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1 Executive Summary
Hyder Consulting Ltd has been appointed by Penwith District Council to
undertake Technical Investigations in Mounts Bay. The contract follows a
staged process from initial feasibility studies, marine investigations,
numerical modelling, environmental impact assessments to deliver costed
concept designs as a final deliverable.

Aim

The aim of the contract is to deliver a study that presents accurate,
coherent, sustainable, innovative and realistic schemes, backed by sound
engineering judgement and appropriate investigations, to enable Penzance,
Penlee and Newlyn to determine the viability of future development.

Purpose

The purpose of the investigations are to collate baseline information and
data to enable a number of conceptual designs to be developed within the
environs of Penzance Harbour, Newlyn Harbour the Western Promenade
and Penlee Quarry.

Findings

The Penzance Promenade Wall is located above an amenity beach and
creates a tidal defence that secures a public highway, residential
properties, commercial properties and other assets.

It was built in 1844 but was substantially reinforced and rebuilt after a
major failure in 1962.  It has a variable construction but its various sections
are formed predominantly from granite facing stones and concrete.

The Promenade currently suffers from a number of problems which
include:

·  A durability problem where there has been a significant loss of pointing
between the facing stones.  This could be leading to and is an indicator
of voiding behind the wall which can dramatically weaken it.

·  The Promenade wall is frequently overtopped by waves resulting in
dangerous pedestrian and vehicle conditions which necessitates the
closure of the adjacent roads and footpaths.

·  The beach in front of the wall has regressed in its central and western
areas and although a recharge scheme was tried in the past, the littoral
processes have ensured that these areas effectively continue to have
low beach levels.  This has resulted in the walls foundations becoming
exposed, greater exposure of the wall to a wave climate that generates
voiding and to the overtopping problem.

·  A loss of amenity potential of the beach

A number of remediation options have been considered these include
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·  The wall needs to be remediated with any open joints repointed/grouted
and any voids encountered infilled.  This will mitigate the potential of
any existing damage propagating itself.  However it will not prevent the
cause of the damage.

·  To protect the wall from the full impact of the waves which is causing
the problems the best form of defence is to develop a beach in front of
it. A number of options were considered which include:-

I. Beach Recharge- with this a beach is created by tipping
appropriate material, however this has been tried in the past and
the littoral processes will just remove any tipped material as it
has done so in the past meaning that the beach will be lost
unless it is constantly recharged.

II. Offshore Breakwater- with this the waves are partially broken
offshore removing much of their energy, however the main
benefit is that the breakwaters encourage the accumulation of
material on their landward side effectively creating a beach.
Their design is complex and they can be expensive.

III. Groynes- these help prevent the along shore movement of
material, however, they have little or no effect on
onshore/offshore movement which is currently thought to be the
dominant littoral process and as such are not considered
appropriate.

IV. Perched Beach- this creates a localised beach beneath the wall
that is retained by a rock armoured toe.  However this type of
defence poses health and safety hazards to people on the beach
and it will need constant recharging.

Other options to address particular erosion and overtopping issues
were;

I. Toe protection- this does nothing to help create and maintain a
beach but will give protection to the walls foundations where the
loss of the beach has created problems.

II. Raising the flood defences. To mitigate the problem of
overtopping a new wall built at the existing walls crest could
greatly reduce the volume of overtopping water. This would
however do nothing to create and maintain a beach, would
present another masonry asset needing maintenance and there
are public relation issues with regard to loss of views.

Indicative costs have been identified for those options worthy of further
consideration.  These are:-

Option Description Cost

Perched Beach Recharge £4.3M

Offshore Breakwaters £8.8M

Toe Protection £150k
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New Promenade Flood Wall £625k

It should be stressed that these costs are approximate and are based on a
number of ‘unknowns’ that need clarifying. A series of investigations have
been proposed to further clarify both the technical merits of each of the
proposals and their costings.

It should be noted that missing from these costs are any figures relating to
repointing/grouting the existing wall as without knowing the extent of the
existing problem which is largely hidden behind the existing face costings
are difficult to currently predict.
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2 Introduction

2.1 Background
Hyder Consulting Ltd have been appointed by Penwith District Council to
undertake Technical Investigations in Mounts Bay.  The purpose of the
investigations is to collate baseline information and data to enable a
number of conceptual designs to be developed within the environs of
Penzance Harbour, Newlyn Harbour and Penlee Quarry.

The contract will build on work carried out previously and specifically the
following reports:

·  WS Atkins:  “Penzance Harbour and Town Regeneration Phase 1
Action Plan” August 2001.

·  Atlantic Consultants:  “Newlyn Strategy for the Regeneration of a
Cornish Fishing Port” August 2002.

·  Fisher Associates:  “Moving On – A Transport Strategy for the Isles of
Scilly” February 2003.

·  Beckett Rankin Partnership:  “Penzance Harbour Feasibility Phase 1
Study” May 2003.

·  Beckett Rankin Partnership:  “Isles of Scilly Transport Strategy 2003, St
Mary’s Harbour Feasibility Study” May 2003.

·  Burness, Corlett & Partners:  “Route Study” May 2003.

·  Posford Duvivier:  “Penlee Quarry, Newlyn:  Marina Due Diligence and
Feasibility Study Report” April 2001.

For the purposes of the study, the study area has been split into four
distinct sites viz:

§ Penzance Harbour

§ Western Promenade

§ Newlyn Harbour

§ Penlee Quarry

This report relates to the Western Promenade only.

It is noted that, although the study area has been split as above, that
developments within any one of the sites are likely to have an impact on the
other sites and adjoining coastal areas.  This report deals exclusively with
Promenade, but does identify (generally at this stage) the potential impacts
of the proposed developments on adjoining areas.  Further stages of work
will identify these impacts in more detail.

The report forms the first part of a staged approach to the overall study.
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2.1.1 The Aim
The aim of the contract is to deliver a study which presents accurate,
coherent, sustainable, innovative and realistic schemes, backed by sound
engineering judgement and appropriate investigations, to enable Penzance,
Penlee and Newlyn to determine the viability of future developments.

