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\ __) SEA DEFENCE, COASTAL PROTECTION

AND FLOOD ALLEVIATION

"HOLDING BACK THE SEA"

Issue: COASTAL PROTECTION AND SEA DEFENCE - COSTS AND BENEFITS
GCSE and A-Level Decision Making Exercise

BACKGROUND

v A Case Study of Sea-Flooding at Chiswell, Portland Dorset

• The sweep and mass of Chesil Beach protects part of Portland and Weymouth from the sea and the
prevailing south westerly winds and heavy swell of the seas that have their origins far off in the
Atlantic Ocean.

Periodically massive storms hit Chesil Beach and on a number of occasions in the past the storms
have swept the sea over the Beach and water also percolates through the beach.

The Storms of 1978n9 (13 December 1978 - 13 February 1979)

• In the early hours of 13 December 1978, huge storm waves swept over Chesil Beach at Portland.
For three successive days the Royal Manor of Portland was cut off from the South Dorset mainland,
and the ancient fishing community of Chiswell was devastated by the sea. This was the worst sea
flood for over one hundred years!

<:»
• Yet, within the space of three months, on a perfectly calm day, the sea swept into Chiswell once more

causing great damage to the hastily restored buildings. Since the late 1980's, over £3.5 million has
been spent on massive flood alleviation scheme for the community of Chiswell. These sea defences
safeguarded the community during the severe storms of January 1990, and now the National River
Authority have extended the defence system at an additional cost of £1 million.

• The sea defences which have been put in place as part of the flood alleviation scheme comprise of
metal cages called 'gabions' filled with pebbles from the Beach, together with an Intercepting Drain
which takes water coming over and through the Beach, channelling it away from residential
properties and the road and into Portland Harbour.

• These engineering works have been designed to be compatible witn the Beach's status as a Site of
Special Scientific Interest and can be readily seen on a visit to Portland.

• In recognition of the longstanding flooding problems facing the old fishing village of Chiswell,
housing and other development has taken place in such a manner that openings or "Opes" have
been left between buildings to allow water to pass through.
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• Also in the past, houses were once located at the back of the Beach itself where the Esplanade/Sea
wall is now located as part of the protection for remaining dwellings.

• The Borough Council has prepared a Chiswell Design Brief which sets out where new development
can take place and includes the requirements for special foundation and for "underflows" beneath
properties to allow water to pass under the houses. This can be seen in the front wall of the flats at
"Big Ope".

• In the light of the flooding which has taken place in Chiswell in recent years, a conscious decision
was made by the Council and Water Authority to invest in a Flood Alleviation Scheme and to
regenerate the area - a process which is still continuing today.

• During recent storm conditions, the flood alleviation scheme appears to have been successful in
keeping flooding as a result of overtopping, to a minimum.

History and Description of the Problems

• There are early references to Chesil Beach by Leland (1546) and Camden (1590) but it was Sir
John Coode, who in 1853 published the first serious scientific report on the Chesil Beach.
Coode had been Resident Engineer on the construction of the harbour breakwater at Portland
and it was during this period that he took the opportunity of studying the many interesting facets
of this unique shingle structure.

• It is likely that many floods prior to this time did not receive much publicity as flooding was an
accepted fact of life by the Portlanders and consequently it is difficult to establish exact date on
the frequency of major flooding events.

• The following table summarises flood events since 1824.
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FLOODING EVENTS AT CHISWELL PORTLAND SINCE 1824

DATE REMARKS

22.11.1824 Catastrophic. 26.drowned. 80 houses damaged

02.12.1865 Percolation flood. Railway undermined.

03.09.1883 South-westerly gale. Overtopping of beach.

13.02.1899 Percolation flood. Little damage.

1903 No details available

02.1904 Significant overtopping by long-period waves. Flood depth 13ft.

02.1910 Two floods occurred. Percolation and overtopping.

13.02.1914 Overtopping.

14.03.1914 Some overtopping. Mainly percolation. Little damage.

01.1924 Severe flooding.

11.11.1936 Overtopping causing damage.

13.12.1942 Severe flooding for three tides. 150 houses damaged.

26.10.1949 Railway embankments subsided. Flood depth 2ft.

01.12.1954 Quite severe flooding.

18.01.1962 Severe overtopping. Sea wall undermined.

02.02.1972 Unexpected flooding. Mainly percolation.

11.02.1974 2 day storm. Percolation flood.

