is predicted whilst at the western end a 1:10 year wave
height of 0.59m is predicted.

The Wareham Channel flows parallel to the unit and close inshore between
l.ake Pier and the Moriconium Quay. Towards the west the narrower channel
to Lytchett Bay flows past Rockley Point and through Rockley Viaduct, but tidal
current flows are driven by a much lesser tidal volume.

Major capital dredging has not been carried out upstream of Hamworthy
Marina though the entrance to the Royal Marines slipway has been dredged.

Coastal Geology

The natural shoreline geclogy alternates between alluvium and the Oakdale
Clay of the Poole Formation. However, these natural deposits have been
greatly disturbed by china clay workings at Rockley Sands and to a lesser
extent by the reclamation at Hamworthy, The Oakdale Clay is visible in the
cliffs near Rockley Point. Further east where it outcrops on the frontage at
Lake, it is not exposed,

Foreshore
The Unit is characterised by sandy beaches. At Rockley Sands these display

a natural profile, in places backed by a fairly healthy shingle crest, At Rockley
Point a sandy spit has been formed adjacent to the channel leading into
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Lyichett Bay. A sheltered pocket of muddy sand, strewn with debris, is found
between Rockley Point and the railway viaduct.

The beaches on the central part of the Unit tend to be flaiter, whilst to the east
they have been nourished with sand, so that at the recreation ground a sand
beach lies above a more muddy hed. The sand beach here has been
observed to be quite mobile, significantly lowering after storm action and
subsequently recovering. Some shingle is to be found on the upper beach and
in the poortly sorted sediments near the low water mark.

Calculations of potential longshore sand transport driven by wave climates A
and B indicate that at the western end of the Unit the potential net longshore
drift rate is 1000m®%year towards the east. At the eastern end of the unit drift
is also towards the east but the calculated potential drift is about 3600m%year.
These drift directions are confirmed by a build-up of sand or gravel on the
western side of some groynes and other cross-shore siructures on the
frontage. A continuous easterly longshore drift regime is an important
characteristic of Unit 13.

Structures

A variety of coast protection structures have been built, ranging from the
concrete walls at Hamworthy recreation ground, to the privately constructed
walls on the Lake frontage. The condition of these structures vares. The
walls at the eastern side of Hamworthy recreation ground are rather old and
have recently had to be repaired. The private seawalls on the Lake frontage

_vary widely in condition with some recently rebuilt or upgraded whilst others
are poor, Most of Rockiey Sands is unprotected and gradually eroding whilst
towards Rockley Point the cliff toe is protected with gabion baskets. The
lifetime of this type of protection is limited,

Sub-section 2 is protected by a very low wall which regularly overtops. Further
west the private seawalls provide adequate protection. A typical seawall in
sub-section 14 has been calculated to limit overtopping to 0.03Y/s/m during a
1:50 year storm.

Land use and vulnerability

Towards the eastern end of the Unit, low-lying land has been reclaimed to
form the Hamworthy recreation ground. Beach huts have been sited along the
shore and the beach is a popular amenity. The recreation ground is poorly
drained and is as low as 1.5 m ODN in places. During the highest recorded
tide flood, water reached as far as the cafe and road at the back of the
recreation ground.

Moving westwards, private houses and marinas and the Royal Marines
Amphibious Training Unit back directly onto the shore. The westernmost
1.5km of the Unit is formed by Rockley Sands. Formerly worked for china
clay, the east of this area is now a local nature reserve, whilst in the west it is
occupied by a caravan site and a marina at Rockley Point.

Study of historic surveys shows that the shoreline of the Rockley end of the
Unit has a natural tendency to erosion whilst towards the Hamworthy end the
shoreline has been more stable. Some shoreline change (of the order of 10m
in 100 years) is apparent in sub-section 13/1 and 13/2, though there is no
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dominant trend of advance or retreat. A stream used to discharge into the
harbour close to the boundary between 13/2 and 13/3. The bed and mouth
and this stream has now been claimed as recreation ground and the shoreline
straightened somewhat. in sub-section 13/4 the High Water Mark refreated by
up to 14m beilween 1900 and 1953 but has been stable since. Natural
shoreline change in sub-section 13/7 and 13/8 is difficult to interpret from
historic maps because of the impact of china clay workings east of Rockley
have had on the shoreline. Natural retreat can be studied in sub-section 13/10
and is demonstrated in the table below.

Chainage move west Retreat between 1888 and 1954 surveys (m)
along sub-section
13/10 MHW Cliff edge
0 10 16
100 7 8
200 10 9
300 7 5

Where unprotected, the low cliffs at Rockley Sands continue to erode.
Tension cracks obsetved about 20m landward of the cliff top by PBC staff
suggest potential for slip failure, and are evidence of this continuing erosive
trend.

Environmental sensitivity

The beaches between Hamworthy and Rockley are a pleasant and popular
amenity. At Hamworthy Park in the east, the beach has been nourished and
a promenade and beach huts constructed. In the west, Rockley Sands holiday
camp s a large caravan and chalet complex. Slipways, piers and boat-yards
towards the centre of the Unit are for public and private use, Angling is a
popular activity and ragworm is dug for bait along the shoreline.

From Rockley Point extending south, natural cliffs of tertiary sands and clays
are of geological and ecological interest. Where eroding, fresh exposures of
the deposits are visible above a natural and unimpaired beach - a rare
example of active geomorphological processes within the Harbour. The cliffs
and heath vegetation in this area have been designated as a Nature Reserve
in recognition of their ecological importance. Ham Common is designated as
a biological and geological SSSi, which also includes the Lake Geological
Conservation Review site.

Although the gravel shores are rich in polychaete worms they are not
extensively exploited by intertidatl - feeding birds at least in the eastern part of
this Unit (Gray, 1985). :

Conseguences of "do nothing"

The gabion protection near Rockley Point will continue to deteriorate and
within a few years will cease to function as a coast protection. Small-scale cliff
degradation near the Rockley caravan site is to be expected within ten years,
The cliff top where a line of caravans is now sited will be threatened by
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erosion. However, as caravans are a mobile asset erosion of the cliff top
cannot be assumed to result in a loss of property. Erosion of the cliffs near
Rockley Point will supply sediments to the beaches at the cliff toe and
downdrift. It will also expose cliffs which are recognised for their geological
Interest.

Overtopping on the Hamworthy frontage will continue to flood the recreation
ground on an occasional basis.

a3 EX 2881 (8/02/85



4.3.15 Management Unit 14 East Lyichett Bay

Girid References SY 9734 9195 to SY 9820 9220
Length of frontage 1.73km '

Drawing 4 PBC map reference number D065/05
Summary Table 4.17 Not included In PBC unlt references
Plate 4.18

Description

Management Unit 14 comprises that section of the PBC frontage which lies
within Lyichett Bay. Lytchett Bay has been partly enclosed by Rockley Viaduct
which now forms the boundary between the semi-lagoonal Lytchett Bay Unit
14 and the more exposed Unit 13,

Although this Unit extends only along the PBC frontage the shore of Lytchett
Bay has similar characteristics throughout, as does the hydraulic regime.

Hydraulic conditions

The enclosed bay limits fetches to a maximum of 1.6km (at the northern end
of the unit and in a westerly direction). The open span of Rockley Viaduct is
sufficiently narrow to prevent any significant wave activity from Poole Harbour
from penetrating Lytchett Bay. Wave conditions are therefore very mild.

Similarly to other partially enclosed areas of Poole Harbour, the viaduct across
the mouth of Lyichett Bay has reduced tidal flows within the Bay. Only at the
narrow opening of the viaduct have tidal flows been increased. However, the
main tidal channel is sufficlently far from the shore for currents near the shore
to be minimal. Spariina dieback has, in general, resulted in a shaliowing in the
upper reaches of tidal channels within Poole Harbour.

Coastal Geology

The low-lying shore comprises beds of afluvium laid down by the streams
draining into the bay, principally the Rock Lea River. Slightly higher ground
comprises the Oakdale Clay of the Poole Formation and is closer fo the shore
in the south of the Unit.

Foreshore

in the lower part of Lytchett Bay a thin layer of sand overlies mud and there
is a narrow sand and shingle beach at the shore. In the upper bay the
sediment is muddy and stabilised by vegetation. The existing foreshore is
generally stable as a consequence of sheltered hydraulic conditions and
modest tidal flows. Nonetheless in the south-east of the bay salimarsh
dieback does seem to prevail whilst in the upper bay the saltmarsh is healthy.
The intertidal flats are principally sandy muds and muds and are firmer than
on the west shore (Gray, 1985).

No structures have been constructed for beach control purposes but Rockley
Viaduct has had an impact on coastal processes by sheltering the southern
part of the unit and forcing currents offshore, concentrating them in the narrow
entrance to the Bay. '
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Structures

Within this stable shoreline environment it has not been necassary to construct
"nard" coastal structures. The Turlin Moor reclamation is surrounded by a
grassed earth embankment but is separated from the shoreline by a sufficient
width of vegetation to warrant no additional protection,

Land use and vulnerability

A housing estate has been constructed on higher ground behind the natural
saltmarsh shoreline at Turlin Moor.

Because of the stability of the shoreline, the Unit is not at risk from erosion.
Whete situated on low-lying land, existing embankments provide adequate
protection from flooding.

Although backed by low bluffs, the natural shoreline comprises saltmarsh
vegetation, suggesting that gentle post-glacial cliff erosion in the past was
reversed by colonisation with saltmarsh vegetation. May (1969) suggests
shoreline accretion, particularly within the northern part of the unit, between
6000BP and 1807AD. Subsequently the human activity has dominated
shoreline changes with reclamation of Turlin Moor and construction of Rockley
Viaduct. Saltmarsh dieback and sedimentation within the harbour, since partial
enclosure do not appear to have markedly changed the shoreline.

Environmentaj sensitivity

The playing fields and sandy parts of the shoreline attract local visitors.
Around the edge of the playing fields are fine views of the natural marshiands
environment. Small craft are moored along the eastern shore.

The marshes display a natura! transition from brackish saltmarsh to wet heath-
land and mixtures of plant species from both biotopes occur (Gray, 1985).
These marshlands are habitats for important populations of birds and are pait
of the Poole Harbour biological SSSI.

Consequences of "do nothing"

The frontage of Unit 14 is currently effectively managed with a "do nothing"
strategy and there will be no adverse effect if this strategy is continued in
future,
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5 Management options and recommendations for
future action

5.1 Introduction
in this chapter an assessment is made of the various alternatives for protecting
the frontages within the Management Units identified in Chapter 4.

For some Management Units no serious problems have been identified and
the course of action which is appropriate is continued maintenance of the
defences, together with an appropriate level of monitoring. For such
Management Units where the "minimum maintenance approach” is appropriate
a brief description of monitoring requirements is given here, under the fitle
"Management Pian".

In a number of Management Units, problems have been identified which
require remedial action. For these Units we have carried out an "Assessment
of Defence Alternatives” before going on to the "Management Plan™. The
assessment has been carried out using a multi-criteria analysis. This should
not be confused with a cost-benefit analysis which Is carried as parnt of an
actual design procedure.

A multi-criteria analysis is a technique which Is used to assess the
effectiveness of various options under various "performance criteria®. These
criteria assess the relative importance of various aspects of a coastal
protection scheme, such as standard of protection, cost, impact on the
environment, benefit to amenity etc. In a multi-criteria analysis these aspects
are synthesized to provide reasoned decisions for selecting the best option(s)
which provide the greatest overall benefit. This technique is essentially a
qualitative one, which relies on feedback from the client and other interested
parties with regards to the performance of value of the various criteria. Indeed
quite often feedback from the client may result in additional criteria being
considered and on repeating the analysis it is possible fo produce an
alternative assessment (perhaps with a different outcome).

In the multi-criteria analysis, various aspects of a scheme are compared
against each other and ones which are deemed to be the most important have
this reffected by using a higher weighting in the overall analysis.

The procedure used is best illustrated by considering as an example Unit 1
(sub-sections 1-9) at the east end of the Poole frontage within Poole Bay.
Here the chosen criteria and their weighting are illustrated in Section 5.2.1
under the title "Comparative weighting of criteria”. On this particular section
of coast the most important aspect (Criterion A} is the protection of the coast,
this being the prime function of the existing or future coastal defence works.
Other criteria which rank high in importance are capital cost (Criterion B) and
maintenance cost (Criterion C). Other important criteria include the impact of
the defences on beach levels in front of them (Criteria D). For example, there
is little point in constructing a massive seawall, which gives total protection, but
which resuits in a dramatic loss of beach and hence reduces amenity and/or
the future safety of the wall. Another important criterion (Criterion E) in Unit 1
is the impact a coast defence would have on adjacent beaches. A massive
groyne system or system of offshore breakwaters may, for example, result in
a local improvement of beach levels, thus giving additional protection to any
existing coastal defences. Such a system might be useful in prolonging the

96 EX 2881 08/02/95



hy

life of old seawalls but may exacerbate the situation elsewhere. The impact
of such a system on the adjacent beaches needs to be carefully judged, since
the improvement of beach conditions by such structures may merely result in
the problem being shifted to adjacent areas by changing the patterns of littoral
drift, This criterion is particularly important on open siretches of coast subject
to relatively high rates of transport. Another criterion which has relevance o
an amenity beach (Critetion F) is that of public acceptance. Finally there is the
aspect of environmental impact {Criterion G), which may or may not be
relevant to open coast beaches heavily used by the public but has
considerable Importance in muddy semi-sheltered areas which are usually
important habitats for flora and fauna.

In order to obtain a comparative assessment of these ctiteria their relative
importance Is determined by giving them a weighting as follows:

The criteria are set out in rows and columns and if the criterion in a row is:

- more importance than the criterion in the column then the score =2
- equally important than the criterion in the column then the score =1
- less important than the criterion in the column then the score ={

Having compared all the criteria against each other in this way the numbers
in each row are totalled (horizontally) to arrive at a ranking of importance by
which to judge the various coastal defence options.

For the east end of Unit 1 the coastal defence options which have been
considered are:

Option 1 Repair existing seawall and groynes.

Option 2 Upgrade existing seawall to give a higher standard of protection
against backshore erosion and repair groynes.

Option 3 Renourish the beach and replace groynes by more effective ones
(ie ones able to hold the nourishment material effectively).

Option 4 Protect the beach and hence prolong the life of the existing seawall
by means of a series of detached offshore breakwaters.

Option 5 Remove existing groynes and install beach drainage system.

Various scoring systems were examined during the study, but for the sake of
simplicity a system with positive integer scores on a scale from 0 to 10 was
finally adopted. The disadvantage of this system is that a relatively small
difference in scores can reflect a significant difference in option suitability. The
method does, however give a clearly understood means of ranking scheme
options. The scores of each option with respect to each criterion (A to G) are
then multiplied by the relative importance (or weight) of each criterion to give
a number which reflects the weighted performance of each option. This
procedure is ilustrated for the east end of Unit 1 by the table with the heading
"Options™.

Having carried out this assessment for the various units, a Management Plan

is then drawn up. A summary of the Management Plan is shown
diagrammatically in Figure 5.1 which indicates priorities of future works.
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5.2 Unit 1 Sub-sections 1 -9 Poole Bay - cliffed frontage

5.2.1 Assessment of defence alternatives
Problem ; Low beach levels give rise to wave overtopping and possibility
of cliff toe erosion,
Constraints : Beach is continuous hence coastal defences may have a
knock-on effect. Sand beach has a high amenity value.
Foreshore is exposed to wave activity and has a low ecological
sensitivity. Wave induced longshore drift is high.
Comparative weighting of criteria
Criterion A D E F G Fotal
A. Protection of coast - 2 2 2 2 2 2 12
B. Capital cost 0 - 1 2 1 2 7
C. Malntenance cost 0 1 - 1 2 1 2 7
D. = Impact on beach levels 0 1 1 - 1 2 2 7
E. Impact on adjacent beaches 0 0 ¢ 1 - 1 2 4
F. Public acceptance 0 1 1 0 1 - 1 4
G.  Low environmental impact ¢ 0 0 0 0 1 - 1
Defence alternatives:
Option Description
1 Repair existing seawall and groynes
2 Upgrade existing seawall and repair groynes
3 Renourish the beach and replace groynes
4 Protect beach by offshore breakwater
5 Remove existing groynes and install beach drainage system
Comparative assessment of defence alternatives
Criterion Wi 1 2 3 4 5
A.  Protection of coast i2 8 8 7 i} 5
B.  Capital cost 7 6 a 6 3 8
C. Maintenance 8 7 6 6 5
D Impact on beach 3 4 8 8 8
lovels
E. Impact of adjacent 4 5 5 8 5 8
beaches
F.  Public acceptance 4 7 &
G.  Low environmental 1 5 5
impact
268 243 294 215 267
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5.2.2 Management plan

At present the frontage is adequately protected by the existing seawall and
groynes, However, there is a localised damage to the promenade decking and
the timber groynes show signs of wear and tear. The costs of maintaining an
adequate defence standard will rise in the future should beach levels fall.

The frontage has a shortfall in sand supply, with groynes on the Bournemouth
frontage being more substantial and better stocked with beach material. There
is also a deterioration in beach conditions at the western end of the frontage
and the problem of falling beach levels is spreading east. It is likely that at
some stage in the future beach levels along this frontage (sub-sections 1-9)
will also fall.

A comparative analysis of five defence options indicates that renourishment,
together with groyne replacement is the best option. Beach nourishment has
the advantage of providing a supply of material to downdrift beaches also,
thereby providing additional pretection for adjacent beaches.

Construction of offshore breakwaters can be ruted out on a number of counts,
including high cost and adverse impact to adjacent beaches (material will tend
to migrate into the lee of such structures). Upgrading the existing seawall and
repairing the existing timber groynes is not a favourable solution for the long
term because of high cost and because it does not deal with the underlying
problem of beach loss. Repalring the existing sea wall and groynes is a
similar option and one that may be acceptable in the short term, but again
does not address the problem of beach lowering. Removal of the existing
groynes and installation of a beach drainage system is attractive from an
amenity viewpoint, but the standard of protection it will provide is uncertain.

It is recommended that for the present time, maintenance repairs to the
existing seawall and groynes should be continued. The existing programme
of beach monitoring at two monthly intervals should be continued in order 1o:

(i) identify rates of beach loss;
(i) identify erosion hot spots;
(iii) determine the effectiveness of the existing groyne system.

When sufficient data has been collected to identify beach trends, plans should
be drawn up for nourishing the coastline and replacing the existing groynes.
It may be necessary to carry ouf additional studies in the meantime, io
examine:

(i) nourishment efficiency;
(i) behaviour of timber as compared with rock groyne designs.

5.3 Unit 1 Sub-sections 10 - 12 Poole Bay - Sandbanks
peninsula

5.3.1 Assessment of defence alternatives
Problem : Threat of breaching at neck of Sandbanks peninsula.

Seawalls protect much of the frontage but there are also
stretches of duned backshore at the western end of the
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frontage which are at risk of erosion. Defences are in poor
condition.

Constraints :  Beach is continuous hence coastal defences have a strong
knock-on effect. Sand beach has a very high amenity value.
Wide sand foreshore has a low ecological sensitivity. Area
relies on mobile nearshore banks for protection against water
attack; at present their sheltering effect is considerable. Wave
induced alongshore drift is moderate to high. There is
evidence of recent beach erosion which is probably due to the
deepening of the East Looe channel.

Comparative weighting of criteria

Critarion A B D E F G | Total
A, Protection of spit - 2 2 2 2 2 2 12
B.  Captital cost 0 - 1 1 1 2 6
C. Maintenance cost 0 1 - 1 1 1 2 6
D.  Impact on beach levels 0 1 1 - 1 1 2 6
E. Impact on adjacent beaches 0 1 1 1 - 2 2 7
F.  Public amenity 0 1 1 1 0 - 1 4
Q. Low environmental impact 0 ¢ 0 0 1 - 1

Defence alternatives:

Option Description

1 Upgrade existing sea defences and infill gaps

2 Provide rock protection in gaps

3 Renourish the beach and re-establish groynes

4 Protect spit neck by offshore breakwaters

5 Beach nourishment and beach drainage

Comparative assessment of defence alternatives
Griterion Welght | 1 2 3 4 5
A.  Protsction of spit 12 8 7 7 6 6
B.  low capital cost 6 7 8 8 2 8
C. Low malntenance cost 6 8 7 7 8 6
D.  Low impact on beach levels 6 4 5 8 6 8 :!
E.  Low impact on adjacent 7 5 [ 8 3 8
beaches
Public amanity 4 6 5 8 3 8
G.  Low environmental impact 1 5 5 5 5 5
274 271 315 194 297
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5.3.2 Management plan

The wide sand beach in this area is showing signs of erosion with falling
beach levels during the winter of 1893/4 having shown no signs of relenting
despite the very calm weather during the summer of 1994, There is a threat
of breaching taking place through the narrow neck of the Sandbanks
peninsula. Historic evidence shows that construction of groynes in the past
had a dramatic impact on the beach considerably increasing the width of the
foreshore. The groynes have subsequently fallen into disrepair and are now
an amenity hazard.

The coastal defences are not continuous and upgrading these would invoive
major capital investment. Protection by offshore breakwaters can be
discounted because of high capital cost, bad impact on beach amenity and
uncertain performance. An alternative would be to infill the gaps in the existing
defences, by relatively low cost rock revetment protection. However, such a
course of action could seriously damage the few remaining sand dunes at the
west end of the frontage and may be unacceptable from an environmental
viewpoint. An alternative is to renourish and re-establish groynes in this area
also, and this is our preferred option.

Installation of a beach drainage systern, In association with beach
nourishment, will preserve the attractive, unobstructed character of the beach.
Relatively sheltered wave conditions, low tidal flows and low tidal range are
suitable for the system. However, beach drainage is as yet unproven on UK
beaches and cannot be recommended without further study or pilot scheme.

It is recommended that beach monitoting should be continued at two monthly
intervals ‘as a continuation of the monitoring of the frontage to the east.
Profiling should include transects through dunes sections so as to monitor pre
and post-storm behaviour of the backshore.

Because of the deteriorating condition of the beaches, plans should now begin
to be drawn up for Improving the protection provided to the backshore
defences. The most favoured option is beach renourishment or other forms
of beach improverent, since this provides a natural protection against the sea,
and will prolong the fife of existing seawalls which only give a low standard of
protection.

5.4 Unit 1 Sub-sections 13 - 16 Poole Bay - Sandbanks
head

5.4.1 Assessment of defence alternatives

Problems : Low and rapidly falling beach levels at the head of the
Sandbanks peninsula. Complex interaction of waves and tidal
currents plus changing bathymetry make beaches unstable.
Sea defences reflect waves and destabilise beaches. Threat
of seawall undermining at west end of frontage.

Constraints :  Deep water and rapid tidal flows close inshore make it
impractical to hold beach levels by detached breakwaters.

- Traditional groynes may be ineffective in retaining beach

material. Access difficult hence amenity value is reduced.

Ecological sensitivity probably low. Nourishment material may
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be dispersed into harbour or to adjacent coast via the East
Looe Channel, which Is very close to the shoreline at this

point.

Comparative weighting of criteria

Criterion A B c E F G Total
A.  Protection of backshore - 2 2 2 2 2 11
B. Capital cost o - 1 2 2 2 7
C. Malntenance cost 0 1 - 2 2 2 7
D.  impact on beach levels 1 2 2 2 2 2 11
E. Impact on adjacent beaches 0 0 0 - 1 2 4
F.  Public amenity 0 ¢ 0 1 - 1 2
G.  Environmental impact 0 0 0 ¢ 1 - 1

Defence alternatives:

Option Defence

1 Upgrade existing defences

2 Provide rock berm in front of existing defences

4 Construct rock groynes and nourish beach

5 Reconstruct existing defences

Comparative assessment of defence alternatives
Criterion Waeight 1 2 3 4
A, Protection of Backshore 11 8 7 6 9
B.  Low capital cost 7 6 7 5 3
C.  Low maintenance cost 7 6 & 5 8
D.  Low impact on beach levels 11 3 4 7 3
E. Low impact on adjacent beaches - 3 5 5 7 5
F.  Public amenity 2 4 4 8 5
G.  Low environmental impact 1 5 5 6 5
233 240 256 239

5.4.2 Management plan

The narrow sand beach is very volatile, with beach levels varying by up to 1m
between surveys. The instability is the result of a complicated nearshore
bathymetry with major shifts in sand banks and nearshore channels taking
place in this area. The presence of deep water and rapid tidal currents in the
East Looe Channel removes sand in suspension from even the upper part of
the beach. This is leading to beach instability and permanent sand losses.