2.2 Scope of Work
The scope of work follows the following general stages:

·  Initial Option Review

·  Maritime Data Acquisition

·  Numerical Modelling

·  Environmental Impact Assessments

·  Costed Conceptual Designs

For Penzance Promenade the works additional to the above are:

·  Submission to DEFRA in support of Grant Aid Funding.

2.2.1 Initial Option Review
The intention of this review is to identify the background to the project or
site, it’s constraints and drivers, review previous work or options developed,
identify environmental issues relating to the site and to propose technical
solutions with costs.

It should be noted that this initial review seeks to identify the key issues and
develop preferred options for discussion and to determine the extent of
technical investigations required.  It is not intended at this stage to deliver
confirmed designs.

The output is intended to be a preferred outline solution for the site and an
indication of the technical investigations, needed to be undertaken to
deliver the preferred solution.

In parallel with this Option Review Study, Environmental Scoping Studies
have been undertaken and submitted to the Environment Agency for their
comment.  Following their response, any requirements for sampling,
surveys or investigations will be incorporated into future site investigations.

2.2.2 Maritime Data Acquisition
Once preferred solutions have been determined from the Option Review,
the site and technical investigations will be scoped.  This scope will also
incorporate the requirements of the environmental scoping studies, and the
numerical modelling scoping studies and will identify the level of site
investigations carried out previously to prevent repetition of obtaining data.
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It is currently intended that maritime investigations will be let to a number of
contractors to obtain this technical information.

2.2.3 Numerical Modelling
Following receipt of the site investigation information, numerical models will
be created of the site to enable the preferred options to be evaluated with
respect to wave climate, overtopping of structures, currents, sediment
regime, environmental impact, flooding and scour.

The numerical models will prove the technical viability of the preferred
solutions and allow modifications to proposals to be undertaken to optimise
layouts and configurations.

2.2.4 Environmental Impact Assessments (EIAs)
In conjunction with the numerical modelling, EIAs will be undertaken to
identify the key impacts of the proposed developments on the environment,
with a view to modifying proposals to mitigate those impacts.

2.2.5 Costed Concept Designs
Following an evaluation of the numerical modelling and the EIAs, the
proposals developed in 2.2.1 will be modified where necessary to deliver
costed concept designs.

2.3 Deliverables
This report sets down the findings of the Option Study stage in the following
sections.

Section 1 Executive Summary

Section 2 Introduction

Section 3 Current Situation

Section 4 Strategic Context

Section 5 Existing Marine Process Evaluation

Section 6 Option Review

Section 7 Grant Funding of Coastal Defences

Section 8 Costs, Programme & Risks

Section 9 Conclusions
It is intended that the findings from this Option Review Study will inform the
extent and type of site investigations that will be necessary to allow the
development of conceptual designs.  These requirements will be checked
against existing available site investigation information and a scope
produced for future technical investigations.
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3 Current Situation

3.1 Historical Context
The first promenade at Penzance was built in 1844, and was subsequently
significantly repaired and rebuilt after sustaining substantial damage in the
storms of 7th March 1962. The rebuilding took place between 1965 and
1967

During these storms large sections of the coast wall were breached and
parts of the promenade behind washed away.  Significant voiding behind
apparently undermined sections of wall was also discovered.

Consultants were engaged to undertake a report on the Sea Defences,
which culminated in Lewis & Duvivier producing ªReport on Sea Defences,
August 1962º.

In it they proposed the reconstruction of the promenade wall in six sections.

a) Jubilee Pool to South Terrace (West):  A new concrete and masonry
sea wall built seaward of the old seawall and aligned to permit the
widening of the road.  This new wall would also permit the
construction of a new slipway.

b) South Terrace (West) to the Queen’s Hotel.  The encasement of the
seaward face of the existing seawall with reinforced concrete faced
with stone.

c) Queen’s Hotel to the Baths at Wherrytown:  A flood wall
approximately 2ft high.

d) Baths at Wherrytown to the west side of the Yacht Club:  The
encasement of the existing sea wall including a sloping stone faced
apron with interlocking steel sheet piling to protect the two from
undermining.

e) Yacht Club to Larrigan Bridge:  Construction of a sloping stone faced
sea wall with a floodwall behind.

f) Bedford Bolitho Gardens:  Demolition of stone shelters and levelling
of the former gardens.

It should be noted that the breaches of 1962 are not the only damage,
which the wall has sustained.  There is anecdotal evidence of damage
occurring in 1895, 1896, 1903 and in1904.

3.2 Current Situation
A visual inspection of the promenade front wall was undertaken on 5th
December 2003.  The resulting photographs are contained in Appendix C.
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Due to tide levels at the time of the survey, chainages commence from both
ends of the promenade towards its centre.  These chainages are shown in
Figure 1.

3.2.1 Wall Condition
Table 3.1 – Cond ition Summary Table

Chainage Wall Cond ition Beach Level and Material

0Eà 100E Generally good with some
locations exhibiting loss of
mortar at joints, generally at
low level.

Approx 2.6m below cope at
Ch 0 to 3.5m at Ch 100.
Pebbles 100mm – 50mm dia.
from Ch 0 to 40.  Coarse sand
Ch 40 to 100.

100Eà 200E Significant loss of grouting
mortar at joints especially at
lower levels.  Deterioration of
hand railing at steps at Ch.
180m

3.5m below cope at Ch 100
with slight rising of level at Ch
200 to 3.0m.  Bed material
generally coarse sand with
occasional pebbles.

200Eà 300E Significant loss of grouting
mortar at joints especially at
lower levels.  Deterioration of
hand railing at steps at Ch.
180m

3.0m below cope at Ch 200.
Lowering gradually to 4.5m at
Ch 300.

Bed material generally coarse
sand from Ch 200 to 250 with
occasional pebbles.  From Ch
250 to 300 there is an
increase in size from pebbles
to cobbles.

300Eà 330E Significant loss of grouting
mortar at joints in particular at
steps at Ch 300 to 310.

Beyond Ch 300 exposure of
original foundations was
evident.

Bed material generally mixture
of cobbles and pebble sizes.
Beach level varies from 4.5m
to 5.5m below cope.

0Wà 100W Wall in good condition with
marine fouling.

Original foundation apparent at
Ch 100.