02.09.1974 Percolation flood.

15.10.1976 Percolation flood.

12.07.1977 Severe rainstorm.

13.12.1978 Severe overtopping of beach and sea wall.

13.02.1979 Long period swell. Severe overtopping. Extensive damage.

12.01.1990 Severe storm. Cove Inn damaged.
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• Coast Protection and Sea Defence works were undertaken in the 1959-1965 period and this formed
the basis for the long term protection of Chiswell, which subsequent protection schemes have been
built upon. These works have also provided an important amenity in the form of the promenade at
the southern end of Chiswell.

• It is of major interest to compare the characteristics of the two most recent events in December 1978
and February 1979. The former event consisted of steep waves of around 12 seconds period
accompanied by a strong onshore wind. These waves, on breaking, plunge at a steep angle creating
a strong backwash which removes material from the beach in a seaward direction. As the storm
continued the beach was progressively cut back which caused a lowering of the beach crest level.
The beach crest level was further reduced by the overtopping water which also caused erosion of
the landward face, assisted by the action of water percolating through the pebbles. Under these
conditions there is a serious danger of a breach occurring if the storm lasts longer than in December
1979 or if a second storm follows shortly upon the first.

• The February 1979 event was caused by an ocean swell of 18 second period waves which arrived
without warning and unaccompanied by strong winds. These swell waves produced much higher
surge .conditions and, although the deep-water wave-height was less than in 1978, the increased
run-up factor of these long-period waves led to much-increased overtopping of the beach and sea-
wall with tons of shingle being carried onto the landward side of the beach. This is supportive of the
fact that long period waves tend to carry material landward rather than seaward. When the seas
subsided the beach was lett in a very stable condition consisting of one long continuous slope from
the crest to the sea. This feature, of course, assists overtopping to some extent and overtopping
does progressively lower the crest, but it is most unlikely that a breach could occur under wave attack
of this type.

• Summarising the history of flooding, it appears that the severity of flooding at Chiswell has not
increased in recent years and the pattern of grants has remained uneven. However, the report of
flood events is now more comprehensive and this may have some bearing on the observed flood
frequencies. There is no credible evidence that a breach has occurred at any time but the lowering
of the crest of the beach remains a cause for concern which has been addressed in the Flood
Alleviation Scheme. Similarly, no hard evidence has been found for a continuous landward
recession of the beach, between Abbotsbury and Chiswell within the relevant period of geological
time.

• Flooding of Chiswell and the Portland Beach Road is caused by overtopping of the existing sea-wall
and beach and by percolation through the beach, each of these components contributing
simultaneously. It is impossible to assess the exact contribution to flooding from each of these
components in any particular event, but it is important to note that most past flooding has occurred
due to percolation of water alone. Percolation through the beach is evidenced by the formation of
"Cans" on the landward slope of the beach and, except in exceptional events, the majority of the
flood-water volume is contributed by percolation.
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PORTLANDERS MAROONED;
HURRICANE-WHIPPED SEAS
SEVER LINK WITH MAINLAND
Portland was isolated on Wednesday following
the second night of the worst storms in living
memory. Hundreds of people had to be
evacuated from their homes in the Victoria
Square, Chiswell and Brandy Row area of the
Island.

The sea wall was breached at Chiswell and floodwaters
poured through Victoria Square. Before dawn the only
road linking Portland to the mainland was under 1.2
metres of water. It was not until three hours after the sea
first crashed over the beach that an emergency road
could be opened across the heliport.

The great storm and flood which had been building up for
a couple of days came before a new flood prevention
scheme for Victoria Square and the Beach Road has
been completed.

A spokesman for the Borough Council said: "we have
only done part one of the scheme - a spillway from the
low point of Victoria Square, to a culvert under the
heliport road and out onto the heliport apron. Phase two
will be a monsoon ditch on the beach side of the main
road running to the Fleet. That will help take floodwaters
away before they reach the road,"

The early-warning system that sprang from previous
floods in Chiswell helped prevent thousands of pounds
worth of damage.

December 1978
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BACKGROUND

The main access to and from Weymouth to the east, the A353 passes between the sea and the wetland
and RSPB nature reserve at Lodmoor. Along approximately 2 Kilometre stretch of road, the highway is
situated below the level of the shingle beach which is held back by a sea wall, constructed many years
ago.

In recent years this beach wall has been over topped with shingle and sea water, blocking and closing the
road on numerous occasions and causing considerable congestion on the other main route into
Weymouth from the north. Engineers have also been concerned about the ability of the wall itself to
sustain repeated storm damage as its foundations are not sound and sea water percolates beneath.