Recently beach levels have fallen so dramatically that there is now a danger
of the seawalls becoming undermined during storm drawdown.

A comparative analysis of four possible defence options indicates that
provision of a rock berm at the toe of the existing seawall to reduce beach
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scour plus the construction of rock groynes pius sand nourishment are very
much more favourable than any "hard defence® options. Upgrading or
reconstructing sea defences may only be expected to provide backshore
protection in the short term.

It is recommended that beach monitoring at two-monthly intervals should
continue. In an ideal world the effect of the present emergency rock protection
would be assessed before furiher works are put in hand., However, the last
four years have seen considerable deepening of the East Looe Channel and
the beach in this area is now virtually the "side slope” of the Channel. Rapid
beach losses which occurred following the removal of several old groynes
have not been made good following the subsequent reconstruction of a
massive rock groyne of the "fish tail" type which was built east of the Haven
Hotel. It is recommended that plans for additional protection to this frontage
should be put immediately into action. [t is possible that further lowering will
occur, and that the emergency rock protection at the toe of the sheet steel wall
will slump further or may completely disappear into the beach. Under these
conditions undermining of the seawalls within the next one or two years could
oceur,

It is also recommended that a hydrographic survey as patt of design studies
for further protection be put in hand. Cur recommendation is that additional
rock groynes should be considered, as a means of deflecting the rapid tidal
currents away from the beach.

It may also be necessary to examine other ways of stabilising the frontage
possibly by means of detailed modelling and cost benefit studies. The existing
tidal flow model will be useful in achieving an optimum design since our study
has shown that currents rather than wave action are the primary cause of
beach destabilisation.

55 Unit 2 Haven Hotel to North Haven Point

5.5.1 Assessment of defence alternatives

Problem ; Privalely constructed walls of varying condition protect the
head of Sandbanks spit. Wave actlion and strong tidal currents
mobilise beach material very easily and as a result beaches
are submerged at virtually all tidal states. Channel migration
could lead to sudden bed level changes and possible wall
undermining.

Constraints : Private frontage which has little public usage and low
ecological sensitivity. There may be local opposition to any
large scale defences, particularly if these affect the frontager’s
boat usage. Seawall reconstruction or repair may be made
difficult by the exposure and degree of submergence of the
foot of the defences. Wave and current induced longshora
transport Is low.
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Comparative weighting of criteria

Criterion A B c D E F G | Total
A.  Protection of backshore - 2 2 1 2 2 2 11
B. Capltal cost ¢ - 1 1 2 1 2 7
C. Maintenance cost 0 1 - 1 2 1 2 7
D. Impact on beach levels 1 1 1 - 2 2 2 9
E. lmpact on adjacent beaches 0 o 0 ¢ - 1 2 3
F. Disturbance to boat use o 1 1 0 1 - 1 4
G. Environmental impact 0 0 0 0 0 1 - 1

Defence alternatives:

Option Description

1 Repair existing walls/footings

2 Protect existing walls with rock toe

3 Hold beach levels by groynes

4 Reconstruct seawalls

Comparative assessment of defence alternatives
Criterion Welght 1 2 3 4
A Protection of backshare 11 8 6 5 8
B Low capital cost 7 4 6 5 2
C. Low maintenance cost 7 8 7 5 9
D.  Low impact on beach levels 9 5 6 6 5
E Low impact on adjacent beaches 3 5 5 5 4
F Low disturbance to boat use 4 8 6 4 3
G Low environmental impact 1 5 5 5 5
269 255 215 239

5.5.2 Management plan
The condition of the defences along this frontage is very variable, the seawalls
having been privately constructed at various times in the past.

Wave overtopping poses a nuisance rather than a serious threat fo the
properties as the backshore generally rises landward from the seawalls.

A comparative assessment of defence options suggests that repairing the
existing seawalls as and when necessary Is the most economical and probably
an acceptable solution. Addition of concrete footings may be necessary in
certain areas also. Large scale reconstruction of the defences to a common
standard of protection cannot be justified on the grounds of very high cost set
against a relafively low return, as regards increased protection. Alternative
options involving alteration to the toe at the walls {eg rock toe protection) or
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groyning of the foreshore probably have little economic justification and would
also seriously disrupt water front usage.

The stability of the seawalls is to a large degree dependent on the foreshore
levels being maintained. Any migration of tidal channels could pose a threat
to the stability of the defences. It is thus recommended that the hydrographic
survey recommended for the western end of Unit 1 should be extended to
encompass Unit 2 also. Should there be any evidence of landward migration
of tidal channels then the hydrographic surveys may need to be repeated, say
after a year, to check that the sea defences are not endangered.

In view of the varying condition of the defences an inspection of their siructural
integrity needs to be carried out on an annual basis,

5.6 Unit 3 North Haven Point to Whitley Lake

5.6.1 Management plan

The frontage is protected by privately constructed seawalls and the foreshore
is also intersected by groynes in several places. While the condition of these
defences is variable Is seems unlikely that anything but localised damage to
the defences is likely to occur in the space of the next ten years. Wave
exposure from the north-east is relatively mild and properties are not
threatened by serious overtopping or backshore erosion.

No capital works are presently envisaged. However given the variable
condition and character of the defences it is recommended that an annual
inspection should be made of each of the sub-units identified by Poole B. C.
A number of groynes and marinas also provide reference points for
photographic evidence of beach build up / erosion at these locations.

5.7 Unit 4 Whitley Lake
5.7.1 Assessment of defence alternatives

Problem : Seawall is low and the Banks Road and Shore Road are
occasionally overtopped, preventing vehicular access.

Constrainis : Seawall is old and its wholesale reconstruction will be costly.
Reconstruction could also impact on the saltmarsh which is
undergoing biological degeneration. Frontage attracts tourists
and wildiife alike. Foreshore is important for craft mooring,
sallboarding and other water recreations. Area has a high
ecological sensitivity,.  Sand nourishment may smother
saftmarsh. Littora! drift in this area is low and to centre of bay.

105 EX 2881 08/02/95



Comparative weighting of criteria

Criterion A B G D E F G Tot
al
A Protection against flooding - 2 2 2 2 2 2 12
B  Capital cost 0 - 1 2 2 1 1 7
C  Maintenance cost 0 1 - 2 2 1 1 7
D Impact on foreshore 0 0 0 - 2 2 1 5
E impact on adjacent coast 0 0 o 0 - 1 1 2
F  Public acceptance 0 1 1 0 1 - 1 4
G Environmental impact 0 1 1 1 1 i - 5

Defence alternatives:

Option Description

Reconstruct existing wall
Nourish backshore

oD =

Repalr.and raise existing wali

Add rock berm to tow of wall

Comparative assessment of defence alternatives

Criterion

Welght

Protection against flooding
Low capital cost

Low malntenance cost

Low Impact on foreshore

Low impact on adjacent coast

Public acceptance

@ m m o o o P

Low environmental impact
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5.7.2 Management plan

288

287 26t 264

The road linking the Sandbanks peninsula with the rest of the Borough will
continue to experience occasional flooding. To date such flooding has not
posed a serious threat to properties but has caused major disruption for
vehicular access to the peninsula.

Older sections of the seawall are now in poor condition and collapse of these
walls would constitute a serious threat of erosion at the narrow neck of the

peninsula.

While beach levels are low at the southern end of this frontage they appear to
be stable, hence serious overtopping is only likely to occur during a
combination of high tidal levels and extreme westerly or southwesterly winds.
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Examination of the various options for preventing the onset of serious
overtopping indicates that the situation can be remedied effectively in a
number of ways.,

Renourishment of the backshore is attractive at first sight on the grounds of
improved public amenity, but against this there is the potentially damaging
impact on the small area of surviving saltmarsh in the centre of the bay, which
could become smothered by the nourishment material either as a result of
wave action or by strong winds. This option is probably least effective under
extreme tidal conditions as a high beach cannot be guaranteed following a
series of severe storms, for example,

The addition of a rock berm in front of the wall would prolong its life by
reducing the hydraulic loads imposed upon it during high tidal levels and storm
wave action. However, there would be no improvement in public amenity and
no environmental "gain”.

A scheme Involving a major reconstruction of the existing seawall scores highly
in terms of affording a high level of protection for many years to come as well
as low maintenance cost (the climate in the area is not paricularly severe).
However reconstruction will inevitably cause disruption to the upper foreshore
and may also resuli in an adverse impact on the remaining saltmarsh area.

The most aftractive solution of repairing and raising the existing seawall scores
highly on the grounds of providing a high level of protection in future years at
relatively low capital cost. [f is also unlikely to have any detrimental impact
with the regard to amenity and environmental issues. Parts of the existing
seawall have in fact been refurbished during the course of the present study.
The need for raising the seawall crest in areas of overtopping should however
be given consideration also.

it is recommended that the foreshore should be monitored by annual visual
inspections, the incidence of overiopping monitored and the disruption of traffic
assessed. A full structural survey of the existing wall should also be made, if
this has not already been carried out.

5.8 Unit 5 East Dorset Sailing Club to Salterns Marina
5.8.1 Assessment of defence alternatives

Problem : Steep cliffs of Branksoms Sand were eroding before the
construction of a promenade wall at their base. The concrete
promenade deck is fronted by plastic coated wire gabions
which are rapidly reaching the end of their useful life. The
promenade leve! is also too low to prevent overtopping. There
is thus a danger to pedestrians and to the stability of the cliff
behind if nothing is done soon.

Constraints :  North of the promenade the frontage is protected by piecemeal
privately constructed defences. The presence of a sewer
outfall at their toe poses constraints with regard to coast
protection. At present coastal defences should be
concentrated on the promenade, but may need to be extended
northwards in future years. The flat sandy/muddy foreshore is
used extensively by balt diggers and the area is popular with
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small craft users. Defences which intrude significantly onto the
foreshore should avoided. Littoral drift in this area is very low.

Comparative weighting of criteria

Criterion A B G D E F G | Total
A.  Protection of cliff toe - 2 2 2 2 12
B.  Capital cost 0 - 1 2 2 1 1 7
C.  Maintenance cost o 1 - 2 2 1 1 7
D.  Impact on foreshore 0 0 0 1 - i 1 3
E. Impact on adjacent coast 0 0 0 1 - 1 1 3
F. Public acceptance 0 1 1 1 1 - 2 6
G.  Envirocnmental impact 0 1 1 1 1 0 - 4

Defence Alternatives:
Option Description

Repair gabions

Replace gabions by rock toe
Nourish and groyne the foreshore
Reconstruct promenade

P N =

Comparative assessment of defence alternatives

Criterion Welght 1

Protection of cliff toe 1z
Low capital cost

Low mailntenance cost

Low Impact on foreshore

Low Impact on adjacent coast

Public acceptance
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Low environmental impact

202 289 251 289

5.8.2 Management plan

The eastern part of Unit 5 has a promenade protected by gabion baskets on -
its seaward side, and backed by high unstable cliffs. To the west the frontage
is protected by private seawalls, some of which are in a poor condition but
which nevertheless are considered to give an adequate level of protection for
the next ten years. However, the gabions on the promenade frontage are
reaching the end of their useful life and defences here need reinstatement in
the next one or two years.

The options for protecting the promenade range from reinforcement of the
gabions or their replacement, provision of a sand beach as a buffer zone, or
total reconstruction of the promenade. A number of other options were also
considered and disregarded at the initial stage of studies. Offshore
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breakwaters for example were considered {o be an inappropriate solution and
which would seriously affect water based leisure activities in this area.

The option of repairing the gabions has been considered in the multi-criteria
assessment because of low cost, but is considered to be the least favourable
solution because of high maintenance costs and susceptibility to damage or
indeed total coliapse during an extreme event.

Renourishment and groyning of the foreshore is at first sight an attractive
solution. However, this tog, Is considered to be liable to give an unacceptably
low level of protection during extreme storms.

Reconstructing the promenade with a concrete seawall is considered to be a
promising alternative given the general low level of wave activity in the area
{as evidenced by the lack of serious erosion infront of the private seawalls at
the west end of the frontage). This, however, is an expensive option,

Replacing gabions by a rock toe is the option which provides the best balance
between an acceptable level of protaction, moderate costs and a relatively low
impact on foreshore conditions. Protection by means of rock armouring has
already proved to be a good solution to coastal erosion elsewhere in the
Borough (eg west of the Baiter, Parkstone Bay, Holes Bay).

It Is recommended that the costs of reinstating the seawall and providing rock
protection should be examined within the next year with a view to
implementing a solution to the problem within the next two years.

5.9 Unit 6 Salterns Marina to Parkstone Yacht Club

5.9.1 Management plan

With the exception of Blue Lagoon the shorefront properties in Unit 6 are
protected by privately constructed seawalls. These walls are in varying
degrees of repair. They have been upgraded by the frontage owners over the
years and are uniikely to suffer sudden collapse. Although wave overtopping
will continue to take place on a regular basis the propetrties are not at risk of
flooding because most rear gardens slope upwards from the shoreline.
Collapse of the defences is unlikely to take place within the next ten years.

An inspection of the condition of the walls and the foreshore itself should be
cattiad out on an annual basls fo ensure that the walls continue to maintain an
adequate level of protection against coastal erosion.

The waterfront properties within Biue Lagoon are only lightly protecied but are
at a relatively low risk to erosion. The bar across the entrance to Blue Lagoon
provides shelter against wave activity at all stages of the tide. Because of the
poor state of repair of the structures surmounting this bar, the level of
protection within Blue Lagoon may fall within the next ten to fifteen years. It
is recommended that as well as the annual shoreline inspection a detailed
examination of the bar should also be carried out, but on a less frequent basis,
say every three years.
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5.10 Unit 7 Parkstone Bay and Baiter Park

5.10.1 Management plan

Most of the shoreline within Parkstone Bay and around Baiter Park consists
of reclaimed land and the majority of the frontage is now protected by a variety
of revetment types {rock, armour, concrete blocks, masonry etc). Some
stretches of revetment, particularly the older masonry protection situated within
Parkstone Bay, are in need of regular maintenance, However, there is little
likelihood of sertous damage or collapse taking place within the next ten years.
The remaining eroding section of earth bank at Baiter Point has recently been
protected.

At the head of Parkstone Bay there is a short stretch of unprotected shoreline.
Due to the shelter against wave action and relatively high foreshore levels this
sirefch is naturally vegetated and stable. An increase In still water levels due
to extremely high surge levels could result in-some flooding of the backshore
making the footpaths a temporarily unusable. However there is presently no
justification for "upgrading" the coast defences in this area.

An inspection of the condition of the various defences should be carried out
to ensure that they continue to maintain an adequate leve! of protection
against coastal erosion and flooding. Incidents of overtopping should be
recorded in order to verify the standard of protection afforded by the defences.
The remaining unprotected frontages should be carefully monitored to detect
evidence of erosion.

5.11 Unit 8 Town Quays

5.11.1 Management Plan

The Town Quay which is situation in the historic centre of Poole is an integral
part of the charm of the area. The frontage has been reclaimed over a
number of years and quay walls have been constructed to provide access to
the quayside at all stages of the tide. This frontags is the responsibility of the
Poole Harbour Commissioners, as a commercial port. QOvertopping at Town
Quay Is a regular occurrence, as a result of the low freeboard and deep water
location of these walls at high tide. Flood and spray damage is a risk and
could pose a threat to pedestrians. Fisherrnan’s Quay to the east is a
particularly low area and is occasionally overtopped, but is sheltered from
direct wave attack by the detached rock breakwater. North of the Town Quay
and within the Back Water Channel there are a number of quays which are in
a poor condition but which are not affected by overtopping due to their
sheltered location. These walls should be repaired so that there is no danger
of local collapse affecting the integrity of adjacent structures.

To achieve a higher level of flood protection would require raising wall levels
over virtually the whole frontage. The risk of flooding which has been
identified is involved in the National Rivers Authority capital works programme
for this area. Preliminary proposals comptrise construction of a flood defence
wall between the footpath and the road.

In addition to flood defence works, it is recommended that a warning system
should be instigated to ensure that no danger to cars using the area for
parking fakes place and that the danger to pedestrians is eliminated. Plans
should be made to restrict access to the area if severe flood events are
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forecast. Synthetic wave information can be produced from wind data and this
linked to tidal gauge information should form the basis of an early warning
system. It Is recommended that as part of this system the extent and
frequency of flooding should be monitored and entered onto a computer
database. The events leading to floeding should be “hindcast” using this
information and the reliability of the system thus monitored and upgraded K
necessatry.

5.12 Unit 9 Eastern Holes Bay

5.12.1 Management Plan

The reclaimed frontage forming the shoreline on the east side of Holes Bay Is
protected by a rock armour revetment. This revetment is sufficiently high and
comprises sufficiently large armour rock so as to provide an adequate standard
of protection in the foreseeable future (certainly for 10 years or mors).

The flat foreshore on the eastern side of Holes Bay consists of mudflats and
remnants of saltmarsh (the latter suffering from biological degeneration or so-
called dieback}). The intertidal zone is an important area for wading wildfowl.
Despite the mudflats being relatively impoverished with regard to invertebrate
fauna these mudflats, saltmarshes and the surrounding areas of reclaimed
land support a large bird population.

While the defences in the area requite liltle attention beyond an annual
inspection, the strip of land between the shore and the road will require
considerable attention 1o improve its amenity value. fn view of the amount of
bird life using this area, clearing up debris from the foreshore and judicious
planting with appropriate trees and shrubs would yield considerable dividends
both from an environmental and amenity viewpoint.

Discharge of industrial effluent at the southern end of the frontage has been
identified as an environmental concern in the past. This discharge has now
been curtailed and the levels of poliution within Holes Bay now appear to be
within acceptable limits.

5.13 Unit 10 North Holes Bay

5.13.1 Management Plan

The northern part of Holes Bay is almost completely enclosed by the railway
viaduct and comprises a very sheitered environment. The shoreline is fronted
by exiensive sallings which, unlike other areas, appear to have been
unaffected by biolegical degeneration, probably because of the lack of
"hydrodynamic stress” in this sheltered location, There is also no evidence of
any coastal erosion,

The east part of the shoreline has been reclaimed for the construction of the
A350 road. The embankment is very high and not unaffected by surge levels.
There is an amenity area at the foot of this embankment with a footpath
skirting the shoreline. Riprap protection to the edge of the path is in poor
condition as much due to the small rock size as due to impact by wave action.
Recovering the stone and replacing it at the footpath edge would improve the
appearance of the area. There is also some scope for improving the visual
appearance by tree planting, filling in of waterlogged depressions etc.
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However, as far as coast protection is concerned little is needed beyond an
annual or biannual inspection of the frontage.

The west part of the shoreline comprises agriculture land which unaffected by
shoreline erosion or serious flooding. There is no necessity for works to be
carried out in this area but the shoreline should be inspected on a biannual
basis.

5.14 Unit 11 Western Holes Bay

5.14.1 Management Plan

Much of the western shore of Holes Bay has bean developed for industrial and
housing purposes. The land which has been reclaimed has generally been
ralsed above the level of the saltmarsh, and there is litile interaction between
the two, in what is a very sheltered environment. There is no evidence of any
coastal erosion. Large areas which have been developed for housing in recent
years have been done so sympathetically. For example, the greensward
between the houses and the saltmarsh fringe is now a valuable amenity.

The greatest disturbance to the foreshore is the result of marina development
and the setting out of moorings on the fringes of channels. Boat wash has
caused some damage 1o the salimarsh, though on a minor scale.

Further south, industrial areas are being dismantled, noticeably the Power
Station which lies on the west shore of the Back Water Channel. Until plans
for redevelopment of this area ara finalised little can be said as to the future
coast protection requirements of this particular length of fronfage.

In general, however, there is litfle need for intervention in the area and no
upgrading of the defences in the areas used for housing development for the
next ten years,

With regard fo the southern end of the frontage which is earmarked for
redevelopment it will be necessary to carry out further, more detailed studies
of the tidal regime and of the ability of the new defences to withstand wave
overtopping or erosion. This can be carried out with the models prepared
during the course of this strategy study.

5.15 Unit 12 Hamworthy Quays

5.15.1 Management Plan
All of the shoreline in this Unit has been reclaimed and comprises various
quays, matrinas and other commercial frontages. The Hamworthy Quays are
the responsibility of the Poole Harbour Commissioners, as a commercial port.
Construction of these quays in conjunction with dredging means that the
foreshore is now submerged at all tidal stages. The seabed is now subject to
high tidal currents and the guayside is also exposed 1o considerable wave
“activity. Thus, although being considerably higher than the Town Quay, the
commercial quays in Unit 12 do occasionally suffer wave overtopping.
However, the overtopping discharges are rarely sufficiently high to disrupt
commercial activities. The frontage is expected to maintain an adequate level
of protection against flooding or erosion for at least the next ten years. Poole
Harbour commissioners monitor and maintain the sections of Hamworthy Quay
for which they are responsible.
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The impact of any planned redevelopment of the southern part of Unit 11 on
conditions at the quaysides of Unit 12 can be studied by models of numetical
models of waves and tidal flows, which have been developed during the
course of this study.

5.16 Unit 13 Lower Hamworth Marina to Rockley Viaduct

5.16.1 Assessment of defence alternatives

Problems : The frontage is relatively stable with the exception of the high
cliffs of Bagshot Sands at the west end of the frontage. Where
these cliffs have been protected the foreshore is narrow and
has clay exposed on the surface. By comparison where cliff
erosion has been allowed to continue there is a wide sand and
shingle beach.

Constraints : There is a serious conflict between tourist and ecological
interests at Rockley, Rockley Park Is a popular caravan site.
The adjacent cliffs and heathland form an important local
naiure reserve. Protection of the cliffs has a detrimental effect
locally and at the coast fo the west. Littoral drift is low but
strongly unidirectional, from west to east.

Comparative weighting of critetia
Criterion A B C D E F G Total
A Protection of cliffs - 2 2 1 1 2 2 10
B Capiltal cost o 1 1 1 2 2 7
C Maintenance cost 0 1 1 1 2 2 7
D Impact on foreshore 1 1 1 - 1 1 1 6
E Impact on adjacent coast 1 1 1 1 - ] 1 6
F Public acceptance 0 0 0 1 1 - 1 3
G Low environmental impact 0 0 0 1 1 1 - 3

Defence alternatives:

Option Description

BN -

Reinstate gabion revetment
Reinstate gabions by rock toe
_Nourish and groyne frontage
Remove gablons and relocate caravan (managed retreat)
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Comparative assessment of defence alternatives

Criterion Walght 1 2 3 4
A Protection of cliffs 10 6 7 6 2
B Low capital cost 7 8 8 5 9
C Low malntenance cost 7 2 8 5 10
D Low impact on foreshore 6 4 5 8 7
E Low impact on adjacent coast 6 4 5 7 7
F  Public acceptance 3 5 5 7 4
G Low environmental Impact 3 4 5 B 8
191 258 259 273

5.16.2 Management Plan

The relatively long frontage of Unit 13, although subdivided by groynes, jetties
and maring walls comprises a continuous littoral cell in which adjacent sections
of beach interact.

The eastern end of the Unit constitutes low lying land, reclaimed to form a
popuiar recreation area. [t is protected by a low concrete seawall/promenade
and has a wide artificial beach intersected by several timber groynes.
Overtopping which occurs occasionally only affects the recreational ares itself
and there Is little risk to properties which are situated well to the landward of
the recreational ground. The beach material appears to be relatively stable
and the situation here could be improved by adding further quantities of sand
or fine gravel. At the same time the short frontage towards the marina, which
is protected by old walls and having an unprepossessing foreshore of mud
could also be improved by nourishment and groyning.