Bed materials mainly bare
bedrock with large cobbles,
boulders and lose seaweed.

Beach level varied from 4.5m
below cope at Ch 0, to 7m
below cope at Ch 20. Beach
level remains consistent at
approximately 7m below cope
to Ch 100.

100Wà 200W Wall in fair condition however
some original foundation seen
up to Ch 140.

Stable marine fouling present.

Beach level rises steadily from
approximately 7m below cope
at Ch 100 to 6m below cope at
Ch 200.

Beach material consists of
pebbles with larger cobbles
and some boulders. Loose
seaweed becomes less dense
toward Ch 200.
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Chainage Wall Cond ition Beach Level and Material

200Wà 300W Some loss of grouting mortar
evidence at joints and some
re-grouting evident.  Some
marine fouling evident at Ch
200 but lost by Ch 220.
Lighter colour and smooth
coping surface at Ch 300
indicates heavy abrasion.

Darker colour and rougher
coping surface indicates less
abrasion toward Ch 200.

Beach level varies from 6m
below cope at Ch 200 to 4.5m
below cope at Ch 300 at a
constant gradient.

Beach material varies from
pebbles with some larger
cobbles at Ch 200 to course
sand and shingle with some
larger rock (slate) particles
restricted to the surface at Ch
250.

From Ch 250 to 300 the
quantity of larger surface
particles becomes greater.

300Wà 400W Some loss of grouting mortar
at low levels, particularly at Ch
400 where sea wall steps
back.

Beach level varies from 4.5m
below cope at Ch 300 to
approximately 3.5m below
cope at Ch 350 and drops
back to 4.5m below cope at
Ch 400.

Beach material is coarse sand
and shingle with larger slate
surface particles.  Between Ch
300 and 350 the quantity of
larger surface particles
becomes more and between
Ch 350 and 400 the quantity
of larger surface particles
becomes less.  At Ch 400
loose seaweed is consistent
on the beach surface.

400Wà 420W Significant loss of grouting
mortar in lower wall.

Beach level is currently 4.5m
below cope level.

Beach material consists of
coarse sand and shingle with
loose seaweed on the beach
surface.

The walkover survey has indicated that whilst the promenade wall is not at
immediate risk, maintenance work is required to prevent potential loss of
granite blocks and loss of backfill material through the wall joints.

3.2.2 Cope Levels
Existing cope levels along the promenade vary from approximately +9.05m
CD to +9.8m CD.In comparison, the Highest Astronomical Tide (HAT) is
+6.12m CD, and overtopping of the cope by spray water (as opposed to
green water) happens on a regular basis, and has historically caused the
closure of the Western Promenade Road on numerous occasions, despite
the construction of an upstand flood defence wall some 700mm high behind
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the cope line.It is clear that current cope levels are inadequate to prevent
significant overtopping.

3.3 Land Ownership
Land ownership of the foreshore and sub-tidal areas have not been
determined.

3.4 Current Problems
It is considered that there are four key problems associated with the
Promenade:

1. Durability of the existing wall structure.

2. Loss of beach material leading to deepening of water at the wall.

3. Potential for undermining of the wall.

4. Overtopping of the wall leading to flooding, road closures and
property damage.

These are dealt with in more detail in Section 6.
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4 Strategic Context
The Lizard Point to Land's End Shoreline Management Plan (SMP)
identifies the section of coastline between Penzance and Newlyn as a
Management Unit (Unit No. 11).  The preferred strategy for this unit is ªto
hold the line… to maintain built assets with monitoring of foreshore levels to
prevent undercutting"

Table 4.1 Extracts from SMP

The key processes at the site are identified in the report as follows;

·  No measured erosion rates are available.  The foreshore levels in front
of the coastal defences at Penzance have however been reported to
have fallen significantly during the last 30 years.

·  Eroding foreshore, falling beach levels.

·  No natural recharge source from protected and resistant local shoreline.

·  Frontage sheltered from predominant south westerly waves.

·  Low sediment transport potential.

·  Area of weak tidal currents, susceptible to wind currents of varying
speed and direction.

The preferred strategy set down in the report is as follows;

Along the entire frontage there is no immediate threat of wall instability thus
maintenance of the existing walls through a hold the line strategy is
considered to be the most appropriate course of action.  Maintaining a
defence should have no impact on the important intertidal habitats which
existing at Chimney and Battery Rocks, neither should it affect coastal
processes and the natural supply of sediments.

Maintenance of the existing defences will allow the continued operation of
Newlyn Harbour, a key feature of the local economy.

Continued erosion of the foreshore and a subsequent reduction in beach
levels will eventually lead to an increased risk of undermining thus regular
monitoring of foreshore levels is also recommended.

Strategic Option Implementation L ength

Do Nothing Unacceptable

Retreat the Line Unacceptable

Hold the Line Preferred

Advance the Line Unacceptable
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Implementation and Monitoring Guidance

The preferred strategy for this length can be achieved by maintaining the
existing defences along this frontage, although there may be a need to
improve these in the future due to the risk of undermining.  A beach
recharge option is not feasible for this length as the tidal impact on the
vertical walls along this length serves to remove any sediment offshore.
Such a scheme was attempted in the 1960's and 30,000 tonnes of material
was lost from the beach and transported further west to Newlyn within six
tidal cycles.

Due to the nature of this problem, it is recommended that additional
monitoring of the foreshore should be undertaken on a regular basis to
ensure the correct phasing of maintenance works.

It is noted that the strategy concludes that a beach recharge scheme is not
considered feasible, and considers that the strategy for the site is hold the
line.  Discussions with DEFRA will need to determine their position
regarding the various options discussed in Section 6.



5-1

Penzance/Newlyn/Penlee Technical Investigations
Promenade Option Review Study

Hyder Consulting (UK) Ltd

P:\DV1100s\DV01104\F-Reps\C Promenade\0003 DV01104 DVR 01 Promenade Option Review.doc

5 Existing Marine Process Evaluation

5.1 General
Any of the proposed developments for the site will need to take into
consideration the existing environmental processes currently influencing
the study area.  This section details those environmental processes and
issues.