The cause of this problem had its origin with the direction of the tidal flows within Weymouth Bay and the
on shore wave movements onto Preston Beach which have resulted in littoral drift of shingle along the
Preston Beach.

As a result, the Borough Council, as local coast protection authority, the County Council as Highway
Authority and the National Rivers Authority, who also have flood defence responsibilities have joined
together in partnership to implement a new flood alleviation/coastal protection scheme.

Before proceeding with the scheme, studies were undertaken to consider the options available. The
information provided below is from a report by consulting engineers Posford Duvivier.

The Terms of Reference for the study included.

• The need to prevent shingle being thrown by the sea on to the road in large quantities

• The need to remedy the weak state of the present sea wall and provide adequate defences for the
future

• the need to take account of the existing rate of seepage of seawater through the sea defences, the
alteration of which could have a serious impact on the Lodmoor Nature Reserve.

PRINCIPAL CONCLUSIONS ON SCHEMES

General

The options or combinations of options that have been considered include; do nothing, beach
nourishment, groyne systems, terminal groynes, offshore breakwaters, submerged reefs, seawalls and
raising the coastal road. Any viable option that satisfies the criteria must either reduce wave energy
reaching the foreshore, or provide some form of barrier to absorb or withstand storm forces to provide
protection without causing detrimental effects to other areas of the coastline. In addition a viable option
must provide adequate separation between the beach and road and improve the general amenity of the

,~ frontage.
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To improve the defences of Preston Beach road, only three general options or combinations are possible.

• Prevent the extreme effects of storms from reaching the defences.

• Raise the height of the defences.

• Widen the crest width of the defences.

All costs given are at March 1992 values and are broad only.

Offshore Structure

A scheme would have to provide a number of offshore rock breakwaters or reefs along the frontage and
it would be necessary to include beach nourishment and making good of the existing sea wall.

Implications

• Would need careful and extensive design to be sure of efficiency.

• Affects longshore transport of both sand and shingle. Therefore there may be detrimental effects on
adjacent sand beaches.

• Provision of beach nourishment, terminal groyne and work to structures (outtalls, intake, sluice, and
existing wall) will still be necessary.

• Significant environmental concerns will exist with this form of defence, including visual impact and
potential hazards to watersport activities.

Estimated Cost

• Of the order of £12 million plus maintenance.

Recommendation

• Not a preferred option. Raise defence without additional beach A scheme would involve the
replacement of the existing wall with a higher and stronger structure possibly with a new
promenade.

Implications

• Crest level will need to be approximately +5.5m above Ordnance datum, ie 1.0 to 1.5m higher than
existing.

• Beach changes, eg drawdown will be increased.

• The problem of stability of the structure and the difficulties in providing adequate foundations in the
weak ground will result in a large hard structure which will have to be founded on piles.

• Construction would be difficult and disruptive. Significant detrimental landscape implications: visually
unattractive both from land and sea.
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• Gives rise to problems with access.

• Likely to result ln objections which may well be sustainable.

Estimated Costs

• Not calculated but likely to be in excess of £7 million plus maintenance.

Recommendation

• Not a preferred option.

Beach nourishment

A wide variety of natural materials are possible in coastal defence schemes from rocks through shingle to
sand. Before investigating the advantages and disadvantages of the scheme under consideration it is
appropriate to explain, in broad terms, the factors that have been considered.

Rock: The use of rock on coastal frontages as a defence is common, but the size of rock has to be
sufficiently large so that movement in storm conditions does not take place. Therefore rock protection is
not a mobile defence and cannot be considered to be a beach nourishment material.

If rock were to be used at Weymouth in any form of onshore defence, access to the foreshore would be
made even more difficult than it is now, the recreational use of the beach would be impaired, particularly
if rock were to extend to the low water mark, and costs will be high compared with other solutions.

Sand: The use of sand for beach nourishment would result in a considerable increase in sediment
transport rates, perhaps as much as ten to fifteen times. To counteract this, beach management would be
significantly increased and it may prove necessary to construct a groyne field to hold the beach in front of
the sea wall.

Substantially greater volumes of sand would be required to nourish the beach as an initial profile for the
sand would be of the order of 1:25. There must also be sufficient sand at the top of the beach to prevent
exposure of the wall as sand is transported offshore during storm events.