Further west, private houses, a marina and the Royal Marines base back
directly on to the shore. The structures along this frontage afford a reasonable
level of protection and no major work is expected to be necessary in the next
ten years.

The eastern part of the Unif, Rockley Sands and Ham Common, is formed of
sandy and clay cliffs and stretches of heathland to the rear. This is an
important nature reserve and an area of geological interest. The area is
somewhat despoiled at its west end at the Rockley caravan site. Clifftop
development at Rockley caravan site is expected to be affected by coastal
erosion within the next ten years. The cliff toe at the west of Rockely Sands
is protected by gabions, as are parts of the cliff face itself. The gabions
require regular maintenance, without which their design life would be very
short (very much less than ten years).

Except for the cliffed frontage below Rockley caravan site existing defences
within Unit 13 will continue to provide the existing standard of protection during
the next ten years.

A comparative assessment of various options for protecting the cliffs at
Rockley caravan site has been made and this indicates that the least favoured
option is the reinstatement of the existing gabions, not only because of
expected future maintenance cost but because of the impact that these
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structures have had on the foreshore locally and on the downdrift beaches.
By cutting off the supply of material from cliff erosion the gabions have
resulted in low beach levels and the exposure of the underlying clay which
new outcrops over a wide area. Where cliffs have been allowed to erode
naturally, further east, there is a healthy sand beach and a relatively healthy
lower foreshore.

Reinstating the beach by nourishment and groyning to protect Rockley is also
considered to be a poor option. Sand nourishment would have to be carried
out on a massive scale if cliff toe protection is to be carried out successfully,
Construction of an energy dissipative rock toe, whilst improving the standard
of protection and reducing maintenance requirements, is not favoured because
it will not enhance sediment supply to downdrift beaches.

The favoured option is therefore to remove the gabions while relocating some
of the caravans and allowing the cliffs to erode naturally. This clearly is the
cheapest option and one which is probably the most acceptable from an
environmental viewpoint. It has the advantage of restoring the supply of
material to the adjacent coasts, hence increasing the level of natural protection
to them.

it is recommended that a detailed study should be made to assess the viability
of the managed retreat option and of the impact that this would have on
general usage as well as on the viability of maintaining the caravan park
usage. The possibility of relocating existing caravans or reducing their
numbers should form an integra! part of such a study. An environmental
impact assessment should also be made to determine the affects of managed
retreat on the environmental, attributes of the area. One also needs to take
into account the need to maintain access to the boat facilities at Rockley
viaduct at the western extremity of the frontage. (The access road runs
through Rockley Point caravan site and Is close to the cliff edge in places).
Finally a coastal impact study will be required to determine how much supply
to the beaches will be produced by renewed cliff erosion.

It is recommended that annua! inspections of the whole of Unit 13 frontage
should be made and any maintenance works carried out where necessary to
observe the impact of construction of the marina and other water front
structures on the beaches {o ensure that no serious downdrift erosion
problems develop.

The beaches at Hamworthy Park have in the past been nourished to improve
their amenity value. This scheme is likely o require occasional small scale
top-up operations in the future to maintain the amenity of this small beach.
The presence of healthy beach also protects the concrete promenade. Beach
monitoring will help and planning of top-up operations.

5.17 Unit 14 East Lytchett Bay

5.17.1 Management Plan

The enclosed nature of Lytchett Bay and the small wind fetch in all directions
means that wave action is limited as is tidal current action. The presence of
a sandy beach and some saltmarsh erosion in the south-east of the Bay does
suggest modest wave activity in this area. However, erosion is very local and
the Unit is stable for all intents and purposes, The high saltmarsh content in
the Bay Is an important environmental feature.
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The existing stable coastal environment does not require any protection work
to be made. With the exception of the rallway viaduct there are no coastal
structures which require maintenance. The extent and rate of retreat of the
saltmarsh vegetation should be determined through an annual monitoring
programme.

6 Acknowledgemenis

HR Wallingford gratefully acknowledge the assistance of staff of the Drainage
and Coastal Engineering depariment of Poole Borough Council, in particular
Messrs Ronald Scholes, Stuart Terry and David Duvalle. The cooperation of
Mr Dick Appleton of Poole Harbour Commissioners is also gratefully
acknowledged.

116 EX 2881 08/02/95



hy

7 References

APPLETON R N, 1994. Approach channels to Poole Harbour., Unpublished
paper presented at HR Wallingford seminar on Hydraulic Design of Navigation
Channels, 1 March 1994

BIRD E C F, RANWELL D S, 1964, Spartina saltmarsh in southern England,
IV The Physiography of Poole Harbour, Dorset. Journal of Ecology, 52, 355-
3686

BRAY M J, CARTER D J, HOOKE J M, 1891. Coastal sediment transport
study, Volume 4, Hurst Castle Spit to Swanage. SCOPAC

BRISTOW C R, FRESHNEY E C, PENN | E, 1931. Geology of the country
around Bournemouth. British Geological Survey

CIRIA/CUR, 1991. Manual on the use of rock in coastal and shoreline
engineering. CIRIA Special Publications 83/CUR Report 154.

DYRYNDA P, 1883. Investigation of the subtidal ecology of Holes Bay, Poole
Harbour. Report to the Nature Conservancy Council

DYRYNDA P, 1987. Poole Harbour subtidal survey - IV Baseline Assessment,
Report fo the Nature Conservancy Council

FAHY F M, HANSOM J D, COMBER D P M, 1993, Estuaries management
plans, coastal processes and conservation, Poole Harbour, Repott to English
Nature

GODA Y, 1971. Expected rate of irregular wave overtopping of Seawalls,
Coastal Engineering in Japan, Vol. 17, pp 117-128

GOLDER ASSOCIATES, 1990. Stability of Poole Bay dliffs, Dorset. Repornt
to the Nature Consetrvancy Council

GRAY A J, 1985. Poole Harbour: ecological sensitivity analysis of the
shoreline. Institute of Terrestrial Ecology report to National Environment
Research Coungcil

GREEN F HW, 1840. Poole Harbour. A hydrographic survey 1938-39. Poole
Harbour Commissioners

GREEN F H W, OVINGTON J D, MADGWICK H A |, 1952. Survey of Poole
Harbour, changes in channels and banks during recent years. The Dock and
Harbour Authority

HAGUE R C, 1992, UK South Coast shingle study: Jeoint probability
assessment. HR Report SR 315.

HAWKES P J, 1987. A wave hindcasting model. Advances in underwater

technology, ocean science and offshore engineering, Volume 12: Modelling the
offshore environment, Society for Underwater Technology.

117 EX 2881 08/02/95



hy

HAWKES P J, HAGUE R C, 1993, Validation of joint probability methods for
high waves and high water levels. HR Report SR 347.

HAWKES P J, JELLIMAN C E, 1993. Review and validation of models of
wave generation and transformation. HR Report SR 318.

HENDERSON G, WEBBER N B, 1974-79. Poole/Christchurch Bay research
project: Wave recording. Series of Southampton University Department of Civil
Engineetring reports.

HR WALLINGFORD, 1980. Design of seawalls, allowing for wave overtopping.
HR Report EX924.

HR WALLINGFORD, 1986, Hengistbury Head coast protection study:
Technical report. HR Report SR 1460.

HR WALLINGFORD, 1986. Swash Channel Study - Phase |, Preliminary
assessment of the feasibility of deepening the channel. HR Wallingford report
EX 1461.

HR WALLINGFORD, 1988. Poole Bridge replacement environmental impact
assessment: The field collection of hydraulic and sedimentary data.
HR Report EX 1760.

HR WALLINGFORD, 1988. Swash Channe! - Poole Harbour, Phase Il :
Prediction of siltation by tidal currents and wave action. HR Wallingford report
EX 1796.

HR WALLINGFORD, 1980. Poole Harbour Middle Channel study: Field
measurements 1980, HR Report EX 2122,

HR WALLINGFORD, 1290, Poole Harbour Commissioners Middle Channel
Study, Effect of an enlarged channel on tidal flow and siltation. HR Wallingford
report EX 2160,

HR WALLINGFORD, 1990. Poole Bay Hydraulic Study. HR Wallingford
Report EX 2192,

HR WALLINGFORD, 1921, Poole Bay: wave recording 21 November 1990 to
23 May.1991. HR Report EX 2373,

HR WALLINGFORD, 1991. Poole Bay, Phase Il - Hydraulic Study. HR
Wallingford report EX 2228,

HR WALLINGFORD, 1991. Poole Bay, Phase 3 Hydraulic Study. HR
Wallingford report EX 2320.

HR WALLINGFORD, 1991. Pcole Harbour Commissioners. The effects of
dredging Chapman's Peak in the entrance to Poole Harbour. HR Wallingford
report EX 2356,

HR WALLINGFORD, 1991. Poole Bay Historic Bathymetry Changes. HR
Wallingford report EX 2480.

ii8 EX 288Y 08/02/95



hy

HR WALLINGFORD, 1992. Poole Bay: Re-calibration of wave hindcasting
models. HR Report EX 2508,

HR WALLINGFORD, 1892. Navigation of Poole Harbour by MV Barfleur. HR
Wallingford report EX 2532.

HR WALLINGFORD, 1993. Poole Harbour Channel Widening, Feasibility
Study. HR Wallingford report EX 2903.

HR WALLINGFORD, 1993, Wave overtopping of vertical walls. HR Report
SR3186.

HR WALLINGFORD, 1994, Sandbanks coast protection scheme, Feasibility
study and outline design. HR Report EX 3083.

ICE, 1975. Reservolr flood standards. Discussion paper, institution of Civil
Engineers.

JELLIMAN C E, HAWKES P J, BRAMPTON A H, 1991, Wave climate change
and its impact on UK coastal management. HR Report SR 260,
December 1981, available from HR Wallingford.

LACEY S, 1985, Coastal sediment processes in Poole and Christchurch Bays
and the effects of coast protection works. PhD Thesis, University of
Southampton

MAFF, 1993. Flood and Coastal Defence, Project Approval Guidance Notes.
. Publication PB1214.

MAFF, 1994, Coast protection survey of England. Sir William Halcrow and
Partners.

MAY V J, 1969. Reclamation and shoreline change in Poole Harbour, Dorset,
Proceedings Dorset Natural History and Archaeological Society, 90, 141-145.

NRA, 1991, Sea Defence Survey, Phases I-lll, Poole Harbour. National
Rivers Authority, Wessex Region.

POOLE HARBOUR COMMISSIONERS, 1982. Poole Harbour Master Plan
Study Part Il. Appendix, Comparison of Surveys.

POOLE HARBOUR COMMISSIONERS, 1984. Poole Harbour Siudy, Part i,

POOLE HARBOUR COMMISSIONERS, 1991, Poole Harbour Management
Policles.

POOLE HARBOUR COMMISSIONERS, 1992, Poole Harbour Master Plan
Study, Parts 1 and 1I.

ROBINSCN A H W, 1955. The harbour entrances of Poole, Chrisichurch and
Pagham. Geographical Journal, Vol CXX1, Part 1.

SEYMQUR R J, 1977. Estimating wave generation on restricted fetches.
Proceedings ASCE, Volume 103, No WW2, May 1977,

119 EX 2881 08/02/95



hy

TYHURST M F, 1977. Sea bed drifter work in Pocle Bay: a study of 10 years
of research. Journal of the Society of Civil Engineering Technicians.

US ARMY, 1973. Shore Protection Manual Volume 1. US Army Coastal
Engineering Research Center,

VERNON-HARCOURT L F, 1903. Poole Harbour Protection. Report to Poole
Harbour Commissioners.

WEBBER N B, 1980. Poole / Chrisichurch Bay research project, Research on
beach processes. University of Southampton.

WRIGHT P, 1881. Aspects of the coastal dynamics of Poole and Christchurch
Bays, Dorset. PhD Thesis, University of Southampton.

120 EX 2881 08/02/95



Tables







hy

Table 2,1 Distribution of wave height and direction for offshore point 1

Data in parts per hundred thousand
He is the significant wave height in metres
P(H>Hl) is the probability of Hs exceeding HIl

Total nusber of hours = 152216
Based on HINDWAVE predictions for January 1974 - February 1992

H1 To H2 e({H>H1) Wave direction in degrees North
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Table 2.2 Distribution of wave height and period for offshore point 1

Data in parts per hundred thousand

Hs is the significant wave height in metres

B(H-Hi] is the probability of Hs exceeding HI

Total number of houras =
Based on HINDWAVE predictions for January
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Table 2.3 Distribution of wave height and direction for offshore point 2

Data in parte per hundred thousand
Hs is the significant wave height in metres
P(H-H1} is the probability of Hs exceeding M1

Total number of heurs =
Based on HINDWAVE predictions for January
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Table 2.4 Distribution of wave height and period for offshore point 2

Data in parts per hundred thousand

Hs is the significant wave height in metres

F{H>H1) is the probability of Hs exceeding H1

Annual

Total number of hours =
Based on HINDWAVE predictions for January

H1 To H2
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3.40
3.60
3.80
4.00
4,20
4.40
4.60
4.80
5.00
5.20
5.40
5.69
5.80
.00
$.20
G.40
4.60
6.80
7.00
7.20
7.40

0.20
0.40
.60
¢.80
1.00
1.20
1.40
1.80
1.80
2.00
2.20
2,40
2.60
2.80
I.400
j.zo
3.40
3.60
3.80
4.00
4.20
4.40
4.60
4.80
5.00
5.20
5.4¢
5.60
5,80
£,00
4,20
4.40
6.60
6,80
7.00
T.20
7.40
7.860

P(H>H1)

0.,97741
0,86371
0.70248
0.57793
0.45140
0.38145
0.28427
0.24089
0.18401
0.14842
¢.12583
¢.08940
0.07455
0.05435
0.04471
0.02895
0.0235%
0.01748
0.01298
0.04810
0.00614
0.00398
0.00242
0.00231
0.00131
0.00085
0.00073
0.00045
¢.60037
0.00034
0.00024
0.00021
0.00014
0.000D9
0.0000%
0.00001
0.00601
0.00001

Parts per thousand
for each wave period
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Table 2.5 Distribution of wave height and direction for offshore point 3

Data in parts per hundred thousand
Hs is the significant wave height in metres
P{H~H1) is the probability of Hs exceeding Kl

Annual
Total number of hours = 159216
Based on HINDWAVE predictions for January 1974 -~ February 1992
Hl Te H2 P{H>H1) Wave direction in degrees North

-10 10 30 50 70 90 110 130 150 170 190 210 230 250 270 290 31¢ 330
10 30 50 70 90 110 130 350 17D 1%0 210 230 250 270 290 310 330 350

0.00 ©.20 0.97741 1237 1le54 1078 1244 1506 2016 1224 9146 724 534 590 666 1237 1840 1508 1591 162% 1610
0.20 ©.40 0.74937 420 71 358 610 823 1895 3373 931 231 61l 1134 1452 1717 1527 1830 1101 1148 1085
0.40 ©.60 0.53980 82 159 73 126 871 2945 520 8%6 577 1060 2731 1972 1165 Ti3 308 23¢ BO
0.60 ©.80 0.39403 10 215 2345 Te4 322 184 911 2508 1229 €97 289 114 62 24

o
[N

a 1 4 9

0.80 1.00 0.29516 0 ¢ 0 0 3 82 939 301 465 744 1539 3ib5 769 217 58 24 9 0
1.6¢ 1.20 0.21212 0 ¢ 0 0 1 41 462 327 252 2)9 1363 2239 337 62 14 1 4 0
1.20 1.40 0.15875 ] 0 0 0 ] i1 315 242 232 513 1125 1678 155 10 9 1 ¢ o
1.46 1.60 0.11586 Q 13 0 ] ¢ 0 200 134 144 150 980 15i5 81 3 q 0 ¢ [
1.60 1.80 0.08398 0 ¢ 0 a 0 0 96 90 68 414 1046 1003 2% < Q L] 4 0
1.80 2.00 0.05656 0 0 0 [\ [H 0 77 65 182 101 320 336 17 ] O Q 0 0
2.00 2.20 0.04558 0 0 0 [H ¢ 0 16 54 28 103 879 479 4. 0 ] 0 0 0
2.20 2,40 0Q.903000 0 o 0 0 1] q 65 4% 130 177 291 305 a 4] Q 1] 0 1]
2.40 2.80 0.01987 0 0 0 [H ¢ a 14 23 6 58 400 i6 ] ] Q 0 o 0
2.60 2.80 0.01470 0 0 [H [ [ a 30 1% 52 78 151 122 ] ] Q 0 0 0
Z,80 3.00 0.01017 o 0 o [+] o Q 11 0 4 40 241 12 ] 0 0 Q 0 0
3.00 3.20 0,00710 8 0 o 4] o Q 19 9 55 30 46 ] 0 il 1] o 0
3.20 3.40 0.00460 ¢ 0 3 o3 0 o 21 1 17 13 102 27 ] 0 bl 0 0 1}
3.40 3.0 0.00279 &3 0 4] o3 o g 1 8 1 2 4 & 0 ] ] 4 0 0
3.60 3.80 0.00257 ¢ 0 ¢ 1] 0 0 4 1 12 35 79 8 0 0 g [+ Q q
3.80 4.00 9.00117 0 0 u] "] o 0 2 2 Q 1 3 1 0 0 1] a 0 Q
4.00 4.20 0.00108 [ Q [ o 0 0 1 1 i 22 25 4 0 0 0 ¢ 0 a
4.20 4.40 0.00054 0 q 0 0 0 0 0 3 2 1 3 3 0 0 9 ¢ 0 Q
4.40 4,60 0.00043 0 aQ 0 0 i} 0 3 1 1 & 2 1 0 0 0 ¢ Q q
4.60 4.80 0.0002% 0 0 0 0 1} 0 0 0 1 0 1 4 0 0 0 ] Q ]
4.80 5.00 0.00023 0 9 0 o 0 0 1 0 ] 1 4 g 0 0 0 0 0 a
5.00 5.20 0.00C18 Q ] 0 0 0 0 0 0 3 4 3 1 0 1] 0 o Q a
5.20 5.40 0.00007 0 ] 0 0 0 0 0 0 L] 0 0 ] 0 0 0 0 Q o
5.40 5.60 0.00007 ] i) 0 ] Q 0 0 4} 1 0 5 4] 0 1] 1] o] 1] o
5.60 5.80 0.0000% Q 0 q Q Q 0 Q 0 0 0 1 0 0 0 0 [t} 0 0
rarts per thousand 18 25 15 20 25 52 124 46 39 50 126 188 77 58 45 32 31 29

for each direction

significant wave heights for given exceedence levels
P{H-Hs) Wave direction in degrees North

Al -10 16 310 50 70 90 110 130 156 17¢ 196 210 230 250 270 290 310 330
dir. 10 30 S0 70 90 110 130 150 170 1%6¢ 210 230 250 270 2%0 310 330 350

G.50 0.45 G.14 0,15 ¢.14 ©.15 0.18 0.25 0.49 0.53 0.60 0.87 1.12 0.9¢ ¢.47 0.11 0.27 0.19 0.18 ¢.17

c.20 1.0% ¢.28 ©.30 0,26 0.30 0.31 0.44 0.78 1.07 1.30 l.66 L.85 1.42 G.77 0.58 0.45 0.36 0.34 0.31

0.10 1.50 0.36 017 0.35 €¢.36 0.37 0.56 1,04 1.4] 1.87 2.19 2.30 L.70 0.96 0.72 0.58 0,48 0.40 ¢.37

0.45 1.92 0,42 0.44 ©.39 0.32 0,42 0.68 1,36 1.84 2,27 2,63 2.71 2,05 1,14 0,81 0.70 0.59 0,52 ©.39

0.02 2.40 0.54 0.00 0.51 0.50 0.54 0.847 1.82 2.33 2.71 J3.15 3.15 2.33 1.34 0.96 0.79 0.73 0.63 0.52

0.01 2.81 0.58 0.00 0.55 0.56 0.58 1.00 2.32 2.69 3.22 3.72 3.54 2.71 1[.52 1.06 0.92 0.79 .73 0.5%
0 0

Average 0.65 0,17 0,18 0.16 0,18 0,19 0,28 0,57 0.66 0.82 1.0) 1.23% 0.97 0.51 0.35 0.30 0.23 0.21 0.19

EX 2831 121094
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Table 2.6 Distribution of wave height and period for offshore point 3

Data in parts per hundred thousand

He is the significant wave height in metves
P{E>Hl) i{s the probability of Ha exceeding H1

Total number of hours =
Based on HINDWAVE predictions for January

HL To H2

0.00
0.20
0.40
0.60
0,80
1,00
1.20
1.40
1.80
1.80
2.00
2.20
2.40¢
2.60
2.80
3.00
3.20
.40
3.60
3.80
4.00
4.20
4.490
4.60
4.80
5.00
5.20
5.40
5.60

0.20
0.40
0.60
4.80
1.00
1.20
1.49
1.60
1.80
2.00
2.20
2.40
2.60
2.80
.00
1.20
3.40
3,60
3.80
£.00
4.20
4.40
4.480
4.80
5.00
5.20
5.40
5.60
5.80

F(H>H1)

0.57741
0.74937
0.53%80
0.39403
0.29518
0.21212
0.15875
0.11586
0.08398
0.05656
0.04558
0.03:000
0.01987
0.01470
0.01017
¢.00710
0.00460
0.00279
0.00257
0.00117
0.00108
0.00054
0.00043
0,0002%
0.00023
a.90018
0.00007
0.04a007
0.900001

Parts per thousand
for each wave period
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Table 2.7 Distribution of wave height and direction for offshore point 4

Data in parts per hundred thousand
Hs is the significant wave height in metres
e{H>Hl} is the probability of Hs exceeding H1

Annual
Total number of hours = 159216
Bazed on HINDWAVE predictions for January 1974 - February 1992
HI To H2 PH>H1} Wave direction in degrees North

-10 10 30 S0 7o 90 112 130 150 170 1%0 210 230 250 270 290 X0 230
10 30 50 70 90 110 130 150 170 1%0 210 2310 25¢ 270 2%0 310 330 1350

0.00 ©.20 0.97741 600 1148 783 673 873 799 T80 678 623 496 545 561 6il 659 644 GBS Tee THB
¢.20 ©.40 0.85248 1419 1061 778 1083 1416 1850 2032 767 186 164 204 552 1180 1536 1279 1186 1018 1464
6.4¢ ©.60 0.66092 785 361 842 674 664 1227 1965 462 772 676 788 635 556 1203 %74 493 450 835
0.60¢ ©6.80 0.51708 305 268 164 1446 253 3583 1785 803 284 271 337 648 1746 1453 751 352 254 300
0.80 1.00 0.41004 100 136 52 40 103 169 763 328 406 407 372 1143 1474 $97 4106 133 52 68
1.00 1.20 0.33845 10 9 36 57 381 321 220 254 516 947 2415 1133 227
1.20 1.40 0.27096 3 i8 B9 263 249 208 266 263 842 653 B20 128
1.40 1.60 0.23217 21 is0 151 104 181 442 921 2818 658 46
1.60 1.80 0.17690 22 73 85 63 1 26 T0l 1717 177 27
1.8¢ 2.00 0.14788 58 B4 143 323 385 125 BEY 230 12
2.00 .20 0.12295 18 41 3B 1 91 1017 2186 156
2.20 2.40 0.08739 G0 57 80 200 247 212 139 85
2.40 Z2.60 0.07647 21 35 13 1 43 603 1573 18