5.2 Sea Level Rise and Surge Allowance
To determine the top elevation of the proposed developments in Mounts
Bay, it is necessary to establish the range of water levels likely to be
experienced at the site.  Of particular important area is the maximum likely
still water level (SWL) that may be experienced at the site.

The British Oceanographic Data Centre (BODC www.bodc.ac.uk, 2003)
give the following tide levels for Newlyn, which are considered relevant to
the whole study area.

Table 5.1- Newlyn Tidal Statistics Published by BODC

Level to Ordinance
Datum

(m)

Level to Chart
Datum

(m)
HAT 3.07 6.12
MHWS 2.48 5.53
MHWN 1.29 4.34
MLWN -1.04 2.01
MLWS -2.28 0.77
LAT -2.90 0.15
MSR 4.76
MNR 2.33

Definitions of the terms given in Table 5.1 are given below:

a) HAT (Highest Astronomical Tide). LAT (Lowest Astronomical
Tide): The highest and lowest levels respectively which
can be predicted to occur under average meteorological
conditions and under any combination of astronomical
conditions; these levels will not be reached every year.
HAT and LAT are not the extreme levels that can be
reached, as storm surges may cause considerably higher
and lower levels to occur.

b) MHWS (Mean High Water Springs). MLWS (Mean Low Water
Springs): The height of mean high water springs is the
average, throughout a year when the average maximum
declination of the moon is 23.5o, of the heights of two
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successive high waters during those periods of 24 hrs
(approximately once a fortnight) when the range of the
tide is greatest. The height of mean low water springs is
the average height obtained by the two successive low
waters during the same periods.

c) MHWN (Mean High Water Neaps). MLWN (Mean Low Water
Neaps). The height of mean high water neaps is the
average, throughout a year as defined in b) above, of the
heights of two successive high waters during those
periods (approximately once a fortnight) when the range
of the tide is least. The height of mean low water neaps is
the average height obtained from the two successive low
waters during the same periods.

d) MSR (Mean Spring Range) MNR (Mean Neap Range) are the
range between MHWS and MLWS, and MHWN and
MLWN measured as in b) and c).

The value of MHWS, MHWN, MLWN and MLWS vary
from year to year in a cycle of approximately 18.6 years.
In general the levels are computed from at least one
year's predictions and are adjusted for the long period
variations to give values that are the average over the
whole cycle. The values of Lowest Astronomical Tide
(LAT) and Highest Astronomical Tide (HAT) are
determined by inspection over a span of years.

5.3 Sea Level Rise
Long Term changes in sea levels can be considered under two headings:

a) Changes in the volume of water held in the Worlds Ocean – caused
by melting of the ice caps as a result of the gradual rise in the
temperature of the atmosphere. These are the increases predicted
to occur as a result of global warming, such as the increase in
carbon dioxide and other ‘greenhouse' gases and trapped solar
radiation within the atmosphere causing a rise in the surface
temperature.  Volumes of water held in the earth's oceans are also
increasing due to temperature rises causing expansion.

b) Isostatic Changes – or changes in the level of the land in relation to
the sea. The main causes for such changes in the British Isles are
those resulting from the last glacial period i.e. the melting of the ice
that formed over Scotland. The removal of the weight of the ice from
the Scottish landmass has meant that Scotland is slowly rising,
whilst southern England is slowly sinking.
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5.4 Surge Effects
Meteorological conditions (the weather) can cause dramatic short-term
local sea level changes. An effect known as ‘wind set-up' occurs when a
persistent on-shore wind forces the sea surface toward the land causing
amplification in water depth at the shoreline. The opposite is true for
offshore wind directions and is known as wind set-down.

Barometric pressure changes also have an effect on sea level. Under a
high-pressure system the ocean surface will be depressed and similarly
under a low-pressure system (depression) there will be amplification in sea
level. The Admiralty suggests that a difference of 34 millibars in
atmospheric pressure as a pressure system passes can cause a difference
of 0.3m on the ocean surface.  The implications for developments of
Newlyn and in Mounts Bay in general are shown below.

5.5 In-Shore Wave Predictions
To determine the total crest elevation of the coastal developments in
Mounts Bay it is necessary to establish the likely wave climate that the
structures must withstand and provide reasonable protection and shelter
against them.

For the developments in Mounts Bay a typical design life of 50-years has
been allowed for in the prediction of water level with sea level rise and a
100-year return period for surge level.  Actual design return periods will
need to be confirmed.  The wave height predictions will also be based on a
100-year return period. British Standard 6349 suggest the probability of the
100-year wave event occurring within the 50-year design life to be 43%.

The 100-Year directional design offshore wave condition was obtained from
the MET Office at a location offshore from Mounts Bay (49.8N 5.7W). The
location from which the wave data was analysed for the 100-year condition
is some 35km offshore of Mounts Bay.

A linear wave model (WENDIS) has been used during this study to
transform the offshore wave to a reduced inshore wave found at Newlyn,
Penzance and the adjoining promenade. The wave heights can be viewed
in Table 5.2 below.

Table 5.2 – In-shore Wave Heights Resulting from 100-Year Off-Shore
SSW Direction Wave Event

Location Off-shore Hs
(m)

In-shore Hs
(m)

Newlyn 10.8 4.30

Promenade 10.8 2.00

Penzance 10.8 3.90



5-4

Penzance/Newlyn/Penlee Technical Investigations
Promenade Option Review Study

Hyder Consulting (UK) Ltd

P:\DV1100s\DV01104\F-Reps\C Promenade\0003 DV01104 DVR 01 Promenade Option Review.doc

No local wave records have been identified to confirm these values.  The
WENDIS model used only calculates wave transformations due to shoaling
(changes in wave height due to changing depth of water through which
wave propagates).

Diffraction (bending of waves around headlands, structures, etc.) and
refraction (bending of waves due to irregular depth contours) will act to
reduce wave height as the wave propagates into Mounts Bay. These are
not shown in the WENDIS results and so the wave heights shown have a
degree of over estimation.

It is intended that the more detailed models produced after the site
investigations have been carried out will provide more information on the
wave climate of the site.  However, the values shown above are deemed
sufficiently accurate for feasibility study purposes.