Therefore, nourishment with sand would be considerably more costly than the use of shingle. As a rough
estimate, a cost of some £10-15 million is appropriate.

Environmental concerns with respect to the use of sand would include possible impacts on permeability
affecting the movement of water through to Lodmoor; windblown sand problems; and the congestion and
disturbance which might result from any development of the beach.

Shingle: As this is the material which rests naturally on this foreshore it is likely to be the most easily
sustained on the frontage. The transport rates are relatively low and decrease towards the south west of
the frontage. There are available sources off the south coast of England and shingle beaches are
acceptable to satisfy both public and environmental criteria.

The scheme proposed adopts shingle as the material tor the nourishment. It involves the extension of the
beach seaward to provide a wider crest, and the making good of the existing sea wall with an improved
rear face and a promenade at beach level. There has been concern about the potential for transport of
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shingle onto the Town beaches. The low rates of drift will make this less likely, but a terminal groyne has
also been allowed for in the scheme to reduce the risk still further.

Implications

• Existing beach crest will need to be raised approximately one metre to 2.5 mOD and the beach crest
width increased to approximately 20m.

• Storm effects are contained within the width of the beach crest.

• It is considered that the scheme will not significantly affect the regime in the marsh. Although the flow
path will be a little longer. the material is granular and of similar permeability to that which exists now.

• The level of the existing sea wall would not generally have to be raised. Dependant on choice of final
design some raising may be necessary in places although this can be minimised visually with the
use of a small handrail.

• The existing sea wall will need remedial work to maintain its fabric and it is envisaged that the
scheme will provide an improved back face which is more acceptable visually and gives better
visibility for road users.

• The scheme will provide a promenade along the frontage at beach level which. together with higher
beach levels. will increase the amenity value of the area and enable easier and safer access. Access
to the promenade and the provision of a footpath along the seaward side of the road will, however.
require careful consideration.

• The outfalls and intake will need to be extended by about 40 metres and the sluice from Lodmoor
will have to be renovated so that it works effectively.

• A terminal groyne is considered at this stage of design to be necessary at the West end. It is
proposed that this be incorporated into the outfall extension and the existing outfall construction
across the beach. Landscape impacts will. however. need to be minimised.

• There will be a maintenance requirement to counteract the effects of longshore transport and storm
action.

• An environmentally attractive solution which is unlikely to meet with objections.

Estimated Cost

• Approximately £5.5 million plus maintenance.

This estimate of cost is given as a comparison with the other options discussed but will be dependant
on the detailed requirements. As a guide, a discounted maintenance cost of approximately £0.25
million should be assumed at this stage of the project.

Recommendation

• The preferred scheme.
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SEA WALL REPAIRS START
Workman are carrying out a £16,000 contract to repair the storm- battered sea
defence wall along PrestonBeach Road Weymouth,

Repairs to the 100metre stretch which was damaged would be completed by Easter,

The damage occurred in December but the work had been delayed by recent bad
weather,

Steel reinforcing bars were being inserted into the wall and concrete was being poured
into a timber framework to bring the wall up to the normal level.
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Flooding Aftermath at Chiswell 1904

Victoria Square, Portland 1978

Photography by S. Morris, Portland©

Portland Beach Road 1962

Preston Beach before Sea Defence works

Preston Beach - during beach replenishment
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QUESTIONSITASKS

Using the information provided consider the following statement:

"Should Chiswell be protected from the sea?"

In undertaking your assessment, relate your investigations to the following:

• What are the causes of sea flodding at Chiswell, Portland?

• How long has Chiswell suffered from sea flooding?

• Assess the importance of Chesil Beach as a natural defence.

• How have individual households and house builders sought to protect themselves from flooding?

• Does the land use pattern in Chiswell reflect the problems of flooding?

• How do the people in Chiswell react to the risk of flooding?

• How do you think global warming might affect storms and flooding at Chiswell in the future?

• Make an annotated field sketching of the village of Chiswell.

• Carry out a land use survey of Chiswell area of Portland.

QUESTIONSITASKS

Using the information provided assess the following statement:

"The new sea defences will not stop the problems of flooding on the Preston Beach Road in Weymouth,
Dorset.""

During your study and your investigations focus on the following:

• What caused the road to flood so easily?

• What do you think are the economic problems caused for Weymouth by the road flooding?

• Do you think it would be better if a new road were built instead?

• What is the new sea defence scheme?

• How efficient do you think this new scheme will be and how does it compare with other options?
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