[
(-
e
n
e
@

[
=]
-
p
N
™~

16 &
0 1

4 0 Q 2 1 13 4 2
i} 0 4] q Q & 4] G
0 0 a a 0 1 3 [ 4
0 (] Q Q 0 0 7 [ ¢ [
0 0 Q Q 0 0 1 3 0 [
Q 0 Q a 0 0 o o 4] o
2.60 2.80 0.05341 1} 0 Q a 0 Q 4 18 32 6 121 418 334 52 g o o 3
2.80 3.00 0.04357 0 0 a Q 0 Q 16 4§ 4 68 18 335 331 23 ¢ o 4 o
3.00 3.20 0.03497 q 0 a Q 0 a 21 14 3 5 9 3%3 710 2 4 [+ o |5
3.20 3.40 0.02340 0 0 Q Q Q Q a 2 12 55 77 4z B2 3 ¢ [ [ [:3
3.40 3.60 0,02068 ] 0 <] ] 1] 0 4 8 ] 4 4 202 553 g [} M ¢ o
3.80 3.80 0.0128s 0 0 Q 0 Q Q Q 0 ] 10 42 223 48 1 ¢ o o 13
3.80 4.00 0.00953 Q 0 o g 0 Q Q 6 ] 13 11 71 28l 0 4 13 o [
4.00 4,20 0,00592 0 0 Q q 0 Q a 1 1 1 4 82 18 ¢ a ¢ [+ [+
4.20 4.40 0,00487 ] 0 q ] ] ] 0 6 1 15 28 g 103 ] [+ G 1] 1]
4.40 4.60 0.00323 0 0 O a 0 Q a 0 ] 1] o 34 63 [+] 0 o | [+
4.60 4.80 0.00227 0 0 a a q Q Q 1 1 5 6 38 39 o 4 ] 0 o
4.60 5.00 0.00119 Q 0 Q O 0 Q Q 0 ¢ 0 o 11 24 [} ¢ [ ] [
5.00 5.20 0.00084 Q 1] Q 0 0 Q Q 0 3 0 1 3 3 [ ¢ [ 53 o
§.26 5.40 0.00074 Q 0 2 a Q 4] 9 0 [} 3 2 10 3 4] Q o D] o
5.4 5.460 0.00057 Qa 0 b a Q 4] Q 0 1 1 o [ 11 1] e 1] o ]
5.60 5.30 0.,00038 q 0 0 o Q ] ] 0 ] ] 1 2 2 o} ¢ o o o
5.8¢ 6.00 0.00033 a 0 a o Q o o 0 0 0 L 3 1 o [ o} o 0
6.00 .20 0.00028 q 0 ] 4] ) & 4 0 0 0 '] 0 3 o 0 0 1] ]
6.20 .40 0.00025 Q 0 ] ] a ] Q 0 0 0 0 ¢ 4 0 [ [ o 0
6.40 6.60 0.00021 a 0 ] g Q ] ] 0 0 0 i 4 3 o ¢ 0 0 0
6.60 6.80 0.00014 a 1] b) 4] qa ] i} 0 0 0 0 g 4 1] o 0 o 0
6.8¢ 7.00 0.0000% a 0 0 ] Q [} ] 0 0 0 o 5 a o ¢ 0 0 1]
7.0 7.20 0.00004 ] 0 0 0 Q 0 ] 0 0 0 0 o3 4 0 ¢ 0 0 0
7.20 7.40 0.00001 0 ] 0 0 Q 0 ] 0 0 0 0 |3 0 0 [+ 0 0 0
7.40 7.80 0.00061 9 0 ] 0 ] 0 ] 0 0 0 1] 3 2 1] [+] 0 0 i}
T.60 T7.80 0.00001 0 (] 0 0 4} ) 0 0 [} 0 0 1 i 1} o ] ] 0
Parts per thousand 33 31 27 27T 32 4% 8% 42 33 3% 47 112 211 95 46 31 27 36

for each direction

significant wave heights for given exceedence levels
P{H>Hs) Wave directien in degrees iorth

all -10 10 30 50 70 90 110 130 150 170 190 210 236 250 270 290 310 330
gir. 10 30 50 70 90 110 130 150 170 190 210 230 250 270 290 310 330 350

0.50 0.63 0.34 0.26 0.33 0.31 €.32 0.37 0.53 0.63 0.60 0.83 1.00 1.41 1.50 ¢.76 0.46 0.33 0,30 0.33
0.20 1.82 04.54 0.49 0.53 0.50 0.53 0.59 0.83 1.1% 1.256 1.8] 1.88 2.48 2.40 1.30 0.78 0.51 0,53 9,52
0.10  2.13 0.67 0.68 0.59 0.56 0.47 .75 1.12 1,52 1.63 2.24 2.32 3,01 2,92 1.56 0.99 0.78 0.68 0.65
0.05  2.87 0.78 0.80 ¢.71 0.70 ©0.80 0.%3 1.41 1.96 2.21 2.81 2.7% 3.54 3.44 1.91 1.19 0.%8 0,78 0.77
0.02 31.42 9.95 0.9) ¢.81 0.84 0.98 1.28 1.90 2.46 2,58 3.33 13.62 3.94 2.91 2,20 1.40 1.1% 1.03 0,39
0.01 3.77 1.04 0.98 0.92 0.87 1.12 1.35 2.33 2.792 2.80 3.82 1.96 4.41 4.35 2.52 1.60 1.35 1.15 1,15
Average 0.92 0.37 0,31 0,34 6.33 0.36 ¢.42 0.61 ¢.73 0.80 1.02 1.14 1.57 1.59 0.84 0.52 0.40 0.34 0.36
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Table 2.8 Distribution of wave height and period for offshore point 4

Data in parts per hundred thousand

HBs ig the significant wave height in metres

P{H=Hl) is the probability of Hs exceeding H1

Total number of hours =
Based on HINDWAVE predictions For January

Hi To H2

0.00
0.20
0.490
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2.20
2.40
2.50
2.80
1.00
3.20
J.40
.60
3.go0
4.00
4.20
4.40
4.60
4.80
S.0¢
5.20
5.40
5.60
5.80
6.00
6.20
6.40
6.60
4.80
7.00
T.20
7.40
7.60

0.20
0.40
.60
¢.80
1.0
1.20
1.40
1.60
1.80
2.00
2.20
2.40
2.60
2.80
3.00
3.20
3.40
3.40
3.80
4.00
4.20
4.40
4.60
4.80
5.o0
5.26
5.4¢
5.60
5.80
6.60
6.20
6.40
6.60
6.80
7.00
T.20
7.40
7.60
7.80

P{H>HI1)

0.67741
0.85248
0.66652
0.51708
0.41004
0.33845
0.27096
0.23217
0.17690
0.14788
0,12295
0.08739
0.07647
0.05341
0.04357
0.03497
0.02340
0,02068
0.01286
0.0095)
0.00592
0.00487
b.o0323
G.o0227
G.0011%
0.00084
0.06074
0.00057
0.00¢38
0.00633
0.00028
0.00025
0,00021
0.00014
0.0000%
0.00004
0.00001
0.00001
0.00001

Parts per thousand
for each wave paried
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Table 2.9 Distribution of wave height and direction for offshore point 5

Data in parts per hundred thousand
Hs is the significant wave height in metres
P{H>Hl} is the probability of Hs exceeding Hl

Annual
Total nusber of hours = 159216
Based on HINDWAVE predictions for January 1974 - February 1992
Bl To H2 P(H=H1) Wave direction in degrees North

-19 16 30 50 TQ 90 110 130 150 17¢ 180 210 230 250 270 230 310 33¢
10 30 50 7¢ %0 110 130 150 170 1%C 210 230 250 27¢ 290 310 330 35¢

0.60 0.20 0.97741 1105 820 1000 1160 1251 1481 1458 950 755 545 5B2 597 &58 806 1021 1571 1340 1234
0.20 0.40 0.79407 715 921 1153 £03 898 1331 3287 1901 624 182 203 216 695 2026 2341 1118 901 691
0.40 0.60 0.59599 84 123 83 72 155 342 2431 1575 52% 708 737 757 B96 1671 1053 422 355 125
0.60 0.80 0.47280 12 10 29 117 651 687 3b4 278 315 574 1159 1588 911 110 60 30
0.80 1.06 0.40391 2 3 14 298 7063 507 418 354 613 1207 2256 332 &9 18

0 4

0 1 1 4
1.00 1.20 0.3360) ] 0 0 0 0 7 190 60B 236 255 449 739 1225 1173 209 18 8 0
1.20 1.40 0.28488 a 0 0 0 o 0 55 168 153 268 249 860 1972 1487 63 & 0 0
1.40 1.80 0.23204 a 0 0 a o 0 35 117 138 185 4067 471 2010 814 35 2 0 0
1.60 1.80 0.18991 q 0 0 0 o 0 19 131 164 18 6 768 1095 763 14 a 0 0
1.80 2.00 0.16072 a 0 0 0 o 0 14 43 65 3105 381 340 2004 607 6 1] 1] 0
2.00 2.20 0.12307 ] Q 0 Q 0 1] 10 89 52 1 85 379 790 165 1 q ] 0
2.20 2.40 0.10736 ] 0 0 (] V] 0 4 3 7% 200 234 527 1497 339 G Q 4] 0
2.40 2.60 0.07852 a 0 0 0 0 1} 8 55 19 1 38 355 665 161 4 Q 4 0
2.60 2.80 0.08551 q 0 0 0 o 0 9 [ 30 B 124 418 il66 149 a 0 ] 0
2.80 3.00 0.04640 q 0 0 0 0 0 6 18 9 67 19 21 313 100 0 ] Q 0
J.00 3.20 0.04087 a Q 0 0 0 0 1 3 8 8 10 521 991 B8 0 0 0 0
3.20 3.40 0.,02539 q 0 0 0 0 0 0 8 3 54 80 19 234 33 a 0 4] 0
3.40 3.80 0.02109 a 0 0 0 '] 0 0 3 1 3 3 170 558 18 a 0 q 0
3.60 3.80 0.,01352 4] 0 0 0 i} 0 0 2 9 25 43 176 106 6 0 0 ] 0
3.80 4.00 0.00985 q 0 0 0 4] 1} 0 4 0 3 1 29 151 6 0 1] 0 i}
4.00 4£.20 D0.00792 L] 0 0 0 o 0 o 4 1 10 7 85 188 0 0 ] q 0
4.20 4.40 0.00497 a 0 0 Q o 0 ] 0 0 T 24 13 24 3 1} 0 q 0
4.40 4.80 0.00426 q 0 0 0 4] 0 0 0 1 1 0 19 171 k] 0 0 0 ]
4,60 4.80 0,00234 q 0 0 0 0 0 [ 0 Q 5 & 3 21 1 0 o] 0 k]
4.80 5.00 0.00L68 ] Q 0 0 )] 0 4] 0 0 a 0 5 7 ] [} "] Q ]
5.00 5.20 0.00086 ] 0 0 Q [ 0 1] 0 4 5 1 8 3 o B!l 1] 0 ]
5.20 5.40 0.00065 q 0 0 0 4] i} b 0 0 4 0 3 4 ] 0 1] 1] ]
5.40 5.40 0.00058 q 0 0 1} ] 0 b 0 0 ] 1 4 14 g 0 7] 1] a
5.60 5.80 0.00038 a q ] 0 ¢ o 2] 0 0 a 1 1 3 o 0 o q Q
5.80 6.00 0.00032 a 0 0 0 ¢ 0 b 0 0 a 1] 1 2 a 0 ] 0 i+
6.00 6.20 0.00030 4 0 0 Q 4] 0 4} 0 0 4 0 0 4 q 0 "] Q b
%.20 6.40 0.00025 a 0 0 Q 4] 0 k] 0 0 Q 1 2 4 a 0 0 Q G
6.40 6.40 0.000{8 a 0 0 0 o 0 [} 0 0 ] 0 1 3 ] 0 o ] 0
6.60 6.80 0.00014 0 0 0 0 ] 1} ] 0 0 a [} 0 1 q 0 v} 1] a
6.80 7.00 0.00014 0 0 0 0 +] 0 1] 0 0 O 0 5 4 0 ] o 0 Q
T.00 7.20 0.00004 0 U 0 0 0 0 a 0 0 a i} 0 4 a [} 1] q a
F.20 7.40 0.0000% 4] Q 0 a ] 0 4] 0 0 q ] 0 0 { 0 o ] ¢
7.40 7.60 0.00001 2 Q 1] Q ] 0 4] 0 0 0 i} 0 0 il 0 ] 1] ]
T.60 V.80 0.00001 14 [} 0 [1} o 0 [ 0 0 ] 0 0 1 4 0 u] Q g
Parts per thousand 20 19 23 19 24 34 87 T2 38 36 45 89 284 145 61 36 27 21

for each direction

Significant wave heights for given exceedence levels
FP(H=Hs} Wave directiocn in degrees North

All -10 10 30 50 70 90 110 130 150 179 190 210 230 250 270 290 310 330
dir. 10 30 50 70 90 110 130 150 170 188 210 230 250 270 290 310 3130 350

0.50 0.58 0.17 0.22 0.22 0,16 0.18 0.22 0.36 0.48 0.56 0.81 0.97 1.38 1.5% 0.87 0,36 0.23 0.20 0.1%
¢.20 1.55 0.32 0.34 G.34 0.30 0.34 0.37 0.56 0.95 1.13 1.59 1.8% 2.46 2.59 1.47 0,68 0.43 0.38 0.32
G.l0 2.25 0.37 0.39 ¢.3B 0.36 0.39 0.48 0.73 1,18 1.61 2,23 2.33 3.08 3.11 1.85 0.83 0.55 0.49 0.38
.05 2.76 0.40 0.45 0¢.40 0.40 0.49 0.58 0.94 1,61 2.10 2.82 2.76 3.53 3.52 2.26 1.02 0.63 0.57 0.48
¢.02 3.43 0.54 0.00 ¢.50 0.52 0.58 0.72 1.19 2,11 2.48 3.35 3,43 4.00 4.13 2.65 1.20 (.85 0.70 0,59
¢.ol 3.7% 0.58 0.00 0.56 0.58 0.65 0.78 1.51 2,51 2.78 3.76 3.79 4.29 4.53 2.86 1.38 0.97 0.80 0,63
Average 0.90 0.19 0.22 ¢,21 0,18 0.21 0.24 0,41 0.61 0.73 1.01 1.13 1.57 1,73 0,97 0.44 0.27 0.24 0.20
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Table 2.10  Distribution of wave height and period for offshore
point 5

Data ip parts per hundred thousand
Hs is the significant wave height in metres
P(H-H1} ig the prebability of Hs exceeding H1

Total number of hours = 159216
Based on HINDWAVE predictions for January 1974 ~ February 18%2

Hl To H2 P{H>H1} Zero-crossing wave period in seconds (Tz)

s
<
awn
a0 =3
oo

9.0 10.0 11.0 12.¢ 13.0 14.0 15.0
. 13.¢ 14.0 15.¢ 1s5.0

oo
v
=)
oo
-3
oo
o o
oo
-
o
<
-
-
=
[
[+
o

0,00 90.20 0.97741 799 17535 0 0
0,20 0.40 0.79407
0.40 0.60 0.59599
0.60 0.80 0.47280
G.80 1.00 0.40391
1.00 1.20 0.33601
1.20 1,40 0,28486
1.40 1.60 0.23204
1,60 1.80 0.18%91
1.80 2.00 0.16072
2.00 2.20 0.12307
2.20 2.40 0.10736
2.40 2.60 0,07852
2.60 2.80 0.06551
2.80 3.00 0.04640
3.00 3.20 0.04087
3.20 3.40 0.02539
3.40 .60 ¢.02109
1.60 3.80 ¢.01352
1.80 4.00 0.00%B5
4.00 4.20 0.0075%2
4,20 4.40 0.00497
4.40 4,60 0.00426
4.60 4.80 0.00234
4.80 5.00 0,00168
5.00 5.20 0,00088
5.20 5,40 0,00065
5.40 5.40 0.00058
5.60 5.80 0.00038
5.80 .00 0.00032
6.00 6.20 0.00030
6.20 6.40 0.00025
6.40 6.60 0,00018
6.60 £.80 0,00014
6.80 7.00 0.00014
7.00 7.20 0.00004
7.20 7.40 0.00001
7.40 7.60 0.0000]
7.80 T.80 0.00001
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Parts per thousand
for each wave period
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Table 2.16  Distribution of wave height and direction at inshore
point A

Data in parts per hundred thousand
Hs is the significant wave height in metres
P(H>H1) is the probability of Hs exceeding H1

Total numbetr of hours = 159192
Based on HINDWAVE predictions fer January 1974 — February 1992

H1l To H2 P(H=-H1] Wave direction in degrees Worth

-10 10 3@ 50 70 80 110 130 150 170 190 210 23¢ 250 270 2%0 310 330
10 30 50 70 90 110 130 150 176 190 210 230 250 270 290 310 330 350

4,00 0.20 0.97748 2004 1717 1429 1256 1129 1221 1965 346 364 727 1650 1288 1940 1481 2176 1469 1797 2088
0.20 0.40 0.71500 866 540 1364 1414 2165 1866 1295 329 100Y 1885 2379 3312 1509 2256 2468 1747 1375 B83
0.40 0,60 0.42436 69 113 269 505 1680 2725 928 746 660 2136 2863 2722 794 602 332 330 226 127
0.50 0.80 0.24807 52 85 279 2064 1302 431 732§ 2201 2293 514 293 111 18 19 11 4
0.80 1.00 0.14088 4 25 99 1071 8IS 546 621 1931 ¢€l6 55 19 1 0 0

1.00 1.20 0.08274 11 517 591 166 500 1063 239 11 0
1.20 1.40 0.05174 12 295 408 346 433 478 26 1
1.40 1.60 0.0)174 128 318 84 158 198 13

—
L]

1
0 2 g Q
0 0 0 1 0 [ 1Y 0 q
0 0 0 Q 0 a Q q 1] 1]
0 0 q Q 1 0 0 0 0 Q o 0
1.60 1.80 0.02273 ] 0 0 Q 1 9l 194 205 212 1loe Q ] ] 0 0 Q 0 0
1.80 2.00 0.01464 ] 0 Q 0 o 40 163 38 117 24 ] ] 0 0 0 0 0 0
2.00 2,20 0.01084 ] 0 0 0 Q 21 81 115 50 27 Q a 0 0 0 0 o Q
2.20 2.40 0.00789 0 0 1} 0 a 21 73 82 41 16 a4 kil 0 Q Q q ] 0
2.40 2.0 0.00556 ] 0 0 [ Q o 87 37 31 6 ] Q 0 0 0 Q ] 0
2.60 2.80 0.0041i6 ] 0 0 a a9 H 40 23 3 4 ] Q 0 0 0 Q o 0
2.80 3.00 0.00145 Q 0 0 0 Q 0 54 47 23 1 4 Q 0 a 0 0 [ 0
J.0a 3.20 0.002:9 Q 0 0 0 a 1] 17 16 E] 3 i a 0 0 0 0 0 Q
3.20 1.40 0.0018} QO 1] 0 Q q o 23 5 4 5 Q a9 0 0 0 0 13 0
3.40 3.60 0.00{44 q 0 1] q a 1} 23 21 1 g Q q 0 0 1} 0 o 0
3.60 3.80 0.00099 2 0 0 0 9 o 4 [ 0 ] Q Q 0 0 0 0 i3 0
3.80 4.00 (¢.¢o08Y a 0 0 0 Q o 15 4 2 ] Q Q 0 0 0 o 3 0
4.00 4.20 ¢.00065 Q ] 0 0 0 0 4 10 ] Q Q q ] 0 0 0 13 0
4,20 4,40 0.00050 q 0 0 0 1} o 4 4 ] 0 0 i} bl 0 0 0 [ 0
4.40 4.60 0.00046 q 0 0 0 0 o 21 Y 0 Q ] J Q9 0 0 o ¢ 0
4.60 4.80 G.00025 q 0 ] 0 0 o 3 3 0 Q 0 ] i 0 0 o [H ]
4.80 5.00 0.C0020 a ] 0 0 Q [ 4 1 0 Q 0 0 ] 0 0 0 13 0
5.00 5.20 ¢.c0019 a ] 0 Q o 13 [ a ] q 0 0 0 0 0 o 0 o
5.20 5.40 (.06013 q bl 0 0 1} g 0 5 0 a Q ] q 0 ] 0 ¢ 0
5.40 5.60 0.00008 ] 0 1] 1] 0 ¢ 1 1 0 4] 0 (] aQ 0 0 0 ¢ o
5.60 5.80 G.00006 q 0 o 0 q 1 1 i 0 0 0 0 Q 0 0 1] 0 o
5.80 6.00 0.00004 Q 0 o o 0 ¢ 0 Q i) a ] 0 Q 0 0 0 [ o
6.00 B.20 ¢§.000D4 a ) 0 0 aQ g 3 1] 0 ] 0 0 a 0 0 0 o 0
6.20 6.40 0.0000I 0 ] o 0 0 [ a 0 )] Q 0 Q O 0 0 o 4 0
6.40 B.60 0.00001 q 0 o] Q Q 6 0 0 0 Q a 0 4] 0 1) ] ¢ 0
6€.60 &,80 G.0O0DY q Q 0 o q ¢ 1 0 0 q 1] 0 g 0 0 0 [+ ]
Parts per thousand 30 28 32 34 56 103 86 37 51 111 10% 81 47 46 53 36 35 32

for each direction
gignificant wave heights for given exceedence levels
P{H=Hsg) HWave direction in degrees MHorth

All -10 10 30 50 70 9¢ 11o 130 150 173 31%0 210 230 250 270 290 310 330
dir. 0 30 50 70 90 110 130 150 170 190 210 230 256 270 290 3i0 33¢ 350
0.50 ©£.35 0.14 0.16 0.21 0.25 0.34 0.53 0.58 0.76 0.71 0.85 0.46 0,36 0,24 0.26 0.21 ¢.23 0.1% 0.15
0.20 ©.69 0,28 0,31 0,35 0,39 0.5% 0,682 1.13 1.38 1,23 0.97 0.70 0.52 0.44 3,38 0.)4 0.36 0,33 0.29
0.10 ©.%94  0.35 0,37 0.40 0,51 0,59 1.03 1.56 2,01 1,57 1.16 0.79 9.58 0.56 0,49 0.39 0¢.40 0,38 0.36
0,05 1.22 0.38 0.40 0.52 0,58 0.72 1,26 2.03 2.39 1.84 1.33 0.92 0.87 0.65 0.56 0.45 ©.50 0.46 0.39
0.02 1.67 0.43 0.52 0.59% 0.70 0.82 1.55 2.84 3.00 2.23 1.57 1.06 9.76 0.75 0.65 0.55 (.57 0.55 0.5!
0.0] 2.06  0.51 0.57 0.69 0.78 0.94 1,76 3.43 3.55 2.50 1.75 1.15 0.79 0.78 0.73 0.58 0.59 0.58 0.56
Average 0.45 0.16 0.18 0.23 0.26 0.35 0.58 ©¢.73 0.94 0.80 9.67 0.46 Q.36 0,27 0.27 0.22 ¢.23 0.20 0.17
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Table 2.17  Distribution of wave height and period at inshore point A

Data in parts per hupdred thousand
Hs is the significant wave height in melres
P{H>H1) is the probability of Hs exceeding BI

Annual
Total number of hours = 159192
Based on HINDWAVE predictions for January 1974 - February 1992