5.6 Currents
Site Investigations carried out as part of the Penzance and St Ives Sewage
Treatment Scheme in 1987 at the offshore rock outcrop known as The
Gear, identified that the area of Penzance and Newlyn is dominated by
weak tidal constituents and the effect of wind induced current.  In general it
appears that winds from the Northwest through Southwest induce a
clockwise circulation whilst winds from Southeast through Northeast induce
a counter clockwise flow within the bay.  Normal reversing tidal flow only
appears important with light and variable winds or those predominantly
from the south.

The maximum current speed recorded during the investigation phase was
0.18m/s adjacent to Gear Rock.

5.7 Overtopping Thresholds
As witnessed during the study period, December 2003 to January 2004,
spray overtopping at the promenade occurs on a regular basis even at tidal
heights below HAT.

Guidance on overtopping thresholds is provided in the Coastal Engineers
Manual and reproduced overleaf.
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Critical Values of Average Overtopp ing Discharges
Table V1-5-6
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5.8 Overtopping Calculations
Calculations have been carried out to determine the overtopping volumes
under differing wave conditions.  These volumes are shown below for the
1:1 year, 1:10 year, 1:50 year and 1:100 year wave heights.

Table 5.3 Overtopp ing volumes

Return Period Hs

(m)

Overtopp ing
Volume

1 in 1yr 1.89 49.2 l/m/s

1 in 10yr 1.91 55.1 l/m/s

1 in 50yr 1.92 55.9 l/m/s

1 in 100yr 1.92* 55.9 l/m/s

* note waves are depth limited.

Table 5.3 shows that at these levels of overtopping the safety of vehicular
traffic is considered unsafe at any speed and is considered very dangerous
for pedestrians, even under the 1 in 1 year condition. This bears out the
decisions to close the Promenade on a regular basis.

5.9 Implications to Mounts Bay Developments
Both sea level rise and storm surge will have an implication on the coastal
developments planned in Mounts Bay. The known increase in sea level will
need to be accommodated in any proposals. The degree of the
accommodation will depend on the design life of any planned development.

For use in this study the guideline recommended by the Department of
Environment Food and Rural Affairs (DEFRA) of 5mm per year will be
used. This value is intended to be an average over a 50-year design life
from 2003 for 50-years for sea defence and coastal protection structures on
the Southwest coastline. This also allows for isostatic changes in the same
time period

The maximum still seawater level inclusive of surge level at the site can be
calculated by the following formula produced by Lennon (1963):

C100 = (100-year Extreme SWL ± MHWS) / MSR

Where C100 is a value computed for the standard port, MHWS indicates
mean high water springs, SWL indicates still water level and MSR indicates
mean spring range.

For Newlyn C100 = 16 x 10-2 (Pugh 1987)

MHWS = 5.53m ACD (Table 5.1)

MSR = 4.76m (Table 5.1)

The formula does not give the theoretical maximum water level that could
be achieved. The theoretical maximum event would be a combination of
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maximum surge level as well as HAT. The joint probability of the two
occurring simultaneously would however be so small that in the typical
design life of coastal structures, the risk associated with two occurring
simultaneously is very small. Instead the formula calculates the extreme
likely still water level based on a combination of a 100-year surge in
addition to MHWS to give a 100-year design water level.

The resulting extreme SWL is calculated to be 6.30m above chart datum
(ACD). It can be seen that this level allows 0.77m above the level of MHWS
for surge. Guidelines for 50-year return period surge height increase
published by the Department of Energy give between 0.75m and 1m
addition for surge, which offers some confidence in the result calculated.

It is proposed that with an allowance of 5mm/year over a 50-year design life
the design extreme SWL will be taken as 6.55m above Chart Datum (3.50m
above Ordnance Datum).

It must be realised that the extreme sea level of 6.55m ACD given is the
design extreme still water level. In addition to this figure will be allowance
for the design wave height for an appropriate design return periods (i.e. 1 in
100 year wave height for a 50 year design life).  The choice of return period
and design life is related to a level of acceptable risk.  These will need to be
confirmed during the course of the study.

Overtopping thresholds will need to be determined in conjunction with
design life and return periods for the marine structures. It is recommended
that a design basis statement be produced which identifies the potential mix
of return periods and design life which can be adopted to allow a decision
to be made on an acceptable level of risk.
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6 Option Review
It is considered that there are four key problems associated with the
Promenade:

5. Durability of the existing wall structure.

6. Loss of beach material leading to deepening of water at the wall.

7. Potential for undermining of the wall.

8. Overtopping of the wall leading to flooding, road closures and
property damage.

6.1 Durability
The existing wall comprises granite block facing which in some locations is
topped with a precast concrete wave return section.  The precast concrete
is in good condition.

Although the granite blocks exhibit abrasion characteristics typical of
seawalls in exposed coastal locations (i.e. rounding of edges), the jointing
mortar in a number of locations is missing.  This is leading to creation of air
pockets between the granite blocks, which under wave action are
compressed explosively and cause damage behind the wall face.  It is also
allowing fill material behind the wall to migrate through these open joints.
This in turn allows the blocks to rock and cause further loss of fines.  Over
time, significant voids could form behind the wall, which could lead to
failure.

It is noted that the paving behind the cope line has settled some 10±15mm
in places, which may indicate loss of fill material is already significant.

Maintenance of the joints in the wall has been carried out in the past, but is
now showing signs of distress, as a result of inadequate penetration of the
mortar into the joint.

Recommendation

It is recommended that an investigation is undertaken to determine the
extent of voiding behind the wall.  Once this is determined it will be
necessary to specify any remedial works to these voids and to the wall
face.  As a minimum the joints of the wall should be pressure grouted and
any sections of lose block work made sound.

6.2 Loss of Beach Material
Historical photographs and anecdotal records indicate that the beach level
has been dropping in front of the Promenade over a number of years.
Although no specific cause has been determined it is likely to have been
caused by a combination of:
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·  Increased storminess in UK waters

·  Loss of groynes which retained the relatively small amount of longshore
drift material

·  Construction of the new wall in 1962 onwards, which brought the line of
the wall forwards

·  Reflections from Jubilee Pool

The loss of beach material is now causing undermining of some sections of
the wall and is considered likely to continue (the predominance of the wave
direction at the promenade is directly onshore/offshore).