H1l To HZ P{H>HL) Zero-crossing wave period in seconds (Tz)
0.0 1.0 2.0 3.0 4.0 5.0 &.0 7.0 8.0 9.0 10,0 1i,0 12,0 13,0 14.0 1i5.0
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.9 9.0 10.0 11.¢ 12,0 13.0 14.0 15.0 6.0
0.00 0.20 0.%0726 1724 17501 0 0 o 0 a Q 0 0 ) o 0 o o 0
0,20 0.40 0.71500 0 22409 6655 0 o 0 ] a 0 0 [ o 0 0 o 0
0.40 0.80 0.4243e 0 1881 15947 0 0 Q Q Q 0 0 4 o 0 4] 0 0
0.60 0.80 0.24607 Q 0 8126 2393 0 Q Q Q 0 0 [+ 0 0 [+ 0 ]
0.80 1.60 0.14088 Q 0 972 4843 0 0 a a 0 a G 0 0 ¢ 0 ]
1.00 1.20 0.0B274 a a 16 3084 0 0 a ] ] a ¢ 0 0 6 0 0
1.20 1.40 G.05174 ] 0 0 1797 203 a q 0 0 a |+ o 0 ¢ (] 1}
1.40 1.80 0©.03174 Q 1] 0 169 731 0 Q a 0 0 [ 1] 0 ¢ 1] 0
1.60 1.8¢ ¢.02272 Q 0 0 40 770 Q Q o ] 4 ¢ o 0 ] 0 ]
1.80 2.00 ¢.0l484 a 0 0 2 378 Q 0 9 (] 0 ¢ o 0 [H 0 bl
2.00 2.20 0.01084 0 o 0 0  25% 36 Q o 0 i |13 0 0 ¢ 0 0
2,20 2.40 0.00789 Q a 0 1] 140 93 Q ] ] a G ¥} 0 ¢ 0 ]
2.40 2.60 ©.00556 0 0 0 0 4 1346 q 9 0 0 ¢ 1] 0 43 0 0
2.60 2.B0 C.00416 L] Q 0 0 2 65 4 a9 0 0 Y o 0 4 1] 0
2.80 3.00 0.00345 Q 0 0 0 o 125 1 L] 0 1] [ o ] & 0 b]
3.00 3.20 0.00219 Q 4 a 0 0 33 S a 0 1] G 0 0 [+] ] 0
3.20 3.40 ¢.0013) ] 0 a [ 0 17 20 o 0 a D] 0 0 14 0 0
3.40 3.60 0.00144 a Q 0 a 1] 5 40 4] 0 1] G 0 0 o 0 0
3.60 3.80 0.00099 a 0 0 0 o 4 ] ] 0 0 ¢ o 0 ¢ 0 0
3.8¢ 4.00 ©.00089 Q 0 0 0 0 1 24 a9 0 0 Q V] 0 U 0 0
4.60 4.20 ¢.00065 Q 4 a Q 0 Q 14 a 0 1] 4 o 0 [ 0 ]
4.20 4.40 ¢.00050 Q 0 0 0 0 0 4 O 0 [} 4 0 0 ¢ 0 0
4.40 4,60 G,00046 ] 1] 0 0 [} q 21 4] 0 0 0 0 0 o 0 0
4.60 4.80 G,00025 a 2 0 o 0 q 5 ] 0 0 [ L) 0 1} 0 0
4.80 5.00 ©.00020 0 4 0 -t 0 Q a 1 0 4 ¢ 0 0 [ 0 0
5.6 5.20 0.00019 k¢ 0 Q 0 o a 3 4 0 0 M o 0 o Q 0
5.20 5.406 ©.00013 0 0 0 ¢ 0 Q Q 5 0 4 0 0 0 ] 0 ]
5.4¢ 5.606 ¢.00008 o 6 a 4 0 Q Q9 2 0 ¢ 4 0 0 0 0 0
5.680 5.8¢ 0.00006 a [+ 0 H i} q Q 2 0 0 4 1] 0 0 i} 0
5.80 6£.00 0.00004 0 o Q o i} q ] [ 0 0 M 1] 0 0 [} 0
.00 4.20 0.00004 ] ¢ 0 [ 0 a ] 3 0 4 0 0 a ] Q9 0
6.20 6.40 0.00001 0 [ 4 13 0 o ] 0 0 [+ 3 0 0 Q 0 0
6.40 &.60 0.0000] 0 4 [+ [ 0 Q L] 0 0 [+ ] 0 ] ] 0 0
6.60 6.80 0.00001 0 [ [ o 0 Q ] 9 1 ¢ 0 1} ] 0 Q 0
Parts per thousand 19 461 350 136 27 6 2 0 0 ¢ o q 0 0 q 0

for each wave period
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Table 2,18  Distribution of wave height and direction at inshore
point B

Data in parts per hundred thousand
Hs is the significant wave height in metres
EB(H-H1} iz the probability of Hs exceeding Hl

Total number of hours = 153192
Based on HINDWAVE predictions for January 1974 - February 1992

H1 To HZ  P(H=-H1} Wave direction in degrees Horth

-1a 10 30 S0 70 90 110 130 150 170 190 210 230 250 270 290 310 330
19 30 50 70 %0 l10 130 150 170 I%0 210 230 250 270 290 310 330 350

0.00 0.20 0.97751 2057 1773 1427 1271 1469 1843 563 661 363 1023 1542 1774 2325 2224 2723 1340 1819 2084
0.20 0.40 0.59468 926 955 1381 1811 3185 2932 1383 1115 1827 1375 2383 1834 1285 766 1187 825 852 959

0.40 0,60 0.42456 75 142 315 612 1700 2724 753 1229 3075 1277 560 534 286 47 29 14 2B i24
0.60 0.80 0.28934 3 19 82 96 575 1702 1142 1405 1282 347 Jo 172 57 4 0 0 0 3
0.80 1.00 0.22009% 0 3 § 25 122 865 76f 2530 1595 3¢ 3 15 6 Q [ 0 o 0
1.00 1,20 0.1a038 0 0 0 1 15 361 564 825 883 4 1 0 0 0 G 0 ¢ 0
1.20 1.40 0,13384 0 0 i 1] 12 232 371 2663 577 7 4 ] 4 Q ¢ 14 Y o
1.40 1.60 0.09524 0 0 0 0 1 141 227 157% 13% 1 a 0 0 Q 0 ¢ ¢ 3
1.60 1.80 0.0743¢ o 0 9 0 1 B3 172 1818 &9 0 0 0 Q 0 0 4 0 0
1.80 2.00 0,05193 ¢ 0 J g 0 43 97 936 27 0 0 k] Q0 0 0 0 0 0
2.60 2.20 0.04091 ¢ |24 Q ] 0 17 136 1370 3 b] 0 9 0 o 0 0 0 0
2.20 2.40 0.02585 0 o Q 9 Q ¢ 93 598 1 k] 0 0 0 0 ] a 0 0
2.4¢ 2.60 0.0iBs6 0 ¢ 0 a Q i 13 877 1 Q 0 Q o ¢ 0 0 0 0
2.60 2.80 0.01214 0 ¢ 0 0 Q i 35 422 0 a 1] 0 o g g 0 ] 0
2.80 3.00 0.00754 0 0 0 0 9 2 21 116 [ a 0 0 ¢ 0 g 0 ] 0
3.00 X.20 0.00615 0 0 o 9 0 0 35 258 9 0 L] 0 |13 0 a 0 2 0
3.20 .40 0.00323 ] 0 o Q Q 0 8 30 J 0 a 0 G 0 0 ] Q 9
3.40 3.80 ©£.0028¢% 0 0 o 0 Q 0 10 117 Q 0 0 ¢ 4 0 a Q Q Q
3.60 2.80 §.0015% 0 0 3 0 0 o 28 27 a 0 0 o ] 0 0 Q9 a J
3.80 4.00 0O.00l04 ] 0 ¢ 0 o ¢ i 41 Q 0 0 ¢ 0 0 0 Q 0 q
4.00 4.20 0.00062 Q9 0 0 ¢ o ¢ 8 10 0 o 0 ¢ 0 0 0 Q 0 a
4.20 4.40 0.00043 a9 ] 0 o o g 1 11 0 4 0 0 0 ] 0 0 0 0
4.40 4,60 0.0G032 9 0 0 4 o 0 3 5 0 ¢ o ] 0 k] ¢ 0 0 0
4.50 4.80 0.60024 Q ] 0 0 ¢ 0 2 9 [ 0 o o 0 0 ¢ 0 ¢ 0
4.80 5.00 0.00014 Q Q 0 0 0 0 3 5 i3 a ¢ 0 0 0 [ 0 o ]
5.00 5.20 0.00008 0 0 0 0 0 0 0 4 13 a ¢ 0 ] 0 a 0 ¢ o
5.20 5.40 0.00002 0 Q 0 0 0 0 [+ 0 4 0 6 0 g a 0 ° 0 0
5.40 5.60 0.00062 0 0 0 0 0 0 1 1 0 0 0 ] 9 Q 0 | 0 4
Parts per thousand 31 10 33 9 72 112 66 18% 101 42 48 44 41 I 40 22 28 33

for each direction

gignificant wave heights for given exceedence levels

? (H-Hs) Wave direction in degrees North

All ~10 10 0 50 70 90 110 130 150 170 190 210 230 250 270 290 310 330

dir. 10 30 50 70 90 110 130 150 170 190 210 230 250 270 290 310 330 350

0.50  0.34 0.15 0.16 ©.22 0.27 0.32 0,44 0,68 1,29 0,57 0.34 0.26 0.24 €.17 0,13 0.14 0,16 0.14 0.15
0.20 0.87 0.28 0.31 €,36 €.19 0,51 0.74 1.20 1.96 0.96 0.53 0,37 0.38 0.33 0.25 0.27 0,30 0.28 0.29
0.10 1.38 0.35 0.37 0,45 €.51 0.60 0.95 1.67 2.31 i.16 0.60 0,45 ©.50 0.39 0.33 0.34 0,35 0.34 0.35
6.05 1.84 0.38 0.42 G.55 0.58 0.73 1.18 2.18 2,65 1,31 0.70 ©.53 0.59 0.50 0.37 0.37 0.38 0.17 0.39
0.62  2.36  0.44 0,55 0.66 0.6% 0.81 1.50 2.72 .11 1.45 0.78 0.58 6.71 0.59 0,40 0.39 0.39 0.39 0.5]
6.01 2.69  0.52 0.59 0.74 ©.77 ©.93 1.70 3.18 1.47 1.60 C.80 0.60 0.77 0.68 0.48 0.40 0.40 0.40 0.56
Average (.55 0.17 0.19 0.24 0.27 0.35 0.50 0.892 .32 0.65 0.35 0.25 0.25 0,20 0.15 0.16 0.17 0,16 0.17
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Table 2.19  Distribution of wave height and period at inshore point B

Data in parts per hundred thousand
Hs is the significant wave helight in metres
P(H~H1) is the probakility of Hs exceeding Hl

Total number of hours = 159192
Based on HINDWAVE predictions for January 1974 - February 1992

HL To H2 P{H~K1) zZero-crossing wave period in seconds (Tz}

6.0 .o 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12,0 13.0 14.0 15.0

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11,0 12,0 13.0 14,0 15.0 16.0

a4,00 0,20 0.90788 2169 19150 Q a a 0 0 0 0 0 0 Q 0 0 ¢ 0
0,20 0,40 0,.6%468 0 17614 9398 ] a 0 0 q q 0 0 Q 0 0 ¢ 0
9.40 0.60 0.42456 ¢ 497 12472 553 0 0 0 Q 0 (] 0 0 0 1} 0 0
0.60 0.80 0.28934 ] 0 3950 2974 0 0 0 Q 0 0 ° 0 bl 0 4 0
9.80 1.00 0.22008 o] D 150 5457 384 0 ] 0 0 0 0 q ] 0 [H 0
1.00 1.20 0.16038 ) o 2 1573 1074 0 )] 0 0 Q o Q9 ] 0 0 0
1.20 1.40 0.13384 ¢ 0 0 329 3s28 3 0 Q 0 0 0 0 ] 0 4 0
1.40 1.60 0.0%524 ¢ [ 0 37 1271 778 0 Q 0 0 o 0 0 ] [\ 0
1.60 1.80 0.07436 ¢ o o 1 821 1420 0 1] 1] 0 ¢ 0 4 0 0 o
1.80 2.00 0.0519%3 [ 4] 1] 1 244 857 0 0 0 1] o 0 g 0 0 0
2.00 2.20 0.04091 [ o ] Q 109 1417 ] 0 0 0 13 Q 0 0 1] 0
2.20 2.40 0.0258% [+ 53 0 Q [ 631 62 o 0 0 o3 0 ] 0 0 0
2.40 2.60 0.01866 [ ¢ 0 Q 2 512 138 0 0 0 o 0 ] 0 0 0
2.60 2.80 0.0¢1214 ¢ ¢ Q a9 0 315 145 0 0 0 ¢ 0 ] 0 0 0
2.80 3.00 0.006754 0 ¢ o a 0 41 a8 o 0 o H 0 a 0 0 o
3.00 3.20 0.00615 ¢} o o Q 0 91 200 i 0 o [+ 0 a 0 0 ]
3.20 3.40 0.00323 ¢ 13 o a 0 5 28 4 0 0 ¢ 0 k] 0 0 0
3.40 3.80 0.00288 ¢ [+ o Q ] 6 117 4 0 o [ 0 Q 0 0 0
3,60 3,80 0.G0159 4 ¢ 0 a 0 2 51 3 0 0 0 0 a 0 0 0
3.80 4,00 0.c0104 ¢ ¢ o Q 0 0 19 3 o 0 4 0 Y 0 0 0
4.00 4.20 0.00062 [ ] o Q 0 0 18 o o "] & ] 0 0 1] o
4.20 4.40 0.00043 ¢ ¢ 0 q 0 0 8 4 0 0 4 0 0 ] a 0
4.40 4.60 0.00032 ¢ 4] 0 Q 1] 0 4 3 0 o 4 0 o 0 0 0
4.60 4.80 0.00024 ¢ ¢ [} Q 0 0 2 g 0 0 ¢ 0 ] 0 0 0
4.80 5.00 0.00014 o ] 0 Q 0 0 o B 0 0 0 Q i 0 0 V]
5.00 5.20 D0.06006 o3 o L) a 0 0 2} 4 o 0 g 0 9 0 0 1]
5.20 5.40 0.00002 ¢ ¢ 0 Q 0 0 il o o [ 0 0 ] ] 0 0
5.40 5.80 0.06002 ¢ ¢ 0 9 0 0 ] 2 0 0 ¢ 0 g ] 0 0
Parts per thousand 24 410 286 1240 82 67 1¢ V] 4] o ¢ lu] a 0 1] 0

for each wave period
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Table 2.20  Distribution of wave height and direction at inshore
point C

Data in parts per hundred thousand
Hs is the significant wave height in metres
P{H>Hl} is the precbability of Hs exceeding HI

Total number of hours = 155182
Based on HINDWAVE predictions for January 1274 - February 1992

H1l To H2 P{H>HL) Wave direction in degrees Worth

~1iQ 10 30 50 70 90 11¢ 130 150 170 {90 210 230 250 270 2%0 310 330
10 30 50 70 90 110 13¢ 150 170 190 210 230 250 270 290 310 33¢ 350

0.00 0,20 0.,97749 2052 1731 1414 1265 1450 1216 1584 4B2 393 1016 1209 2134 2495 2234 2821 1423 1837 2065
0.20 0.40 ©0.68927 900 942 1357 1836 3101 2136 2065 1142 1405 1819 1916 2931 2817 2131 2378 1792 1305 §83
0.40 0.50 0.36072 73 118 274 673 1528 2145 1009 636 1406 1645 2118 1838 636 161 180 351 126 123

0.60 0.80 0.21031 1 11 51 106 576 1684 1252 €1% 1511 2006 1081 13e 25 9 8 19 7 4
0.80 1,90 0.11928 o 2 4 19 165 756 694 575 1338 1249 291 52 3 0 0 0 0 0
1.00 1,20 40.08779 "] i 0 1 33 336 432 486 BTS 40E 75 8 g 0 0 0 0 H
1.20 1.40 0.04121 ] q 0 Q 10 187 209 320 835 199 [3 1] 4 0 0 0 0 0
1.40 1.60 0.02486 o q 0 ) 3 95 149 452 359 18 Q o ] o 0 0 0 0
1.60 1.80 0.01411 D] L] 0 0 0 67 97 85 137 11 ¢ ] Q 0 0 0 ] 0
1.80 2.00 0.01003 ¢ a 0 0 0 3 75 200 31 0 [ o q 1] 0 0 0 0
2.00 2.20 0.00634 1] q 0 [ i} & 107 44 52 Q 0 o q o 0 0 0 0
2.20 2.40 0.00426 4 q 0 a b} 2 33 126 16 0 1] :4 a o 0 0 0 0
2.40 2.60 0,00249 Q o 0 q 4 3 34 34 3 1} Q o q o 0 0 )] 0
2,60 2.80 0,00177 0 a 0 4] 0 q 24 37 2 0 0 ¢ a ] o 0 0 0
2.80 3.00 0.00114 0 (] Q 0 o 0 23 26 0 0 Q g 1] 0 0 0 0 0
3.00 3.20 0.000865 0 q a q o 0 T 18 0 0 0 [} 0 [+ 0 0 [ 0
3.20 3.40 0.00040 [+ 1] bl q q Q 7 8 0 0 0 0 0 "] ¢ 0 ] 0
3.40 3.60 0.00025 0 o a 0 ] 0 3 2 0 0 0 0 0 o ¢ 8 i 0
3.60 3.80 0.0002] Q 0 g 0 ] ] 1 8 0 0 0 0 0 ¢ ¢ 4] a 0
3.80 4.00 0.00013 1] ] q 0 Q 0 1 0 0 0 0 0 o Q ¢ b a 0
4.60 4.20 0.00013 0 o q 0 ] 1] 3 4 ! 0 0 0 o 0 Q G q 1}
4.20 4.40 0.00005 0 1] a 1] Q 0 q 0 0 0 0 0 o 0 Q I q 0
4.40 4.60 0.00005 0 \] Q [} 0 0 [+] 3 0 0 0 0 ] 0 [4 Q a 0
4.60 4.80 0.00003 0 i} q 0 1] o 1 1 0 0 i} 0 o 0 0 9 a '}
4.80 5.00 0.00001 0 0 J 1] 0 0 ] 1 [ 0 0 0 o 0 Q q q ]
Parts per thousand 31 29 32 40 70 38 30 54 85 85 3] 73 61 46 55 7 34 31
For each direction
gignificant wave heights for given exceedence levels
P(H>Hs) Wave direction in degrees North
All -10 1o 30 50 T0 90 1i0 130 150 170 90 210 230 250 270 290 3i0 330
dir, 10 30 50 70 90 Il¢ 130 150 170 190 23i0 230 250 270 290 310 130 350

0.50 0.32  0.14 0.16 ©.21 0,27 0,32 0,48 0.43 0.71 0,71 0.55 0,41 .25 0.23 0.20 0.1% 0,24 0.17 ¢.15
0.20 ¢.62 0.28 0.31 ©,36 0.40 0,52 0.76 0.89 1.38 1.12 0.83 0.62 0.46 0.36 0.33 0.32 0,36 0.32 ¢.29
a.10 G.87 0.35 0.37 ¢.41 0.52 0.63 0.95 1.19 1.73 1.35 0.956 0.74 0.54 0.42 0,37 0.37 0.40 0,37 0.36
0.05 1.3 4.38 0.4¢ 0.52 0.58 0.75 I.16 1.63 2.17 1.53 1.10 0.82 .58 0.51 0,32 0.39 0.51 0.3% 0.39
0.02 1.49 0,43 0.53 0.59 0.69 0.8% 1.40 2.15 2.59 1.79 1.26 0.96 0.47 0.57 0.50 0,49 0.57 0.50 ¢,50
0.01 1.80 0.52 0.57 0.69 0.76 0.97 1.58 2.5) 2.92 1.97 [.34 1.03 0,78 0.59 0.55 0.55 0.59 0.56 0.56
Average  0.41 0.17 0.18 ©.23 0,28 0,35 0.52 0.58 0.85 0,75 0.55 0.42 0.30 0.23 0.20 0.20 0.24 0.1% ¢.17
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Table 2.21  Distribution of wave height and period at inshore point C

Data in parts per hundred thousand
Hg ia the significant wave height in metres
P(H»HL) is the probability of Hs exceeding Hl

Annual
Total number of hours = 159192
Based on HINDWAVE predicticns for January 1974 - February 1992
H1 To HZ P(H>HL) Zero~orossing wave period in seconds (Tz}
(] 1.6 2.0 3.0 4.0 5.0 4.0 7.0 8.0 9.0 10.0 11,0 12,0 131.0 14.0 15

1.0 2.9 3.0 4.0 5.0 .0 7.0 8.0 9.0 10,0 1i.0 12,0 13.0 14.0 15.0 16.0
0.00 06.20 0.90560 216% 15464 0 0 0 o 1] G 0 0 0 0 0 0 0 0
0.20 0.40 0.68927 0 24072 8783 0 0 0 0 '] 0 0 o 0 0 0 0 1]
0.40 ©.60 0.36072 0 2208 12699 133 0 ¢ 0 4 0 0 0 0 4 ] 0 "}
.60 0.8 0.21031 0 0 6239 2864 0 ¢ o 0 Q 0 0 0 0 ] 0 o
0.80 1.60 0.11928 Q Q508 4640 i |13 0 4 0 0 0 a 0 ] ] 0
1.00 1.20 90.0677%9 0 Q 4 2446 208 i} o 0 i} [} 1] ) Q 0 0 7]
1.20 1.40 0.04121 0 9 0 878 757 ¢ 0 g Q 0 o 0 0 0 0 0
1.40 1.60 0.0248% 0 Q 0 111 964 i3 3 4 Q Q o 0 0 )] 0 ¢
1.60 1.80 0.01411 0 0 0 13 kLT ¢ 0 0 0 0 o 0 0 a ] o
1.80 2.60 0.0:1003 0 a 0 0 145 24 o 4 0 0 o 0 0 0 0 o}
2.00 2.2G 0.00634 1} a 9 0 68 141 ¢ 0 1] 0 o 0 1] o [} o
2.20 2.40 0.00426 0 0 )] 0 21 155 i3 0 0 o o 0 0 )] ] ¢
2.40 2.50 0.0024% 0 q ] 0 2 71 ¢ 0 0 0 [+ 0 0 9 ] ¢
2.60 2.86 0.00i77 0 Q 9 0 0 63 & 0 o 0 [ 0 0 ] ] ¢
2.80 3.00 0.00i14 0 Q ] 0 0 40 g 0 0 0 [ 0 0 9 9 [{
3.00 3.20 0.00065 0 0 ] 0 0 13 1z a o o 4 0 0 o ] 4
3.20 3.40 0.00040 1] a ] 0 [ 4 10 0 0 o [H 0 0 1 Q 4
3.40 3,60 0.00026 0 a a4 1} o 0 4 0 0 Q a 0 0 kil q 0
3.60 3.80 0.00021 0 Q9 [ a 0 4 8 a ¢ 3 4 ] 0 4 Q ]
3.80 4.0¢ 0.0001i3 0 Q 0 a 0 4 1 0 ] [} 0 0 0 ] Q 0
4.00 4.20 0.000:3 ] Q ] 0 0 ¢ B 0 0 0 4 0 0 0 0 o
4.20 4.406 0.00005 0 Q 0 0 0 ¢ ¢ 0 0 0 ¢ 0 0 0 Q 0
4.40 4.60 0.00005 Q o [ 0 0 ¢ 1 1 0 o 4 0 0 0 Q 0
4.60 4.8¢ 0.00003 o Q ] 0 0 4 1 1 o [ [H 0 0 il Q 0
4.80 5.0¢ 0.00001 0 Q ] 0 0 4 [ 1 b} ¢ 4 0 0 0 0 Q
Parts per thousand 24 505 312 122 Jo 6 1 0 "] o ¢ 0 0 a2 g 0

for each wave period
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Table 2,22  Distribution of wave height and direction at inshore
point D

Data in parts per hundred thousand
Hs is the gignificant wave height in metres
P{H>H1} is the probability of Hs exceeding HI

Total number of hours = 159192
Based on KHINDWAVE predictions for January 1974 ~ February 1952

H1 To H2 P(H>H1} Wave direction in degrees NHorth

-10 10 3o 50 70 90 110 130 150 170 190 210 230 250 270 290 310 330
10 30 56 T0 0 110 130 150 [I7¢ 190 210 230 250 270 290 310 330 350

0.00 0.20 0.97748 2061 1695 1518 1383 1381 1178 1583 398 448 858 1707 1374 2085 1297 28)6 1362 1806 2060
0.20 0.40 0.7071% 885 932 1360 1920 3096 2031 1665 8§35 1246 1775 2324 2529 1929 1512 2579 1743 1405 832
0.40 ©.60 0.39609 70 112 272 703 1586 2062 844 305 574 2104 2525 1053 757 261 165 318 222 125