A number of potential solutions can be determined to address the problem
of low beach levels;

·  Beach recharge

·  Offshore breakwaters

·  Groynes

·  Sill/Perched beach

·  Toe improvements

6.2.1 Beach Recharge
It is recognised that a healthy beach is probably the most affective form of
sea defence since, provided that it is not constrained by space or material
supply limitations, it has the ability to adopt its shape naturally to changing
wave and tidal conditions and dissipates wave energy.

The advantages and disadvantages of beach recharge can be set down as
follows:

Advantages

·  Can be aesthetically pleasing
·  Is usually environmentally friendly
·  May enhance the recreational value
·  Less likely to cause erosion problems down drift

Disadvantages

·  High monitoring and maintenance commitment
·  May change sediment transport characteristics
·  Possible problems with availability of suitable material ± competition

with aggregate industry
·  Need to obtain a licence for new offshore borrow areas
·  More difficult to obtain public acceptance as a coastal defence
·  May cause siltation problems downdrift.
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The design considerations and principles for beach recharge schemes
need to include:

·  Availability and sourcing of recharge material

·  Selection of material size, grading and mineralogy

·  Determination of a recharge volume determined to provide a given
standard of protection against severe events

·  Specification and testing

·  Procedures for obtaining recharge material

·  Transportation of the material to the site and placement

·  Measurement and costs

·  Construction aspects

·  Environmental considerations

6.2.2 Source of Recharge Material
Currently the nearest licensed source of dredged beach material is located
adjacent to the Isle of Wight or within the Bristol Channel and as such are
not considered ideal locations for the provision of beach recharge material
due to the long shipping distances and the costs involved.  Other
alternatives could be the granting of a specific licence nearer to the site to
provide materials, or from other construction/dredging projects elsewhere in
the area.

Given that both the projects at Penzance and Newlyn Harbour (and
potentially Penlee Quarry) will require dredging works to be undertaken,
this could be a suitable source of beach recharge material.  However, none
of the latter potential sources would be a long-term source of material as
Maintenance Dredging would be unlikely to provide the volumes required or
provide material of the right quality or specification for a sustainable beach.
However, they could be sources of material for a perched beach
construction, which is described later, or as a location for a potential
beneficial use disposal site.  This would require to be assessed for the
granting of any dredging licence.

6.2.3 Selection of Material Size, Grading and Mineralogy
Selection of material size is one of the most important decisions for a beach
recharge scheme.  Since natural sorting has been occurring on the beach
area for a number of years the existing beach gives an indication of the size
of material that will be stable.  However, the walk over survey (see Section
3) has indicated that the beach material varies significantly from coarse
sand to small cobble size, which demonstrates that complex coastal
processes are present along the wall length.
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Recharged beaches will adopt typical beach profiles almost regardless of
the placing profile, this being due to the stable angle of repose of material
under wave action.  Typical profiles are shown below;

Table 6.1 – Typical beach slopes for various mean sediment sizes

Sediment Type Median Sediment Size
D50(mm)

Mean Beach Slope

Sand 0.2
0.3
0.5

1:50 ± 1:100
1:25 ± 1:50
1:20 ± 1:40

Shingle 5.0
10.0
25.0

1:8 ± 1:15
1:7 ± 1:12
1:4 ± 1:8

Sand beaches lie at a relatively shallow slope, since the majority of the
sediment carried up the beach returns in the backwash.

Shingle beaches are more permeable so much of the run-up percolates
down into the beach, thus depositing material higher up the beach and
allowing for steeper slopes.

6.2.4 Recharge Volumes
The quantity of recharge material required is determined by an assessment
of coastal defence and amenity considerations.  The new profile is usually
designed to ensure that it provides an adequate standard of protection
during a severe storm.  In most situations allowance has to be made for the
likely losses of beach material over time due to longshore/offshore drift.  A
balance needs to be struck between the amount of material placed initially
and the future maintenance commitments.

Beach recharge is usually built to a crest level where overtopping is limited
to a very low level (approximately 2%) to prevent erosion in the lee of the
beach crest.  However, in the case of the Promenade to do this would
require a crest level of approximately +7 MCD and would require a
significant volume of material (approximately) 180,000m3.

It should be noted that these are initial capital volumes and do not take into
consideration the maintenance required for regular ªtop-upº.

Once constructed the recharge beach will begin to adapt to the local wave
conditions and coastal processes and will begin to lose material offshore.  It
is likely that additional material would also accrete in the currently accreting
areas.

It is not therefore considered that beach recharge alone will provide long-
term protection to the promenade wall, without the addition of other
protection measures.
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6.2.5 Offshore breakwaters
Offshore, or detached breakwaters, are shore parallel structures that
provide coastal protection by reflecting, dissipating, diffracting and
refracting incident waves, and therefore reducing wave energy and littoral
transport in their lee.  They are normally provided in conjunction with beach
recharge schemes and are built of rock or concrete armour units.

In the UK, detached breakwaters have been used as single structures at
Beasowe Bay in the Wirral, and Colwyn Bay in Clwyd and as multiple
structures at Elmer in West Sussex and Sea Palling, Norfolk.

The general arrangement of offshore breakwaters is shown in Figure 2.

Detached breakwaters can be used in much the same way as groynes to
build up the volume of material held on the beach that is capable of
accommodating the drawdown that occurs under storm conditions.  The
shape of the beach that forms between breakwaters is that of a crenulate
bay.  If the breakwater is positioned sufficiently close to the shoreline, these
crenulate bays will attach to the breakwater and form tombolos.

In the location of the promenade where the predominate littoral transport is
onshore/offshore, the construction of an offshore breakwater could be
combined with a beach recharge system to provide a relatively large
protected beach area which could have a significant amenity impact
(dependent on the type of recharge).  However, there is a significant cost
implication in construction of offshore breakwaters in particular given the
large tidal range at the site and their visual impact often precludes their use
except in the most extreme of coastal erosion sites.

The effectiveness of detached breakwaters requires significant site
investigations and beach monitoring to determine the feasibility. It is
intended that the numerical modelling undertaken during the next stages of
this project will determine with greater confidence the technical viability of
this option.