¢.80 ©.80 0.25551 1 11 52 113 757 1530 1168 841 1001 1647 {529 334 61 20 6 19 11 4
0.80 1.00 0.L16446 I 2 4 19 132 657 528 468 643 2824 411 177 18 1 4 0 4 ¢
1.00 1.20 G.10563 0 a 0 1 52 217 376 299 739 1327 52 23 1 o 0 0 0 0
1.20 1.40 0.07475 Q a 0 0 12 119 161 149 286 1008 28 [ 4 ] a ] 0 a
1.40 1.60 0.0571% 0 q 0 0 1 36 95 175 312 1327 2 H 0 ¢ 0 0 0 0
1.60 1.80 0.03563 0 Q k] L] a 28 73 67 99 169 4 0 0 0 0 o 0 0
1.80 2,00 0,03123 0 0 9 ] Q ] 50 87 385 6565 4 0 0 0 0 o] 0 0
2,00 2.20 0.02026 o 0 o] ] a 1 24 35 40 422 0 0 0 0 0 a 0 0
2,20 2.40 0.01505 0 0 0 q 0 a 26 40 173 85 0 0 0 0 L] Q [ 0
2.40 2.60 0.01182 o 0 0 Q Q o 13 12 138 258 0 0 0 0 ] 0 a 0
2.60 2,80 0.00718 o ¢ 0 0 0 Q 7 19 43 18 0 0 ] 0 a 0 Q ]
2,80 2.00 0,00629 ¢ o 1] 0 i} 0 14 g 92 111 0 1 9 0 ] o Q 0
3.00 2.20 ¢.00404 0 [ t) o o ] 2 13 63 71 0 a a Q 0 0 0 q
3.20 3.40 0.00255 0 ¢ 0 0 [+ 0 0 3 40 14 g [} Q Q 0 4] 0 Q
1.40 .60 0.,00199 0 Q o 0 [ o 0 2 52 3 kil q 0 q 0 [} o 0
3.60 1.80 0.00143 0 a 0 o Q o o 2 19 23 q a 0 a 0 ¢ o ]
3.80 4.00 0.00099% 0 0 [+ 0 Y 4 0 5 28 4 q 0 0 0 0 ¢ 0 0
4.00 4.20 0.000862 0 0 [+ ¢ 0 ¢ o 1 19 4 Q 0 0 0 4 0 [ 0
4.20 4.40 0.00038 0 0 0 (] 0 0 [} 1 8 4 Q o 0 0 ] 0 ¢ ]
4.40 4.60 0.00025 0 0 0 1] 0 0 ] Q 3 1 0 o ] 0 ¢ ] a ¢
4.60 4.80¢ 0.00022 [ o 0 0 0 0 a 0 4 ] o ] G 0 [ 0 0 0
4.80 5,00 0.00018 ] [ 0 0 0 0 0 0 16 0 0 [+ 4 ) 0 0 0 0
§.00 5,20 £.00002 Q g 0 0 )] ] 0 0 ] 0 o 4 ¢ 4 0 0 0 4
5.20 5.40 0©.00002 Q ] 0 0 1] 0 0 0 2 0 g 0 0 Y 0 0 0 0
Parts per thousand R 28 33 42 72 B0 68 33 48 150 @8 56 50 35 57 35 35 a1
fot each direction
Significant wave heights For given exceedence levels
P{H>Hg) Wave direction in degrees Horth
aAll -1¢ e 30 50 7¢ %0 110 130 150 170 190 210 230 250 270 290 310 330
dir. 10 30 50 70 8¢ 1l¢ 130 15¢ 170 190 230 230 250 270 290 31¢ 330 350

0.50 9,33 0.14 0.16 0.21 0.27 ©.33 0.46 0.40 0.66 0.80 0.85 0.41 0.30 0,23 0.24 0.1% 0.24 6,19 0.15
0.20 0.72  0.28 0.31 0.35 0.40 0.54 0,73 ¢.51 1.09 1,54 1.42 0.64 0.4% 0,38 0.35 0.32 0.36 0.33 0.3%
0.10 1.04 0.35 6.37 0.40 0.52 0.66 0.88 1.0% 1.50 2.22 1,84 0.75 0.59 0.4% 0.39 0,37 0.40 0.38 0.36
0.05 1.47 0.38 0.40 0.52 0.58 6.76 1.00 1.36 1.88 2.81 2,15 0.83 0.75 0.56 0.48 0,39 0.50 0.45 0.3%
o0z 2.01 0.42 0.52 0.5% 0.65 0.88 1.24 1.82 2.31 3.46 2,57 0.96 0.50 D.59 0.56 0.47 0.57 0.55 0.51
.ot 2.48 0.51 0.57 0.69 0.76 0.99 1.37 2,18 2.75 3.80 2,95 1.00 0.96 0.70 0.55 0.54 0.59% 0.58 0,56
Average  0.48 0.16 0.18 0.22 0,27 0.36 0.49 0.53 0.7¢ 1.02 0.94 ¢.42 0.33 6.25 0.24 0.20 0,24 0.20 0,17
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Table 2.23  Distribution of wave height and period at inshore point D

Data in parts per hundred thousand
Hs is the aignificant wave height in metres
P(H>H1} iz the probability of Hs exceeding Hi

Annual
Total number of houras = 159182
Based on HINDWAVE predictions for January 1974 — February 1852

Hl To H2  P(H-HL) Zerg-crossing wave peried in seconds (Tz)
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.¢ 10.0 11.0 12.0 13.0 i4.0 1i6.0
.0 2.0 3.0 4.0 5.0 6.0 7.6 4.0 g.¢ 10.0 11.0 12.0 13.0 14,0 I15.0 16.0
0.00 0.20 0.%0231 1724 17788 Q a 0 0 0 0 ¢ 0 0 a ¢ 0 0 0
0.20 0.46 0.70719% 0 21470 9640 0 0 1 0 0 ¢ 0 0 ] ¢ 0 ] 0
0.40 0.606 0.39609 0 1521 12488 50 a 0 0 0 4 0 0 0 [+ 0 0 0
0.60 0.80 0.25551 Q 0 68511 2194 0 0 0 0 ¢ 0 0 0 0 0 i} 0
0,80 1,00 0.16446 a 0 358 5524 i 0 0 0 4 0 0 0 g 0 0 0
1,00 1.,2¢ 6.10563 Q 0 & 2132 9§51 0 0 0 4 0 0 0 a 0 [} 0
1.20 1.46 Q.07475 q 0 a 857 306 0 0 0 0 0 0 0 ¢ ] ] 1}
1.40 1.60 0.05711 [ 0 9 127 18863 158 0 0 0 a 0 0 o 0 0 0
1.60 1.86¢ ¢.03563 Q 0 Q 16 388 35 0 0 0 0 0 0 4 0 o 0
1.80 2.00 0.03123 Q 0 o Q 541 556 0 0 0 0 0 0 0 [ [ 0
2,00 2.2¢ 0.02026 a 0 a 0 120 401 ] a 0 0 0 0 a 0 o 0
2.20 2.46 G§.0l505 Q 1] ] 0 35 256 a2 0 (] 0 0 0 4 o o 0
2.40 2.60 0.0ll82 Q 0 Q a 9 264 193 0 0 0 0 0 [H [} ] 0
2.60 2,80 (.00716 Q a ] a i 79 8 0 0 0 0 0 0 o} I} 0
2.80 3.00 ©.00629 Q 0 4] 0 1] 97 128 0 0 0 0 0 a ] ] 0
3.00 3.20 0.00404 a 0 4 0 0 32 112 4 0 0 0 0 a o ¢ o
3.20 3.40¢ (.00255 9 0 ] 0 Q 15 41 0 0 0 0 0 0 o o 0
3.40 3.80 C.00199 0 ] 0 0 0 0 55 i 0 0 0 0 0 o o o
3.60 3.8C €.0014) a 0 o ] 0 1 43 1 0 0 ] 0 0 [ 1] 0
3.80 4,00 0,00099 a 0 4] 0 a 0 28 9 0 0 0 0 Q 3 G 0
4.00 4.20 0.00062 Q 0 ] 0 0 0 20 4 1] 0 0 0 0 ¢ [+] 0
4.20 4.4¢ 0.00038 Q ] ] 0 Q 0 8 5 0 0 0 0 0 [+] 4 0
4,40 4d.60 0.00025 O 0 ] 0 0 0 2 1 0 0 0 ] ] & [ 0
4.60 4.80 0.00022 ] 0 b} 0 0 0 1 4 0 0 0 0 Q [ o ]
4.80 5.00 0.000i8 Q 0 ] 0 Q 0 1 14 0 0 ] L] 0 [+ [+ 0
5.00 5.20 G.00002 Q 0 ] 1] 0 0 0 0 0 0 0 )] 0 [+ 4 o
5.20 5.4¢0 ©.00002 Q9 0 ] 0 0 0 0 2 0 0 0 o (1] ¢ ¢ 0
Parts per thousand 13 452 326 121 53 21 7 1 0 1] 0 Q 0 [ ¢ ]

for each wave period
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Table 2.24  Distribution of wave height and direction at inshore
point E

Data in parts per hundred thousand
Hs is the significant wave height in metres
P{H-H1) is the probability of Hs exceeding Hl

Total number of hours = 159192
Based on HINDWAVE predictions for January 1974 ~ February 1992

Bl To B2  P{H»HI) Wave direction in degrees North

~10 10 o 50  7¢ %0 110 13¢ 150 170 190 210 230 250 270 290 310 330
10 30 50 70 90 116 130 150 170 190 210 230 250 270 290 310 330 350

0,00 0.20 0.9774% 1999 1689 1441 1407 1311 1156 1351 619 452 655 1721 1769 1354 1312 2425 1405 IT68 2086
0.20 0.40 0.71827 867 913 1356 1942 3037 2045 1608 805 1081 1817 2559 1882 2080 1261 1135 1650 1217 870
0.40 0.60 0,43681 67 112 272 699 1476 2036 941 313 211 2076 2868 1074 1308 196 160 351 121 123

0.0 0.80 ©,29276 1 10 52 109 332 1543 1249 729 1102 2999 3309 176 380 69 ig8 17 7 4
0,80 1,00 ©0.17169 [H 2 ] 17 28 542 666 242 475 2525 1663 13l K} T 0 [ o [
1.00 1,20 9.10827 0 [+3 0 1 13 170 388 337 496 2736 380 1% 3 0 o 0 ] [
1.20 1,40 0.06285 [H 0 0 0 3 64 219 224 255 1427 89 1 L] o 0 1] Q 0
1.40 1.60 0.04004 0 0 0 Q 1 92 100 12% 302 80! 29 ¢ o [+ 0 0 Q 0
L,60 1.80 0.0255% 0 [ 1] q 0 21 46 154 289 379 4 a o 4 0 0 0 Q
L.a0 2.00 0.01s841 1] Q 0 1] q 25 34 94 228 169 o 0 [ ¢ 0 0 Q 0
2,00 2.20 0.01091 0 0 [} 0 0 o 23 62 183 86 0 0 4 ] L] ] 0 0
2.20 Z.40 0.00737 0 0 0 [} 0 0 3 73 103 4e o3 0 0 Q 1] Q 0 o
2,40 2.60 0.00512 0 0 ] 0 0 0 L8 35 46 26 G 0 0 0 0 Q 1] 0
2.60 2.80 0.00388 0 0 o 0 0 0 13 31 83 g 4 0 0 0 Q Q [ [
2.80 3.00 0.00242 a 0 0 ] o 1] 2 2% 34 1 0 ] 0 0 1] i) M 4
3.00 3.20 G.00176 kil 0 Q [+ 0 o 4 11 20 2 0 Q 0 0 0 0 0 Q
1.20 1.4C 0,00138 a 0 0 ¢ 4] 0 4 13 41 0 0 i 0 0 0 0 0 0
J.40 3.s0 0.800B0 Q a 0 0 o3 [ 0 i 1 0 0 L] i} 8 0 0 Q 0
d.60 3.80 0.0C079 ] L} 0 Q 4 Q 0 22 18 0 0 g & ¢ o o 0 0
3.80 4,00 0,000329 Q Q 0 a ¢ 4 0 k] & 0 0 a o Q o] o 0 a
4.00 4.20 0.00030 0 0 0 0 0 4 0 4 5 0 0 ] 0 0 ] o 0 0
4.20 4.40 0.00021 0 0 0 0 ] 0 0 3 3 ] 0 0 0 Q [ 4 0 ]
4.40 4.80 0,00015 o 0 0 0 0 Q 0 1 a ] Q 0 q 0 0 0 0 0
4.60 4.80 D,00014 ] "] 0 0 0 0 0 1 1 q Q 0 Q 0 0 0 0 [
4.80 5,00 0Q.00012 i o a 0 0 0 1] 1 2 a ] "] 1] o 0 0 [ ]
5.00 5.20 0.00009 0 il a b 0 0 D] 3 1 0 Q G 1] 1] 0 0 0 0
5.20 5.40  0.00005 ¢ 4 Q o ] 0 ] o i 0 0 4 o o3 0 0 0 Q
5.40 5.60 0.00003 0 4 a Q ] 0 q 0 1 0 0 1] [ o 0 0 Q 0
5.60 5.80 0.00002 0 0 Q q ] & 1] 1 o 0 o 0 ¢ 0 0 ] 0 0
5.80 6.00 0.000801 Q Q 0 Q q a 0 q 1 ] ] 0 [ 0 b h] 1] 0
Parts per thousand jo 28 iz 43 63 79 48 40 56 161 12% 52 53 29 g 35 E i2
for each direction
gignificant wave heights for given exceedence levels
P{H>K=) Wave direction in degrees tlerth
All -10 10 36 50 70 90 110 13¢ 150 170 190 210 230 250 270 290 310 330
dir. 19 30 50 76 90 110 130 150 170 180 210 230 250 270 2%¢ 316 330 350

0.50 0.36 0.14 9,14 0.21 0.27 0.31 0.45 0.47 0.65 0
0.20 0.75 0.28 0.31 0,35 0,40 0.48 0.71 ©.85 1.28 0.35
0.10 1.04 0.35 0.37 9,41 0.51 0.57 ©¢.85 1.10 1.78 0.40
0.05 1.31 0.38 0.40 0.52 0.58 0.64 ©.99 1.33 2,28 2,39 1.58 0.98 0.68 0.68 0,53 (.40 0.51 0.39 0.39
.02 1.72 0.43 0.52 0,59 0,68 0.75 1.34 1.69 2,88 2,95 1,82 1,13 0.87 0,77 0.65 §.53 0.57 6.51 0.50
G.74
.23

LT7 4081 0.53 0.27 0,31 0.2 0.15 0.23 0,17 0,14
.58 1.18 0,77 0.47 0.50 0,30 0.356 0.32 0.28

.00 1,39 0.91 0.56 0.58 ¢.J6 0.41 €.37 0.36

[P N I S

9,01 2.05 0.51 0.57 0.70 0.75 0,79 1.53 1.99 3.38 3.33 2.02 1.20 0.95 ¢.79 0.57 .59 0.56 0.56
Average 0.48 0.16 0.18 0.23 0.27 0,32 0,48 0.55 9.81 0.97 0.8 0.52 0,30 ¢.33 6.18 0.23 0.19 0.17
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Table 2.25  Distribution of wave height and period at inshore point E

Data in partg per hundred thougsand
Ha is the significant wave height in metres
P{H>H1] is the probability of Hs exceeding Hl

Annual
Total number of hours = 159192
Based on HINDWAVE predicticons for January 1874 ~ February 1992
Hl To H2 P{H>=H1) Zero-crosging wWave pericd in seconds {[Tz)

0.0 1.0 2.0 j.o 4.0 5.0 6.0 7.0 8.0 8.0 10,0 11.0 12.0 13.0 14.0 15.0

1.9 2.0 3.0 4,0 5.0 6.0 7.0 8.0 9,0 10.0 11.0 12.0 13.0 14.0 15.0 18B.0
0.00 0.20 0.90601 1742 17032 a 0 )] 0 0 U 0 0 0 a Q 0 0 0
0.20 0,40 ©.71827 0 18394 9752 0 0 0 0 0 0 0 ] o 2 0 0 0
0.40 0,60 ©.43681 6 1202 13192 il 0 ] 0 0 0 0 0 0 q 0 0 0
0.60 0,80 ©.29275 L] 0 6874 5228 0 0 0 0 0 0 0 0 a [} 0 1]
.80 1.00 0.1716% 0 0 731 5611 0 0 0 1] 1] ] 0 0 Q 0 0 0
1.00 1.20 0.10827 0 [+ 18 4507 is 0 0 a 1] 0 0 0 2 0 0 0
1.20 1.40 0.06285 0 0 ¢ 1756 525 0 ] 0 0 0 0 H Q ] 0 0
1.40 1.60 0.04004 0 0 ¢ 27y 111 0 0 a 0 0 0 Q Q 0 0 0
1.60 1,80 0.02555 0 G ¢ 58 846 0 0 0 0 0 0 4 Q 0 0 0
1.86 2.00 0.01641 0 0 ¢ 4 518 27 0 0 0 0 0 [+ ] 0 0 0
2.4 2.20 0.01091 ] 4 ¢ a 289 85 0 1] 1] ] 0 4 ¢ 0 (] 0
2.20 2.40 0.00737 0 |3 o 0 91 134 0 0 0 0 0 0 ] 0 0 0
2.40 2.60 0.00512 0 4 5 q 24 101 0 0 0 0 0 ¢ 4 0 0 0
2.60 2.80 0.00388 0 o 0 Q 4 142 0 a 0 0 0 0 0 0 0 0
2.80 3,00 0.00242 0 [ 0 2 0 66 0 a 0 0 0 ¢ [} 0 0 0
3.0 3,20 D,00176 0 o o 9 Q 28 10 Y 0 0 0 ¢ ] 0 0 0
3.20 3.40 0.00138 a 0 0 q 0 22 kL 0 0 0 0 G 0 0 Q 0
3.40 3.60 0,00080 a 0 0 o 0 1 i ¢ 0 0 0 [ 0 0 0 Q
3.0 3.80 0.00079 0 0 0 0 ¢ 4 36 0 a a a s 0 ] 0 0
.80 4.60 0.00039 0 1] 0 b 0 Q 9 Q 1] [ 0 [+ 0 0 0 0
4,00 4.20 0,00030 4 0 i} 0 0 0 9 4 0 0 a ] 0 0 0 0
4,20 4.40 0.00021 0 0 0 ] 0 0 6 4 0 0 0 [ 0 0 0 0
4.40 4.60 0,00015 a 0 0 Q H 0 1 0 [} a 0 ] 0 0 0 0
4.60 4.BG 0,00014 ¢ 0 0 L] ¢ 0 1 1 4 Q ] 0 0 0 0 0
4.80 5&.00 0.00012 ¢ o o 0 =3 0 1 2 H 4 0 0 ] 0 0 0
5.00 5.20 0.00009 ¢ q 0 1) o 0 0 4 Y 4 Q o 0 0 0 (]
5.20 5.40 0.00005 4] 0 0 0 3 0 0 3 0 4 4 0 0 0 0 Q
5.40 5.60 0.00003 o Q 0 0 o3 a ¢ 1 ¢ [H 0 0 0 1] a 0
5.66 5.80 0.00002 [ q q 0 0 0 [ 1 |13 4 0 0 0 0 0 0
5.80 6,00 0.00001 0 Q Q 0 0 o 4 1 4 ¢ 4 0 0 0 0 a
Parts per thousand 19 404 337 193 g ki 1 o H i ¢ 0 0 1] Q Q

for each wave period
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Table 2.26  Distribution of wave height and direction at inshore
point F

Date in parts per huadred thousand
Ha iz the significant wave height in metres
B{H>H1} is the probability of Hs exceeding Hi

Annual

Total number of hours = 159192
Based on HINDWAVE predictions For January 1574 - February 1992

HI To H2 P(H>H1} Wave direction in degrees North

-10 10 kI 50 0 90 110 130 150 170 3194 210 230 250 270 2%0 310 330
50 10 90 110 130 150 170 [%0 210 23¢ 250 270 290 316 330 350

[
<

wn
End =
o o

0.00 0.20 0.96568 835 702

Ny
e
N

101 1443 6419 1205 624 780 1172 900 2596 7835 3506 724 1030 646
[}

0.20 0.40 0.85302 4 ¢ Q ] 0 50 4904 2670 668 994 1631 2144 3664 4702 258 0 3
0.40 0.50 0.44135 a 0 0 q 4] 0 1964 1342 762 517 1212 2738 4351 2197 4 0 o [
0.60 0.80 0.23%047 0 0 0 a q 0 672 1967 544 778 1389 2949 2433 426 0 0 2 Q
0.8¢ 1.00 0.1783%1 ] 0 0 0 Q 0 223 964 766 714 1178 2216 719 18 0 ] 0 0
1.0 1,20 ¢.11082 0 0 0 o a o 35 744 258 579 1307 1221 134 2 0 q ] 0
1,20 1.4 0.06809% ] 0 0 0 0 o3 5 255 351 513 639 533 21 1] 0 Q 0 0
1.40 1.60 0.04492 a 0 ¢ 0 0 e 0 215 255 457 661 209 q 0 0 0 0 0
1.60 1.80 0.02684 q a H [ o ¢ 0 155 178 205 279 81 0 0 Y 0 ¢ 4
1.80 2.00 0.01785% 0 q 0 [ 0 [ 0 26 126 169 287 13 0 ] Q 0 ¢ ¢
2.00 2.20 0.01184 0 Q 0 0 [ 0 0 109 89 153 73 4 o a 0 o 0 [
2.20 2.40 0.00737 0 1] 0 0 0 0 )] 24 17 84 40 G 1] ] a a 0 0
2.40 2.69 0,00552 ] o 0 0 0 0 a 48 77 66 52 0 q q o 0 0 0
2.60 2.80 0,00310 o o 0 9 0 i} 0 11 6 44 is a Y V] o Q 0 0
2.80 3,00 0.00234 o o q ] 0 0 Q 13 is 26 9 0 0 D ¢ 1] i} o
1.00 .20 0.00147 o 0 Q ] B] 0 0 2 1 14 7 0 0 0 0 0 4 ]
3.20 3.40 0.00124 0 [ q 0 a ] 1] 23 23 20 6 0 0 ¢ 0 0 a a
3.40 13,60 0.00052 0 0 0 0 0 0 0 5 H 1 1 0 0 0 0 0 Q 0
3.e¢ 2.80 ¢.00044 0 0 0 0 0 0 o i 5 5 2 a ] 0 0 Q 0 0
3.80 4.00 6.00028 0 0 0 [} 0 0 ¢ 2 1 3 § Q q ] 0 Q 0 0
4.00 4.2¢ 0.00019 ] 0 4 1] 0 13 [H 1 i 2 0 0 Q 0 ] 0 o 3
4.20 4.4¢ 0.00014 a ] H ¢ 0 13 Y 4 i 1 ] 0 0 ] a 0 ¢ |13
4.40 4.60 o0.co0008 a [+ [ [+ o 0 ] 3 0 q 0 0 0 bl i) G 0 a
4,60 4.80 0.00005 a q 0 a ¢ 0 0 Q 3 q ] ¢ 0 Q Q o 0 0
4£.80 5.00 0.00002 0 0 0 0 0 0 1) 1 1] (] a ¢ o ] 0 0 0 0
5.00 5.20 0.00001 Q 0 0 0 0 0 1) 0 1 (] a o & Q 0 0 0 0
Parts per thousand S 9 7 2 1 16 147 101 EL B4 97 135 144 157 39 7 11 7
for each direction
$ignificant wave heights for given excesdence levels
P{H>Hs) Wave direction in degrees Morth
all -10 10 3 50 70 90 116 130 150 170 190 210 230 250 270 280 31¢ 330
dir. i 3o 56 ¢ 90 310 130 150 170 130 210 230 250 270 290 310 330 350

0.50 0.34 0.00 0.00 0.00 0.00 0.0C G,10 0,22 0.53 0,69 0.77 0,76 0.63 0.42 0.19 §.10 0.00 0.10 0.00
0.20 0.76 0.00 0.00 0.00 0.00 .60 .17 0.40 0.92 1.30 1,40 1.25 0.94 0.64 .38 0.17 0.00 0.16 0.900
0.10 1.0% 0.00 0.00 0.00 0.00 0,00 ©.19 0.55 1.17 1.68 1,75 1.55 1.12 0.75 ©.50 Q.19 0.00 0.18 0,00
0.05 1.36 0.00 0.00 0,00 0.00 6.00 €.22 0.66 1,53 2.03 2.013 1.82 1.26 0.64 6.57 0.27 0.00 0.18 0,00
0.02 1.75 0.00 0.00 0,00 0,00 0.00 0.00 0.7% 2,08 2.55 2.57 2.10 1.44 0.96 0.66 0.35 0.00 0.20 0.480
0.01 2.08 0,00 0,00 0.00 0.00 0.00 0.00 0,90 2.46 2.93 2.86 2.40 1,56 1,02 0.74 0.38 0.00 0.20 0.00
Average 0.47 ¢.10 0,10 0.10 0.10 0.10 0.11 0,24 0.62 0.82 0.B7 0,81 0.64 0.42 0.23 0,11 0.18 0.10 0.1q
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Table 2.27  Distribution of wave height and period at inshore point F

Data in parts per hundred thousand
He is the significant wave height in metres
P(H>Hl) is the probability of Hs exceeding Hl

Annual
Toral number of hours = 159192
Based on HINDWAVE predictions for January 1974 — February 1992

H! To HZ FH=H1) Zero~crossing wave period in seconds (Tz)
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 1j,0 14,0 15.0
1.9 2.0 3.0 4.0 5.0 6.0 7.0 g.0 9.0 10.0 11.0 12.¢ 13.0 14.0 13.0 16.0
0.00 0.20 0.86178 4435 14666 1775 ] 0 0 0 0 0 0 0 0 0 0 0 0
0.20 0.40 0.65302 0 6519 13856 332 0 0 ¢ 0 0 0 0 0 0 0 0 0
0.40 0.60 0.4413% Q 4 13329 1755 0 0 4 0 0 0 ) 0 1} o 0 i}
0.60 0.80 0.2%047 a 0 61831 4948 25 0 0 a 0 b] 0 0 0 o '] a
0.80 1.00 0.17891 Q 0 396 6324 79 (] 0 0 0 0 0 U 0 0 0 a
1.00 1.20 0.11092 Q 0 2z 3777 h04 0 4 0 )] [ 0 a 0 [ o 0
1.20 1.40 0.05809 Q 0 0 1680 637 0 ¢ 0 0 0 0 0 0 i} [} a
1.40 1.60 0.04492 0 0 0 200 1586 22 ¢ 0 0 0 0 0 1] ] ¥] 0
i.60 1.80 0.02684 o 0 0 21 812 a7 4 0 ] 0 0 0 0 o [ i}
i.80 2.00 0.01785 ] 0 Q 0 531 90 4 1] 0 )] 0 0 o [ [ 0
2.00 2.20 0,01154 ] 0 0 0 200 226 [+ (1] 0 0 0 a 0 0 o 0
2,20 2,40 0,00737 0 0 a 0 40 138 B 0 0 0 0 0 0 L) 1} Q
2,40 2,60 0.00552 ] 0 0 0 13 221 B 0 0 ] 0 0 0 o o 0
2.60 2.80 £.00310 0 0 q 0 1 67 g a 0 0 0 0 0 4 4 0
2.80 .00 0.00234 0 Q 0 0 4 76 11 a 0 0 0 0 0 o G 0
3,00 3.20 0.00147 0 1] 0 0 4 1% 7 0 0 0 0 0 0 0 o 0
3,20 3.40 0.00124 0 0 9 0 0 18 56 0 0 0 0 4 0 o o 0
3,40 3.80 0.00052 0 0 9 0 ¢ 1 & ¢ 1] ] 0 4 o 0 [+ 0
3.60 3.80 0.00044 0 0 Q 0 [ o 15 H 0 0 0 0 0 [} 0 Q
3.0 4.00 0.00029 0 [+ Q 0 ¢ o g 3 0 0 0 0 0 ¢ @ Q0
4.00 4.20 0.00019 0 0 O 0 4 & 5 0 0 0 0 0 ] 0 0 i}
4.20 4.40 0.0001¢ 0 ¢ ] 0 o 2 5 1 0 0 0 0 0 ] o Q
4,40 4,60 0.00008 0 @ ] 0 o ¢ 0 3 0 ] a ¢ 0 o [ Q
4,60 4,80 0.,00005 0 o 0 0 0 ¢ 0 3 0 0 0 ¢ 0 o o Q
4.80 5,00 0.00002 0 o [} 0 1] 0 0 1 0 0 0 0 0 0 o a
5.00 5.20 0.00001 0 o 0 0 0 1] o 1 0 0 0 [+ 0 0 e} Q
Parts per thousand 51 251 412 222 51 i1 2 o 0 0 0 0 1] 0 o q

for each wave period
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Table 2.28  Distribution of wave height and direction at inshore
point G

Data in parts per hundred thousand
Hg I8 the sgignificant wave height in metres
P{H>H1} is the probability of Hs exceeding H1

Total number of hours = 152152
Based on HINDWAVE predictions for January 1974 - February 1992

H1 To H2 P{H>H1) Wave direction in degrees MHorth

-10 10 30 50 70 %0 1lo 130 150 170 196 210 230 250 270 299 310 330
10 30 50 70 $0  11¢ 13¢ 150 170 190 216 230 250 270 290 310 330 350

0.00 ©.20 0.96537 526 841 700 214 G042 244 S036 4723 649 545 1714 1316 3504 T710 3539 725 1030 646
0.20 0¢.40 0.62274 0 0 0 0 4 3 628 6953 1110 1395 1236 2197 3729 3319 297 9 3 0
0.40 ©0.50 0.41402 0 0 0 0 [ 0 3 2033 1030 273 1092 3729 2998 €93 4 a 0 o
0.60 ©.80 0,29547 0 0 0 0 [+ ] 0 376 957 1i45 1297 2473 1317 107 0 a Q 9
0.80 1.00 0.21875 ] 0 0 0 [ 0 0 18 781 447 1466 2452 173 1 5} 0 0 a
1.00 1.20 0.16538 ] 0 0 [/ ¢ 0 1] & 432 527 1603 1571 57 0 0 [d 0 0
1.20 1.40 0.12343 0 0 0 0 [+ 0 0 ¢ 146 332 1621 7Ti4 17 3 0 ] 0 9
1.40 1.60 0.03514 ] 0 0 0 [} 0 0 6 B3 237 1433 800 L ¢ o 1} 0 Q
1.60 1.80 0.06%40 0 0 0 0 ¢ 0 0 0 133 302 1856 254 0 [ 0 ] 0 Q
1.80 2.00 0.045S85 a 0 0 0 0 0 0 0 24 55 1034 28 0 e 0 1} ¥} ]
2.00 2.20 0.03458% Q 0 )] 0 0 0 0 0 52 267 1012 23 0 [4 [+] 0 ] Q
2.20 2.40 0,02102 a 0 ] 0 a ] 0 0 7 12 550 3 2} e [+] 0 [ 0
2,40 2.60 0.01531 [ ] ] 1] 0 0 0 0 26 132 388 a ¢ 4 [ 0 |13 0
2.60 2.80 0.00986 q b il 0 0 0 0 0 5 12 278 0 ¢ 0 ¢ 0 3 0
2.80 3.0 0.00691 Q o 0 0 0 0 0 0 3 75 1866 a 3 0 [ 0 ¢ 0
3.00 3.20 0.00446 0 0 49 0 0 0 0 0 3 ls 84 a 3 0 4 0 ¢ 0
3.20 3.40 0.00344 0 ] 0 ] 0 0 0 0 1 26 78 0 0 0 [H 0 0 o
2.40 3.60 ©0.00240 0 ] a ] 0 ] 0 ] 2 24 43 o 4 0 ¢ o 0 0
3.60 3.80 0.00170 0 a9 Q 9 0 0 9 0 K| 2 28 o ¢ 0 0 [+3 1] 0
3.80 4.00 0.00118 a Q Q [} 0 4 ] 0 1025 3% o )] 0 0 [H 1] [
4.00 4.20 D0,00076 '] Q 1] a9 0 b 1] 0 0 4 9 ] 0 0 0 0 0 [+
4.20 4£.40 D.00D06) 0 o] q q 0 4 q 0 0 1 14 o 0 0 Q 4 0 G
4.40 4.60 0.00045 0 a a o 0 0 0 0 0 6 4 0 0 0 0 ] 0 ¢
4.60 4.80 0.00035 0 Q a Q ] 0 9 o 0 0 4 ¢ 0 0 0 0 0 0
4.80 5.00 £.00030 0 Q Q a 0 0 0 ] o 8 3 [ 0 0 0 0 0 a
5.00 5$.20 0.00020 0 0 0 Q ] [ a o 0 1 3 [} 0 0 0 0 ] a
5.20 5,40 ©,00013 0 0 0 Q 0 0 Q 9 ] 3 1 4 0 0 0 0 0 0
5.40 5.60 0,DDOOB 0 0 q q 0 q q 0 o 0 ! ¢ 0 3] 1) Q 0 0
5.60 S5.80 {.00009 0 a 0 a ] 0 Q 0 0 0 1 4 0 ] 0 0 0 0
5.80 £.00 ©O,00008 1] 0 0 Q o 0 a 0 [ 1 2 [+ 0 ] 0 0 0 0
6.00 6,20 0.00006 ] 0 0 Q il 0 Q a ] 1] H ¢ 0 ] 0 0 0 a
6.20 5.40 0.00005 0 0 0 0 ] i} [ a ] [ 0 [H 0 9 0 q 0 0
6.40 5.60 O©.DDOOS ] 0 0 Q a9 Q q q 1] 0 5 4 0 ] 0 0 0 0
Parts per thousangd 5 9 7 2 5 3 59 148 57 61 175 161 123 123 490 8 11 7
for each direction
gignificant wave heights for given exceedence levels
PlH>Hs) Wave direction in degrees Horth
All -0 10 30 50 70 90 110 130 150 170 190 21¢ 230 250 270 290 316 330
dir. 10 30 50 70 90 iio 130 150 170 1%0 10 230 250 270 290 310 339 350
0.50 0.32 0.00 0.00 9,90 0.090 0.10 0.10 0.1 0.26 0.57 0.71 1.17 0.62 0.31 0.15 0,10 ¢.00 0.10 0.00
0.20  ©0.87 0.00 0.00 9.00 0,00 0.i% 0.16 0.%8 0.39 0.95 1.40 t.85 1.02 0.54 ¢.30 0,17 Q.00 0,16 0.00
0.10 1.37  0.00 0.00 0.00 0.00 0.18 0.18 0.21 0.50 1.17 2,01 2.1% 1.26 0.65 0.37 0.19 0.00 0.18 9,00
0.05 1.77  0.00 0.00 0.00 0.00 0.1% 0.19 0.31 0.57 1.5% 2,45 2.54 1.48 0.74 0.45 0.27 0.00 0.1% 9,00
0,02 2,24 0,00 0.00 0,00 0,00 0.20 0,20 0.36 0,46 1.90 2.89 2,96 1.60 0.80 0.56 0.35 0.00 0.20 0.00
9,01 2,59 0,00 0,00 0,00 0,00 0.20 0,24 0.38 0.73 2.17 3.51 J.36 1.71 0.94 0.68 0,38 6,00 0.20 9.00
Average ©.53 0,10 0.10 9.10 0,10 0.10 0.0 0.12 0.26 0.64 0.89 1,19 0.68 0.34 0.18 6.11 6.10 0.10 ©,10
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Table 2.29  Distribution of wave height and period at inshore point G

Data in parts per hundred thousand
Hs is the significant wave height in metres
P(R»Hi) is the probability of Hs exceeding Hl

Annual
Total number of hours = 159192
Based on HINDWAVE predicticons for January 1974 - February 1992

Hl To H2 PlH>HL) Zero-croseing wave period in seconds {Tz)
0.0 1.0 2.0 3.0 4.0 5.0 8.0 7.0 8.0 %.0 10.0 11.0 12.¢ 13.0 14.0 15.0
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15,0 16.0
0.00 0.20 0.833%% 4419 14850 1836 6 0 a Q a 0 4 0 0 4 0 0 0
0.20 09.40 0.62274 0 5837 1468¢ 356 0 0 Q 0 0 ¢ 0 0 ¢ Q 0 o
0.49 0,60 0.41402 0 5 10901 9459 0 Q 9 9 q ¢ 0 0 6 Q 0 0
0.80 0.80 0.29547 0 0 2823 484% 0 9 0 0 9 ¢ 0 0 ¢ Q 0 0
0.80 1.00 0.21875 0 0 57 5186 94 9 ] Q9 Q >3 a 0 o a 0 0
1.00 1.20 0.16518 9 0 0 3385 810 a9 bl a 2 B 0 0 ¢ 0 0 0
1.20 1.40 0.1234] Q 0 0 867 1954 3 ] 0 Q o 0 0 4 0 0 ]
1.40 1.80 0.09514 Q ] 0 67 2491 16 0 Q Q o 0 a o Q 0 0
1.60 1.80 0.06940 0 a 0 8 2241 95 0 ] ] [ 4 0 4] Q 0 0
1.80 2.00 0.04595 0 ¢ 0 0 482 653 ] ] [ 0 4 e 0 Q 0 0
2.00 2.20 0.02456 a9 ¢ 0 0 457 883 4 ] ] 0 ¢ g 0 Q 0 0
2,20 2.40 0.02102 [ ¢ a 0 46 525 0 [} o 0 ¢ 0 o Q4 0 0
2.40 2.80 0.01531 I & 0 0 16 509 21 0 0 0 4 0 0 Q 1] Q
2.60 2.80 0.0098% 0 |3 0 0 1 230 4 0 [\ 0 o & 0 o a Q
2,80 3.00 0©.00891 0 [ Q 0 1 163 82 0 0 0 4 ¢ 0 ] Y 0
3,00 3.20 ©.0044s5 0 o Q 0 ] 59 43 0 0 0 o 0 0 Q 0 0
2.20 3.40 ©0.00344 0 0 0 i} 0 14 90 0 0 1] [ [ 0 0 4 0
3,40 3,60 ©0.00240 0 0 9 0 [ 12 58 0 0 0 ¢ |4 0 ] 4 0
3.60 3.80 0©.00170 0 0 Q Q ] 2 i1 0 0 0 [t 4 o L] 0 0
3.80 4.00 0.00138 0 0 Q Q9 0 0 57 5 0 0 0 ¢ 0 bl 4 0
4.00 4.20 0.00076 0 0 1] a 0 0 13 1 0 0 0 o 0 9 [+ Q
4,20 4.40 0.000863 0 0 ] a 0 0 4 13 0 Q 0 ¢ Q 0 ¢ Q
4.40 4.60 0.00045 0 0 o ) 0 0 [ 4 0 u] "] 0 0 0 [+ i}
4.60 4.80 0.00035 a 0 ] Q 0 0 1 4 0 Q 0 0 0 0 ¢ 0
4.80 5.60 0.00030 0 0 0 [ 0 [H [H 10 0 q 0 0 0 0 o Q
5.60 5.20 0.00020 0 [ 0 0 0 a [+ [ 1 Q 0 0 0 0 [ Q
5.20 5.40 0.00013 ¢ q 0 0 0 ¢ 0 4 0 Q Q 0 a 0 0 a
5.40 5.6G 0.00009 4 q 0 0 0 ¢ ¢ 1 0 ki Q 0 1] 0 o a
5.60 5.80 0,00009 ¢ Q 0 0 0 ¢ o 0 1 i 0 a Q 0 o 9
5.80 6.00 0.00008 [+ b} 0 0 1 [} 0 1 1 ¢ 0 0 a 0 0 Q
6.00 6.20 0.0000% o 4] 0 0 ¢ 0 o ° 1 0 [ q k] 0 o ]
6.20 6.40 0.006005 0 a 0 0 4 0 o 0 ¢ 0 9 [ ] 0 0 0
5,40 &.60 0.00005 0 o 0 0 G o o ¢ 5 0 0 q 0 0 Q 0
Parts per thousand 5] 248 343 188 103 J9 5 1 i} 0 0 0 0 1+ a 0

for each wave period
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Table 2.30  Distribution of wave height and direction at inshore
point H

Data in parts per hundred thousand
Hs is the significant wave height in metres
P{H>H1) is the probability of Hs exceeding Hi

Annual
Total number of hours = 159192
Bazed on HINDWAVE predictione for January 1974 - February 1992
H1l To H2 P (H=B1} Wave direction in degrees Worth

~10 10 3¢ 50 70 20 ilo Y0 [0 170 130 210 230 250 270 290 310 330
16 30 50 70 0 110 130 150 17¢ 190 210 230 250 270 290 310 330 350

0.00 0.20 0,96537 526 837 704 222 374 614 5268 4056 546 417 1041 3331 3417 5445 3515 725 1030

a
Y
ah

0.20 0.40 0,63824 Q G 0 0 4 10 731 6087 901 552 1031 2649 4246 2423 296 0 Q9
0.40 0.60 0.4488% 0 ¢ 0 [ 4 0 9 3140 454 762 999 3ITT0 2660 595 4 0 0 Q
0.60 0.80 0.324397 ] 0 0 4 0 0 1 659 1386 545 1109 3209 1533 68 [ ] o 0
0.80 1.00 0.23987 0 Q 0 0 1] 0 0 67 744 BT79 14063 2873 132 9 0 '] ¢ 0
1.66 1.20 0.17681 1) 0 g 0 0 0 0 11 393 284 1261 2678 1x 1] 0 o ¢ o]
1.20 1.40 0.130231 |13 0 a 0 0 0 0 1 127 477 1518 1180 5 0 0 0 0 0
1.40 1.80 ©.09713 a 0 ] 0 0 2] g 0 195 87 &éle 1129 3 ] 9 0 0 o
1.60 1.80 ©.07683 Q 0 ] 0 ] Q a 0 70 1B% 1844 527 4 a ] 0 0 4
1.80 2.60 0.,04852 0 [ 0 o a q q il 32 €4 692 195 0 0 ] 0 0 0
2.00 2.20 0.0186E 0 o 0 Q a 0 Q 0 26 269 985 134 0 0 a ] 0 1]
2,20 2.40 0.62453 0 9 0 Q Q 0 0 0 34 24 324 13 0 o} 0 0 g 0
2.40 2.60 0.02004 0 q 1] 0 0 1] ] 0 5 101 640 33 0 1] 0 0 i} 0
2.60 2.80 0.01226 o 0 o 0 1] o o 0 3 13 224 2 1) 0 o ] a 0
2.80 3,00 0,00584 o 0 4 0 0 0 o 0 3 6 325 i )] ) 0 9 Q ]
3.00 3.20 0,00648 13 0 4 0 0 ¢ 4 0 1 63 133 1 ] ¥ o a Q )]
3.20 3.40 0.00449 L ] Q 0 1] 4 o i 1 T 134 0 1 0 o] 0 0 ]
J-40 2.80 0.00307 0 v 1] 0 1] Q ¢ [+ 3 12 T3 Q 0 0 G 0 0 i
3.60 J1.80 0.00219 a |2} bl [+ 0 0 0 4 1 21 57 0 q 0 0 0 [ Q
3.80 4.00 0.0013% 0 ¢ 0 ¢ 4 0 0 [+ 0 2 47 0 i} 0 ] 0 0 0
4.00 4.20 0.00030 0 [} 0 ¢ 0 0 0 0 0 19 15 o 0 0 1} ¢ 4 0
4.20 4.40 0.00057 0 [t} 0 0 0 0 0 0 0 i 18 ¢ 0 ] 0 0 o 1]
4.40 4.60 0.00037 ] 0 ] 0 0 0 0 ] )] 1 5 ¢ 0 ] ] 4 0 0
4.60 4.80 0.00031 [} 0 ] 0 0 0 0 0 )] 3 3 0 0 a ] ] 0 0
4.86 5.00 0.00020 0 0 k4] 0 0 0 0 0 1] 1] 1 0 ¢ Q Q 0 0 1
5.00 §5.20 ©0.00019 1] 0 Q 0 ) i} Q 0 q g 8 0 ¢ 0 q 0 0 4
5.20 5.4¢ 0.00004 4 0 (] 0 ] o 4] [} 0 o 3 0 a 1] a ] 0 0
5.40 5.60 6.00002 0 0 0 0 ] a i 1] Q 1 0 0 a o] a 0 0 Q
5.60 5.8%0 £.00001 q 0 0 o il q 0 1] 0 0 0 0 0 1] \] 0 0 0
5.80 6.60 ¢©.0000L q [ 0 a a q Q Q 0 0 1 0 0 '] \] 2] [ 0
Parts per thousand 5 9 7 2 4 6 62 145 51 52 150 226 127 48 40 g 1 7
for each direction
significant wave heights for given exceedence levels
F(H>H3) Wave direction in degrees {lorth
All -10 10 30 50 K 90 110 13¢ 150 170 %0 216 230 250 270 250 310 330
dir. 10 3o 50 76 9¢ 110 130 150 170 190 21¢ 230 250 270 2%% 310 330 1350

0.50 0.35 0,00 ¢.6¢ 0.00 0.00 0.10 0.10 0.11 0.29 0,67 0.83
0.20 0,93 0.00 0.060 0.00 0.00 0.16 0.16 0,18 0.46 0.%7 1.53
0.10 1.38 0.00 0.00 0.00 0.00 0.18 0.18 0,23 0,55 1,20 2.03

1 6.65 6.32 0.15 9.10 0,00 0.10 0.00

2

2
0.05 1.79 9.00 0.00 0.00 0,00 0.19 0,18 0.32 0.60 1.52 2.40 2,

3

3

1

22

00 1.11 ©.55 0.31 0.17 0.00 0.16 0.00

46 1.37 0.68 0.38 0.9 0.00 0.18 0.00

85 1.57 0.77 0.48 0.27 0,00 0.19 0.00

0.02 2.40 0.00 0.00 .00 0,00 0,20 0.20 0.37 0.74 1.85 3.12 3.30

0.01 2.79 0,00 0.00 ¢.00 0.00 0.20 0.27 0.3% 0,78 2,20 1,67 63
Average 0.556 04,10 0.10 ¢.10 0,10 0.10 0.10 ©.12 0.30 0.68 0.97 29

1.79 0.87 0.57 9.35 0,00 0.20 0.00
2.02 0.95 0.60 0.38 0,00 0.20 0.060
0.70 0.34 0.18 0.11 9.10 0.16 0.10
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Table 2.31  Distribution of wave height and period at inshore point H

Data in parts per hundred thousand
Hs is the significant wave height in metres
P{H>H1} is the probability of Hs exceeding HI

Annual
Total number of hours = 15%192
Based on HINDWAVE predictions for January 1974 ~ February 1992
H1l To H2 P(H>=H1} Zero-crossing wave period in seconds (Tz}

6.0 1.0 2.0 3.0 4.9 5.0 6.0 7.0 8.0 9.0 10,0 11.0 12.0 13.6 1l4.0 15.0

1.0 2.0 3,0 4.0 5.0 5.4 7.0 2.0 9.0 10.0 11.8 12.0 13.0 14,8 15.0 16.0
G.00 0.20 0.85803 4414 15520 1946 q Q9 i 0 Q q q 0 0 0 ¢ o] 0
4.20 0.40 0.53824 0 6332 12692 1 9 a9 [ 0 a a 0 0 0 [+ 0 0
0,40 0,60 D0.44889 0 5 10828 1559 ] a [} 1] a a 0 0 0 [+ o 0
0,60 0.80 ©.312497 0 0 4612 3898 4 { 0 0 2 q 0 0 0 Q 1] 0
9.80 1.00 0.23987 0 Q 229 8007 T4 ] 0 (] G ] 0 0 0 g [} 1]
1.00 1.20 ©.174681 0 0 3 4035 622 ] 0 ] q q 0 [} 0 0 ] 1]
1,20 1.40 0.13021 0 Q 0 1886 1423 a ] 0 4] a 0 0 0 ¢ 0 0
1.40 1.60 D0,09713 0 q Q 389 1835 7 0 0 [+ 0 0 0 0 [} o 0
1.60 1.80 D0.07683 0 0 a 21 2798 14 0 0 0 q 0 0 0 o 0 0
1.80 2.00 0.04852 0 a a 1 553 430 0 0 [ q 1] 0 0 [ 1] 0
2.00 2.20 0.03B868 [H 0 4 q 783 633 0 Q 0 q 0 0 0 [H \] q
2.20 2.40 0.02453 (] ] i) Q 62 386 0 a 0 q 0 0 0 o \J q
2.40 2.60 0.02004 0 9 a a 30 746 El q B 4 0 0 0 o o 1]
2.60 2.80 0.01228 4 q o Q 4 237 1 Q 0 ki) 0 0 0 1] o 1]
2.80 3.00 0.00984 ¢ Q 8 [ 1 333 2 a 0 ] 0 0 0 o 0 q
3.00 3.20 0.00648 0 0 4 ] 0 94 106 q 0 3} 0 0 0 0 0 q
3.20 3,40 0.00449 ¢ a [ 0 0 T0 T2 q 0 4] 0 0 o 1] 0 ]
3.4¢ 3,80 0,00307 ¢ i) [ [} 0 30 98 Q 0 & 0 0 & 0 ] 0
3.60 3.80 0.9021% [ |4 o o 0 5 14 Q9 0 L] 0 0 1 ] i) a
3.80 4.00 0.00139 ] ¢ [ 0 0 2 47 Q 0 0 0 0 & 1] a a
4.00 4.20 0,00090 o] & 0 0 0 1 33 q 0 0 0 0 1] 0 q q
4.20 4.40 0.00057 o 0 0 0 0 0 18 1 0 0 0 0 0 Q q q
4.40 4,60 0,00037 i} 0 0 0 [1} a & ] 0 0 0 0 0 0 0 Q
4,60 4,80 0,00031 0 0 0 0 [} a 9 2 0 0 0 [ [ 1] a ]
4.80 5.00 9.00020 ] 0 0 0 0 0 1 0 0 0 0 0 i} 0 q a
5.00 5.20 0.0001%9 o 0 0 0 0 0 1 14 ] 0 0 0 ] (] q g
5.20 5.40 ¢.00004 0 0 0 0 0 0 1 2 0 0 Q 4 o Q a a9
5.40 5.60 0.00002 0 0 0 0 0 0 0 1 0 0 0 0 0 0 ] a9
5.40 5.80 40,00001 i] 0 0 0 0 a 0 0 0 0 Q 0 0 a q g
5.80 4,00 @.00001 0 0 0 0 0 a 0 1 0 0 0 0 0 0 ] 0
Parts per thousand 51 256 352 207 33 35 5 0 0 0 0 [ 1] 4] kil bl

for each wave period
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Table 2.32  Extreme wave conditions at inshore point A

Hg is in metres, derived assuming 3-hourly events.
The values quoted are for unbroken waves. Wave breaking effects would
limit all the values marked with an asterisk (*).