6.2.6 Groynes
Groynes are shore protection structures which are used to control the
alongshore movement of beach materially, principally by altering the natural
orientation of the beach line and intercepting wave-induced alongshore
currents.  They have little effect on onshore/offshore movement of beach
material, which is considered to be the dominant mechanism for loss of
beach material at the Promenade site.

Historical photographs do show the presence of groynes at the promenade
although these have now been lost.

They are not considered to provide a viable solution to maintaining beach
levels at the Promenade, because the predominant sediment transport
system is onshore/offshore and the groynes would not assist in preventing
this movement.
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6.2.7 Sill or Perched Beach
Sills, in contrast to detached breakwaters, are constructed closer inshore
and create elevated sections of beach, to reduce inshore wave climates
and help retain beach material in their lee.  They are only able to influence
the sediment processes in their lee when they cause wave breaking.  In the
case of the promenade this requires a crest level of a minimum of +2.5m
CD.

However, significant benefit can be accrued by raising the level of the sill to
create a perched beach behind, which is rarely overtopped.  This detail is
shown in Figure 4.  This detail creates a revetment in front of the existing
promenade, which breaks the wave shoreward of the wall and prevents
direct overtopping of the promenade wall.  Although the detail shows a
crest level of 7m CD, this level could be reduced to lower costs and allow
submersion from, (for example) Mean Sea Level and higher.  The
revetment layout could be designed to be constructed only in these
locations where overtopping (or undermining) are considered to be
significant problems or could be provided along the length of the whole
wall, with access being provided via the existing steps.

It should be noted that there are safety issues with the construction of the
revetment in that people need to be discouraged from walking on the rock
revetment frontage, and people may become trapped in front of the
revetment during an incoming tide.

The material forming the beach will inevitably erode over the years and
some recharge will be necessary.

6.3 Toe Protection
Some sections of the beach (typically at Ch 300W to Ch 400E) are at very
low levels and there is a risk of exposure of the toe of the promenade wall
should beach losses continue.  Whilst the construction of the Latham berm
has protected the toe of the existing wall from being exposed, significant
overtopping still exists at this site.  This can be more pronounced than at
other areas along the promenade because the lower beach levels allow
larger waves to impact on the wall.

Although not considered to be an issue at this stage, continued lowering of
the beach levels along the promenade will eventually lead to exposure of
the toe.  Remedies to this type of exposure typically comprise the
construction of a stepped revetment in front of the wall.  An example of this
can be found along the Dawlish to Teignmouth railway wall.

6.4 Raising the Level of the Flood Defences
The Promenade wall is currently topped over much of its height by a pre-
cast concrete recurve wall.  In terms of limiting the overtopping, it would be
feasible to raise the level of this cope by approximately 1.5m by
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constructing a new granite faced wall on top of the existing cope, by
removal of the existing handrailing.

The inner face of the wall would be sympathetically faced to be in keeping
with the surrounding area to blend in as far as possible and could provide
additional amenity areas ( seating etc) in it's lee. It will be necessary to
determine the exact dimensions and fixing arrangements for the coping
stones to prove the viability of this scheme, and to assess the likely wave
loads on the upstand wall.

However it should be noted that whilst the wall will prevent some
overtopping, to reduce overtopping over the new crest to safe pedestrian
levels would require raising the crest to a level of +11.2m. This is
approximately 2m above the existing promenade level at it's lowest point
and by 1.4m above the promenade level at it's highest level. A number of
properties along the promenade benefit from sea views and these would be
compromised should this wall be built

An alternative solution would be the construction and fabrication of
temporary flood defences, which would ordinarily not protrude above cope
and promenade level.  During storms where significant overtopping is
anticipated, temporary flood walls are installed and remain in position until
the overtopping has receded ± normally due to a lowering of tide levels.
The temporary flood walls are fixed to permanent foundations embedded in
the Promenade and are normally stored off-site.

6.5 Conclusions to Option Review
The following options have been considered:

6.5.1 Improvements to the Wall Durability
It is recommended that a full condition survey is carried out along the face
of the wall to determine the scale of joint mortar loss.  It is also
recommended that ground-penetrating radar be used to determine any
location of anticipated voiding behind the wall.  It will be necessary to
validate these findings with land-based boreholes.

It is recommended that a regular monitoring inspection regime is set up as
follows;

·  March each year to determine damage caused by the winter storms

·  October each year to identify any repairs that are required prior to
the winter storms

Notwithstanding the above, the noted water loss should be repaired.
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6.5.2a Beach Recharge
A beach recharge option in isolation is not considered a feasible option as
the predominant coastal process is onshore/offshore.

6.5.2b Offshore Breakwater
The feasibility of utilising offshore breakwaters to retain beach recharge
material can only be determined by detailed numerical ( and physical)
modelling. However, given the correct grading of beach recharge material
being available in sufficient volume, offshore breakwaters could provide a
coastal defence option.

6.5.2c Groynes
These are not considered to be viable options

6.5.2d Sill or Perched Beach
It is considered feasible to construct a perched beach behind a new
revetment. However there are aesthetic considerations as the existing
beach would be partly covered by a rock revetment and would be fully
exposed at low tide.

6.5.3 Toe Protection
A concrete toe protection structure is considered a feasible and cost
effective option to the problem of wall undermining. However it does
nothing to protect adjoining areas of the beach from wave attack, or limit
overtopping.

6.5.4 Raising the Level of the Flood Defences
This is considered feasible, providing that the loss of views by local
residents can be balanced by the increase in flood protection.
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7 Grant Funding of Coast Defence Works
Under the Coast Protection Act 1949, Land Drainage Act 1991 and Water
Resources Act 1991, DEFRA provides grant to flood and coastal defence
operating authorities to assist them with the cost of capital flood and coastal
defence projects, the building of new or improved defences, feasibility
studies into possible works and some high level investigation studies into
coastal processes and for shoreline management plans.  DEFRA does not
grant aid maintenance works.