Return Wave direction in degrees North
Period
(Yrs)
80 110 130 150 170 190 210 0
110 130 150 170 190 210 230 360
1 1.94 4.,00* 3.65* 2.65 2.28 1.25 0.91 4.24*
2 2.09 4.50* 4.11* 2.89 2.49 1.31 0.96 4,71*
5 2.28 5.16* 4,70* 3.20 2.75 1.40 1.03 5.34*
10 2.41 5.66*% 5.15* 3.42* 2.95 1.45 1.08 5.84*
20 2.55 8.16* 5.68* 3.63* 3.14 1.51 1.13 6.34*
50 2.72 6.82* 6.15* 3.90* 3.39* 1.68 1.19 7.02*
100 2.84 7.32* 6,58* 4.11* 3.58" 1.63 1.24 7.55*

The corresponding mean period can be calculated from T, =107 yH/g
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Table 2.33

Extreme wave conditions at inshore point B

H, is in metres, derived assuming 3-hourly events.
The values quoted are for unbroken waves. Wave breaking effects would
limit all the values marked with an asterisk (*).

Return Wave direction in degrees Noith
Period
(Yrs)
50 70 80 110 130 150 170 0
70 90 110 130 150 170 190 360
1 0.74 1.03 1.95* 3.47* 417 1.78* 0.94 4.38*
2 0.80 1.12* 2.13* 3.86* 4.41* 1.89* 1.02 4.73*
5 0.89 1.24* 2.36" 4.37* 4.71* 2.03* 1.11* 521"
10 0.94 1.32% 2.52* 4.76* 4.93* 213 1.19* 5.56*
20 1.00 1.40* 2.69* 5.13* 4.14* 2.22* 1.26* 591"
50 1.08 1.51* 2.91* 5.63* 4.41* 2.34* 1.34* 6.38*%
100 1.13* 1.59* 3.07* 6.00* 5.61* 2.43* 1.41* 6.73*

The corresponding mean period can be calculated from T, = 11.3 VH/g
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Table 2.40  Wind conditions representative of Poole Harbour
Direction Average 10% 1% 1:1 return 1:100 Percentage
bound (degs | wind speed |exceedence | exceedence | period return of data in
N) {mv/s) petiod sector
-ibto 15 4,29 8.24 11.74 156.15 20.75 01
1510 45 4.65 8,31 10.78 13.63 17.65 9.1
45 t0 75 3.95 7.06 9.23 11.02 14.60 8.7
75 1o 105 3.88 7.30 9.31 11.40 15.49 5.0
105 to 135 5.48 9.91 13.30 15.80 21.40 4.0
135 to 165 5.38 9,65 13.80 17.65 23.90 3.9
165 to 195 6.90 12.01 18,16 23.28 31.33 8.0
195 to 225 7.85 13.19 18.39 23.50 29.92 10.3
225 to 265 7.12 11.20 17.29 22.24 28.66 16.0
255 to 285 5.96 10.60 15.80 20.95 28.31 11.6
285 to 315 4.10 9.06 13.70 17.03 22.46 8.1
315 to 345 3.94 8.25 12.02 16.07 23.29 6.2
Table 2.41  Exitreme wave conditions in Poole Harbour
Return Extreme significant wave height Him
petiod 7 B c D E F G H 1
1 0.50 0.63 0.35 0.65 0.66 0.62 0.61 0.71 0.62
2 0.53 0.67 0.37 0.68 0.71 0.66 0.66 0.77 0.66
5 0.56 0.71 0.40 0.73 0.76 0.71 0.72 0.86 0.71
10 0.59 0.75 0.42 0.77 0.80 0.74 0.78 0.92 0.75
20 0.61 0.78 0.44 0.80 0.85 0.77 0.83 0.98 0.79
50 0.64 0.83 0.47 0.84 0.90 0.81 0.89 1.086 0.84
100 0.67 0.86 0.49 0.87 0.94 0.84 0.94 1.12 0.87
Extreme zero-crossing wave period (s)
16 2.0 2.25 1.75 225 | 225 2.25 2.25 3.0 2.25
100 2.6 3.0 2.2 3.0 3.1 29 3.1 3.4 3.0
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Table 2.42

Tidal harmonic constituents in Poole Harbour

Tidal constituent

Frequency {degrees per hour)

Amplitude (metres)

Phase (degrees)

Z0
SA
SSA
MM
MSF
MF
2Q1
SIGt
Q1
RO1

o1
MP1
M1
CHI1
Pi1
P1
S1
K1
PSi1
PHN

TH1
J1
SOt
oo
oQ1
MNS2
2N2
Muz
N2
NU2

op2
MA2
M2
MB2
MKS2
LAM2
L2
T2
S2
R2

0.000
0.041
0.082
0.544
1.016
1.088
12.854
12.927
13.399
13.472

13.943
14.025
14.492
14.570
14.918
14.959
15.000
15.041
15.082
15.123

15513
15.585
16.057
16.139
27.342
27.424
27.895
27.968
28.440
28.613

28.902
28.943
28.984
29.025
29.066
29.456
29.528
29.959
30.000
30.041

1.47
0.08
0.03
0.02
0.02
0.01
0.01
0.00
0.01
0.00

0.04
0.01
0.00

1 0.00
0.00
0.03
0.01
0.09
0.00
0.00

0.00
0.00
0.01
0.01
0.01
0.02
0.01
6.07
0.11
0.02

0.01
0.01
0.44
0.00
0.01
0.01
0.01
G.19
0.00
0.05

0

59,

2186,
233.
204.
286.

14.

339,
294.

352,
191.
144.

81,

300.
115,

39.

113.

74.

268,

126.
171.
292,
252,
345,
167.
205,
200,
254,
202,

44,
50.

279,
310.
216,

86.

101,
311.
300.
292,

183,
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MO3
M3
503
MK3
SK3
MN4
M4
SN4
MS4
MK4
S4
SK4
2MN6
M6
MSN6
2MS6
2MK6
25M86
MSKs

42.927
43.476
43.943
44.025
45.041
57.424
57.968
58.440
58,984
59.066
60.000
60.082
86.408
86.952
87.424
87.968
88.050
88.984
892.066

0.00
0.01
0.00
0.01
0.00
0.07
0.20
0.01
0.13
0.03
0.01
0.01
0.04
0.07
0.02
0.07
0.02
0.02
0.01

281,
i88.

71

133.
234,

186,
40,

128.

98,
95,

204.
197,

69.
94

113.
137.
137.
190.
188,
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Table 2.43

Distribution of high water levels in Poole Harbour

Water level range (mCD) Percentage of data in range Cumulative percentage of data
1.0 2.0 63.3 63.3
2.0 2.1 14.3 776
2.1 2.2 9.2 86.8
2.2 2.3 6.3 93.1
2.3 24 2.8 959
2.4 2.5 1.9 97.8
25 2.6 1.3 991
26 2.7 0.6 99.7
2.7 2.8 0.1 99.8
2.8 2.9 0.2 100.0

Table 2.44  Extreme water levels in Poole Harbour

Return period Extreme water level (mCD) Average extreme
(years) Weibull Gumbel Average weztniglg;/ei
1 2.78 2.77 2,78 1.38
2 2.86 2.83 2.85 1.45
5 2,96 2.90 2.93 1.53
10 3.05 2.96 3.01 1.61
20 3.13 3.02 3.08 1.68
50 3.25 3.09 3.17 1.77
100 3.34 3.15 3.25 1.85
150 3.39 3.18 3.29 1.89
200 3.42 3.21 3.32 1.92
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Table 2.45 Extreme combinations of Hs and water level at
offshore point 2

Water level (mOD)

Significant wave height {(m)

Mean wave period (s)

1.22
1.31
1.38
1.45
1.53
1.61
1.68
1.77
1.85

8.2
7.9
7.4
7.0
6.6
6.1
5.7
5.3
4.8

9.5
9.3
8.0
8.8
8.5
8.2
7.9
7.6
7.3

Table 2.46  Extreme combinations of Hs and water level at inshore
points A and B

Water level (nCOD) Significant wave height {m)
Point A Point B
1.22 7.5 6.7
1.31 7.0 6.4
1.38 6.3 5.9
1.45 5.8 56
1.53 5.3 52
1.61 4.7 4.7
1.68 4.2 4.4
1.77 3.8 4.0
1.85 3.3 3.8

Note that the values quoted are for unbroken waves.

The corresponding mean wave period can be calculated from T, =11.0 VH/gy
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Table 2.47

Extreme combinations of Hs and water level at inshore
points C, D and E

Water level (mQOD) Significant wave height (m)
Point C Point D Point E
1.25 5.6 7.3 6.6
1.34 53 6.8 6.2
1.41 4.8 6.2 5.7
1.48 4.5 5.8 5.2
1.56 4.1 53 4.8
1.64 3.7 4.7 4.3
1.71 3.3 4.3 3.9
1.80 3.0 3.9 3.5
1.88 2.7 3.3 2.9

Note that the values guioted are for unbroken waves.

The corresponding mean wave periods can be calculated from T, = 10.8 VH/g.

Table 2.48

Extreme combinations of Hs and water level at inshore

point F

Water level (mOD)

Significant wave height {m)

1.27
1.36
1.43
1.50
1.58
1.66
1.73
1.82
1.90

5.8
5.4
5.0
4.7
4.4
4.0
3.7
3.3
2.9

Note that the values guoted are for unbroken waves.

The corresponding mean wave periods can be calculated from T, = 11.0 VH/g.
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Table 2.49

points G and H

Extreme combinations of Hs and water level at inshore

Wave level (ImCD)

Significant wave height

Point G Point H
1.29 7.5 6.6
1.38 71 6.2
1.45 6.6 5.8
1.62 6.1 55
1.60 5.7 5.2
1.68 5.1 4.7
1.75 4.7 4.4
1.84 4.3 4.1
1.92 3.7 3.6

Note that the values quoted are for unbroken waves.

The corresponding mean wave petiods can be calculated from T, =10.7 VH/g.

Table 2.50 Extreme combinations of H, and water level at Poole
' Harbour points A to |

Water Significant wave height {m)

(rlsé?:l)) Point A |Point B {Point C |Point D |Point E {Point F {Point G |Point H | Point |
122 | 067 0.86 0.49 0.87 0.94 0.84 0.94 112 | 0.89
1.31 0.64 0.83 0.47 0.84 0.90 0.81 0.89 1.06 | 0.84
138 | 061 0.78 0.44 0.80 0.85 0.77 0.83 098 | 0.79
145 | 059 0.75 0.42 0.77 0.80 0.74 0.78 092 | 0.75
153 | 056 0.71 0.40 0.73 0.76 0.71 0.72 0.8 | 0.71
1.61 0.53 0.67 0.37 0.69 0.71 0.66 0.66 077 | 0.66
168 | 050 0.63 0.35 0.65 0.66 0.62 0.61 0.71 0.60
177 | 0.47 0.59 0.34 0.61 0.61 0.58 0.56 064 | 055
185 | 044 0.55 0.30 0.57 0.56 0.53 0.50 056 | 0.49

For calculation of corresponding mean wave periods, see Table 3.10
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Table 3.1 Analysis of movement of High Water Mark and cliff top

Distance {m} see Figure
3.9 for location

Movement of HW contour

Movement of dliff line

1901-25 1925-55 1955-93 1901-25 1925-65 1955-93
1649 -4 -8 -4
1594 -18 2 6 -1 -8 -3
15616 -16 0 8 0 7 %
1399 -15 14 8 0 0 -8
1357 -13 5 7 -8 -5 -4
1250 -10 6 0 3 0 0
1185 7 5 -1 - -8 )
1111 7 -5 3 0 0 0
1040 -16 7 0
970 28 7 0
910 -14 2 3 0 0 0
883 0 0 0
812 -4 0 5 0 0 0
707 -8 0 0
680 -16 0 0
650 24 0 0
622 12 2 9 7 -1 0
550 -3 0 0
488 3 3 8 -3 -1 0
445 2 5 4 2 -5 0
345 6 7 3 0 -10 0
261 17 4 1
154 22 2 4
102 g 5 6
0 11 -13 4
-100 17 0 -5
-200 17 0 2
-300 29 0 -4
-400 18 2 -5
-500 34 0 -8
-600 30 0 8
707 51 0 s
-807 45 11 9
-907 32 16 11
1007 20 15 -13
1107 2 17 8
1207 -1 10 24
1307 -5 25 4
-1414 -12 5 -1
1514 2 -3 3
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Table 3.2 Potential annual drift rates in Poole Bay

Point Ref [Beach normal | Av. inshore |Right m®yr | Left m®Ar |Gross m%yr |Nett m3yr
{°N) wave direction
(°N)

B 129 136.32 -152094.6 | 6123321 764426.8 460237.5
C 131 137.26 -118055.8 | 239141.9 357197.7 121086.0
D 152 162.06 -138461.0 | 5537321 682193.2 4152711
E 163 163 ~239890.1 | 263911.8 503801.9 24021.7
F 173 179.08 -227524.0 | 407484.5 635008.4 178960.5
G 190 197.29 -166442.8 | 595413.4 761856.1 428970.6
H 194 199.66 -186411.5 | 563684.3 760095.8 367272.8

Results for data JULY 1974 to JUNE 1991

Table 3.3 Average annual rates of cliff erosion (from May, 1969)

Survey Dates Cliff-top erosion (m) Rate (m/year)
Hamworthy 1886 - 1952 18 0.3
Whitecliff 1886 - 1952 36 0.5
Lilliput 1886 - 1952 43 0.6
West Brownsea 1886 - 1952 24 04
Arne 1886 - 1952 24 0.4

Table 3.4 Potential annual drift rates in Poole Harbour

Point Av. inshare Right Left Gross Nett Beach
wave direction | m®year m%year m>/year m%year |normal (°N)
°N)
A 205.3 -2294.1 3294.2 5588.2 1000.1 203.0
B 192.47 -2933.9 6568.8 9502.7 3634.9 187.0
D 192.94 -2302.5 91266 11421 68241 184.0
F 224.46 -3896.5 58471 9743.6 1950.6 222.0
G 218.48 -47604 624.8 5385.2 -4135.5 232.0
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Table 3.5 "Area" changes in Poole Harbour (May, 1969)

Area reclaimed (acres)
Human influence Natural agencies Total

6000 B.P. to A.D. 1807

arsham & Jeysworth 1043 48 1101
Lytchett Bay 250 250
Southern Shores 511 511
Brownsea & lslands 25 25
Holes Bay 122 122
Poole 48 48
[TOTAL 1091 966 2057
ICIiff erosion -70 -70
INet changes 1091 896 1987
1807 to 1966
Wareham & Keysworth 75 75
Lytchett Bay 42 45 87
Southern Shores 175 - 175
“Brownsea & Islands (70) (70)
Holes Bay 68 30 98
Poole 100 100
Parkstone & eastern shores 18 18
TOTAL 228 315 543
ICIiff erosion -32 -32
[Net changes 228 008 511

Net changes 6000 BP to 1966 = about 2,500 acres
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Table 3.6 Volume of dredging, Poole Harbour 1984-1993 (from

Fahy, 1993)

Year Volume of capital Volume of maintenance | Total volume
dredging (m%) dredging (m®) (m®)
1984/85 23 735 48 808 72 543
1985/86 302 518 56 178 358 696
1986/87 65 639 46 086 111 722
1987/88 hil 61 943 G1 943
1988/89 739 422 56 745 796 167
1989/90 542 000 73 493 615 493
1990/91 nil 88 845 88 845
1991/92 780 000 56 799 810 868
1992/93 nil 66 687 66 687
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Surge Level (m)

|
—

I 2 3 4 ‘5 G 7 8B 9 1011 121316151617 18 19 20 21 22 23 24 25 24 27 28 29 30 31
Day of the month

June 1992 ]

—

Surge Level (m)
o
|

1
—_

123 45 67 8 91011 121314151617 18192021 22 23 24 2526 27 28 29 30

Day of the manth
July 1992 |

Surge Level (m)
o
ig?f
1

1'2 3 45 67 8 91011 121314151617 1819 20 21 22 23 24 25 24 27 2B 29 30 3]
Day of the month

August 1992

Surge Level (m)
S
l

1

12 3 45 6 7 8 92 1011121314151617 18192021 22 23 24 25 26 27 28 29 30 31
Day of the month

Surge Levels for Poole

Figure 2.71 Surge levels in Poole Harbour. May - August 1992
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Figure 2.73 Surge levels in Poole Harbour. January - April 1993
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Figure 2.74 Surge levels in Poole Harbour. May - July 1993
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Table Distribution of Hs and water level at Point 2 -30 to 210M

Cata shown in number of occurrences

High water level (m 0D}

1.3¢ 1.50 1.7¢ 1.%0 2.1i0 2,30 2.50 2.70

1.50 1.7¢ 1.90 2.10 2.30 2.50 2.70 2.90

Hs Calms/ No.in
(metres) no dat row
4.50- 5,00 0 o 0 0 0 0 0 0 0 o
4.00- 4.50 0 0 0 0 0 0 0 0 0 0
3.50- 4.00 0 0 0 0 0 0 0 o 0 0
3.00- 3.50 0 0 0 1 0 c 0 0 1
2.50- 3.00 0 0 o 3 2\0 0 0 5
2.00- 2.50 0 0 0 5 3 1 0 0 10
1.50- 2.00 0/1,./—:6——"5\. 2 1 0 o 15
1.00- 1.50 0 14 5 24 ) 3 0 0 57
G.50- 1.00 £4 34 40 27 30\? 1 0 0 144
G.00- 0.50 3 3¢ 685G 25 4 0 210
No data/calms 0 G 0 o] 0 0 0 0 0 0
Mo. in column 17 45 123 123 69 16 7 3 0 443

Direction sactor analysed is from -30.0 te 210.0 degrees north

Records analysed freom 1/ 1/1991 teo 16/ 371932

Number of records analysed 443

Figure 2.76 Scatter diagram of H, and water level at offshore point 2
for direction sector -30 to 210°N



Table Distribution of Hs and water level at Point 2 210 to 330N
Data shown in number of occcurrences

High water level (m OD)

1.30 1.50 1.7¢ 1.90 2.10 2.30 2.50 2.70

1.50 1.70 1.90 2.10 2.30 2.50 2.70 2.90

Direction sector analysed is from 210.0 to 330.0 degrees north

Records analysed from 1/ 1/1991 to 16/ 3/1992

Number of records analysed 318

Hs Calms/ No.in
(metres) no dat row
4.50- 5.00 ¢ 0 0 0
4.00- 4.50 0 0 ¢ 1
3.50- 4.00 0 o] 0 6
3.00- 3.50 0 ¢ 0 15
2,50~ 3.00 1 0 0 21
2,.00- 2.50 1 0 0 31
1.50- 2.00 0 0 0 28
1.00- 1.50 0 0 0 54
0.50~ 1.00 ﬁ 0 0 80
0.00- 0.50 0 0 82
No data/calms 0 0 ¢ 0 ¢ 0 0 0 0 0
No. in column 4 38 100 94 57 18 7 0] ¢ 318

Figure 2.77 Scatter diagram of H, and water level at offshore point 2

for direction sector 210 to 330°N



Table

Data shown in number of occurrences

Distribution of wave height and water level at Point 2

Records analysed from

Number of records analysed 766

1/ 1/1991 to 16/ 3/18992

High water level (m CD)

1.30 1.50 1.70 1.90 2.10 2,30 2,50 2.70

1.50 1.70 1.90 2.10 2.30 2.50 2.70 2.90
Hs Calms/ No.in
(metres) no dat Tow
4,50- 5,00 g 0 0 0 0 0 0 0 0 0
4.00- 4.50 0 0 0 0 0 0 0 0 1
3,50- 4.00 ) T 2 0 0 0 0 6
3.00- 3.50 0 2 3 G mmman, 4 0 0 0 16
2.50- 3.00 1 3 4 3 11 4 0 0 27
2.00- 2.50 1 1 7 20 9 2 0 1 0 41
1.50- 2.00 G 2 16 11 9 4 1 0 0 43
1.00- 1.50 /52 26 41 14 5 3 0 0 111
0.50- 1.00 és 43 63 52 45 12\ 0 0 224
0,00- 0.50 14 50103 86 13 4 P 0 297
No data/calms 0 0 D 0 0 0 0 0 0 0
HNo. in column 21 124 223 220 127 34 14 3 0 766

Figure 2.78 Scatter diagram of H; and water level at offshore point 2

for all sectors
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Figure 3.2 The Solent River and coastline of a million years ago
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Figure 3.30 Stages in the evolution of the shore line at the entrance
to Poole Harbour (from Robinson, 1955)
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Figure 152. This incorporates recommended limiting values of the mean discharge for the
stability of crest and rear armour to types of seawalls and or the safety of vehicles and
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Figure 4.8 Critical overtopping discharges
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Figure 4.9 Summary of results of overtopping analysis
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Plates






Plate 3.1 Sandbanks in 1957 showing sand buildup on the western
side of groynes






Plate 4.1 Management Unit 1/2
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Plate 4.2 Management Unit 1/7






Plate 4.3







Plate 4.5 Management Unit 2/14
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