DEFRA provides grant aid to local authorities at a flat rate of 45%.  Local
authority coast protection projects are grant aided at rates between 35% to
75% depending on the cost of the project and the level of investment made
by the promoting authority in approved coast protection projects over the
preceding 10 years as compared with local resources ± the higher this
ratio, the higher the grant rate.

DEFRA's detailed financial planning is carried out on an annual basis and
funds are allocated for each financial year.  The financial planning system
means that the forward planning exercise undertaken in Spring 2004 will be
for the financial year 2005-2006, which will set firm allocation and threshold
scores for that year and indicative and thresholds for the following 2 years.

Forward Planning Applications need to be submitted by end of April in any
one year.

Initial discussions with the Assistant Regional Engineer in DEFRA's Flood
Management District have indicated that any maintenance works to the
wall, e.g. in the form of wall grouting or pointing, would not attract grant
funding.

Proposals to improve the beach frontage for tourism or amenity purposes
would be ªmost unlikelyº to attract grant funding either.

However, should coast defence and / or flood protection works be proposed
which would have an amenity value such as the beach recharge and
offshore breakwaters, then DEFRA's position would need to be clarified.
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8 Costs, Programme & Risks

8.1 Basis of costs
Section 6 indicates a number of potential projects for coast defence/flood
protection at the Promenade. It is not feasible at this stage to determine
cost estimates for all these projects, however cost estimates have been
produced for the following elements;

Table 6.1 Costed Options

Option Description Cost

Perched Beach Recharge £4.3m

Offshore Breakwaters £8.8m

Toe Protection £150k

New Promenade Flood Wall £625k

Analysis of costs have been carried out by Currie & Brown Widnell Ltd.
Costs are based on year 2003 rates and no allowance has been made for
inflation and price index changes in the interim period between the study
and the commencement of construction work.

The cost identified are exclusive of VAT, associated finance costs and do
not include for professional, legal or planning fees or the costs of
environmental , physical or numerical studies

8.2 Programme
The significant developments proposed for the Promenade will require
detailed planning and programming to ensure the correct sequence of
delivery to obtain best value for money. In particular the potential use of
dredged material from the capital dredging projects at Newlyn, Penzance
and potentially Penlee Quarry needs to be considered.,although there is a
risk related with this option as protection to the promenade is dependant on
the success and programmes of the projects at these sites.

However for the projects listed in Section 6.1, and assuming that the
technical investigations prove that the proposals are technically achievable,
and the relevant consents and licences can be gained for the relevant
proposals an indicative construction programme is shown below;
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Table 6.2 Programme

Option Description Construction
Programme

Perched Beach Recharge 6-8 months

Offshore Breakwaters 12-18 months

Toe Protection 3-4months

New raised flood protection wall 6 months

It is intended that a more detailed programme is developed at Concept
Design Stage, which will indicate the sequence of works, once the technical
feasibility of the proposals have been determined.

8.3 Risks
It is suggested that a risk register is developed for each of the projects
listed in Section 6, to identify the potential risk, the potential for that risk to
occur, the financial and programme implication of that risk and to propose
mitigating measures. In this way, proactive management of risks is
encouraged and best value can be gained from any investigations
proposed to mitigate the risk.
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9 Conclusions
Potential solutions to the current problems at the promenade have been
presented in Section 6. It is concluded that;

·  A regular inspection regime is set up to identify damage to the wall
facing and to allow preventative maintenance to be programmed.

·  That a void detailed condition survey is undertaken in front of the
wall and behind it to determine the extent of voids

·  That the option of beach recharge is investigated more fully with
numerical modelling to determine the feasibility of creating an
amenity type beach in front of the existing wall. It should be noted
that this will not be a ªgolden sandº type of beach, but will comprise
of coarse material.

·  That the potential undermining adjacent to the Latham Berm is
investigated and remedial measures such as a stepped toe
instigated if there is a real risk of undermining occurring in the next
1-3 years.

·  That the proposal to raise the existing cope with a new flood wall is
developed further with potential consultation with local residents and
business to identify their concerns.

·  To fully determine the extent and height of the proposed structures,
numerical and beach response modelling will be required.
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Appendix A
Drawings
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Appendix B
Site Investigation Information
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Site Investigation Outline Scope

The following identifies the areas that need to be investigated and the proposed
methods of investigation. The physical elements of these investigations are shown on
Figure 5

Hydrographic Survey

To assist in the wave analysis and to identify the localised coastal processes it will be
essential to have an up to date hydrographic survey.

Marine boreholes

To investigate the foundations for a possible offshore breakwater a number of
boreholes will be needed. These will need to extend down to bedrock.

Cond ition Survey

The Promenade wall will need a detailed condition survey undertaken upon it.  This
survey will include the identification of all significant defects and where reasonably
possible an estimation of voiding through open joints which will be assessed by probing
joints.

Topog raphical survey

A topographical survey will be needed to not only create a base drawing for any further
actions but to also help identify and quantify defects such as surface sagging which is
suspected to be occurring above areas of voiding.

Horizontally drilled probes

Where possible open joints will be probed to assess the presence of voiding; however,
there will be some areas where this is not possible although other indicators may
indicate the presence of a void.  Where this occurs horizontal holes will need to be
drilled through the wall.  This activity should be undertaken after the condition survey
and topographical survey has been completed.

Land bo reholes

Of primary importance with the Promenade wall is the detection and classification of
any voids, the walls buried structure and its foundations.  To help in this assesment a
number of vertical boreholes will be needed. However these can only be located once
suspect voiding areas have either been detected or suspected via other investigation
activities.

CCTV

Investigating voids behind the promenade walls face will be imperative. The land
boreholes can be used to not only detect the presence of a void and its localised
vertical height but can also be used to insert a CCTV camera (pan and tilt) so that the
nature and extent of the void can be assessed.
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There are a number of drains that discharge through the wall.  Waves can generate
significant pressures up these drains that can then rupture and become the catalyst for
void generation.  All of the drains discharging through the wall should have CCTV
surveys undertaken upon them to search for the presence of damage and voiding.

Services Availability Study

The presence of any services close to the Promenade wall that may get damaged by
either the investigations or future grouting operations needs to be assessed.

Other Investigations

These will be identified within the Environmental and Numerical Modelling Scoping
Studies.
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Photographs
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