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Appendix E: PPS25 - Tables D1 to D3

Table D.1: Flood Zones

(Note: These Flood Zones refer to the probability of river and sea flooding, ignoring the
presence of defences)

Zone 1 Low Probability

Definition

This zone comprises land assessed as having a less than 1 in 1000 annual probability of
river or sea flooding in any year (<0.1%).

Appropriate uses

All uses of land are appropriate in this zone.

FRA requirements

For development proposals on sites comprising one hectare or above the vulnerability to
flooding from other sources as well as from river and sea flooding, and the potential to
increase flood risk elsewhere through the addition of hard surfaces and the effect of the
new development on surface water run-off, should be incorporated in a FRA. This need
only be brief unless the factors above or other local considerations require particular
attention. See Annex E for minimum requirements.

Policy aims

In this zone, developers and local authorities should seek opportunities to reduce the
overall level of flood risk in the area and beyond through the layout and form of the
development, and the appropriate application of sustainable drainage techniques.
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Table D.1: contd.

Zone 2 Medium Probability

Definition

This zone comprises land assessed as having between a 1 in 100 and 1 in 1000 annual
probability of river flooding (1% - 0.1%) or between a 1 in 200 and 1 in 1000 annual
prabability of sea flooding (0.5% — 0.1%) in any year.

Appropriate uses

The water-compatible, less vulnerable and more vulnerable uses of land and essential
infrastructure in Table D.2 are appropriate in this zone.

Subject to the Sequential Test being applied, the highly vulnerable uses in Table D.2 are
only appropriate in this zone if the Exception Test (see para. D.9.) is passed.

FRA requirements

All development proposals in this zone should be accompanied by a FRA. See Annex E for
minimum requirements.

Policy aims

In this zone, developers and local authorities should seek opportunities to reduce the
overall level of flood risk in the area through the layout and form of the development, and
the appropriate application of sustainable drainage technigues.

Zone 3a High Probability

Definition

This zone comprises land assessed as having a 1 in 100 or greater annual probability of
river flooding (>1%) or a 1 in 200 or greater annual probability of flooding from the sea
(>0.5%) in any year.

Appropriate uses

The water-compatible and less vulnerable uses of land in Table D.2 are appropriate in this
zone.

| The highly vulnerable uses in Table D.2 should not be permitted in this zone.

| The more vulnerable and essential infrastructure uses in Table D.2 should only be
permitted in this zone if the Exception Test (see para. D.9) is passed. Essential
infrastructure permitted in this zone should be designed and constructed to remain
operational and safe for users in times of flood.

FRA requirements

minimum requirements.

All development proposals in this zone should be accompanied by a FRA. See Annex E for
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Table D.1: contd.

Zone 3a High Probability (continued)

Policy aims

In this zone, developers and local authorities should seek opportunities to:

i. reduce the overall level of flood risk in the area through the layout and form of the
development and the appropriate application of sustainable drainage techniques;

il. relocate existing development to land in zones with a lower probability of flooding;
and

iii. create space for flooding to occur by restoring functional floodplain and flood flow I
pathways and by identifying, allocating and safeguarding open space for flood storage. |

Zone 3b The Functional Floodplain

Definition

This zone comprises land where water has to flow or be stored in times of flood. SFRAs
should identify this Flood Zone (land which would flood with an annual probability of 1 in
20 (5%) or greater in any year or is designed to flood in an extreme (0.1%) flood, or at
another probability to be agreed between the LPA and the Environment Agency, including |

water conveyance routes).

Appropriate uses
Only the water-compatible uses and the essential infrastructure listed in Table D.2 that has |
to be there should be permitted in this zone. It should be designed and constructed to:

— remain operational and safe, for users in times of flood;

result in no net loss of floodplain storage;

not impede water flows; and

— not increase flood risk elsewhere.

Essential infrastructure in this zone should pass the Exception Test.

FRA requirements

All development proposals in this zone should be accompanied by a FRA. See Annex E for
minimum requirements.

Policy aims

In this zone, developers and local authorities should seek opportunities to;

i. reduce the overall level of flood risk in the area through the layout and form of the
development and the appropriate application of sustainable drainage techniques; and

ii. relocate existing development to land with a lower probability of flooding.
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Table D.2: Flood Risk Vulnerability Classification

Essential
Infrastructure

= Essential transport infrastructure (including mass evacuation routes)

which has to cross the area at risk, and strategic utility
infrastructure, including electricity generating power stations and
grid and primary substations.

Highly Vulnerable

Police stations, Ambulance stations and Fire stations and
Command Centres and telecormunications installations required
to be operational during flooding.

Emergency dispersal points.

Basement dwellings.

= Caravans, mobile homes and park homes intended for permanent

residential use.
Installations requiring hazardous substances consent.'?

More Vulnerable

Hospitals.

Residential institutions such as residential care homes, children's
homes, social services homes, prisons and hostels,

Buildings used for: dwelling houses, student halls of residence;
drinking establishments; nightclubs; and hotels.

Mon-residential uses for health services, nurseries and educational
establishments.

Landfill and sites used for waste management facilities for
hazardous waste. 20

Sites used for holiday or short-let caravans and camping, subject
to a specific warning and evacuation plan.

Less Vulnerable

Buildings used for: shops, financial, professional and other services,
restaurants and cafes; hot food takeaways; offices; general
industry; storage and distribution; non-residential institutions not
included in ‘more vulnerable’; and assembly and leisure.

Land and buildings used for agriculture and forestry.

Waste treatment (except landfill and hazardous waste facilities),
Minerals working and processing (except for sand and gravel
working).

Water treatment plants.

Sewage treatment plants (if adequate pollution control measures
are in place).
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Table D.3%2: Flood Risk Vulnerability and Flood Zone ‘Compatibility”

Flood Risk | Essential

Water

Highly

More

Less

Vulnerability | Infrastructure | compatible | Vulnerable | Vulnerable | Vulnerable

classification
(see Table D2)

Zone 1 [ v v v v v
| 5 | Zone 2 v v Exception v v
Q Test
"E . B required
E | Zone 3a Exception Test v X Exception T v
@ required Test
| _ required
= : : | TP | e | B S, | [——
2 Zone 3b | Exception Test | v X X X
T | "Functional | required
Floodplain’ ‘
Key:
v Development is appropriate
X Development should not be permitted
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Appendix F: Environment Agency Advice on Sequential Test

Emimmcnt Environment Agency Standing Advice Development and March

Agency Flood Risk - England 2007

Evidence for applying the flood risk Sequential Test to planning applications

welcome | user flowchart | consuttation matrix | sequential test results table | applicant and agent advice

householder and other minor extensions | general surface water drainage information

planning policy statement25 | flood risk assessment note 1 | flood risk assessment note 2 | flood risk

assessment note 3

view this document as pdf for printing

This table sets out the information that the Environment Agency will require as evidence from Local Planning
Authorities as a demonstration that the flood risk Sequential Test (PPS25 paragraphs 16 and 17 and Annex D)

has been properly applied. This information may also be presented by applicants to Local Planning Authorities
in support of the Sequential Test for an application site.

Note — All developments must be appropriate to the Flood Zone in which they sit. See tables D1 - D3 of PPS25

Answer the questions Answer Yes or No Has the Sequential LPA/ Developer to

in order, moving on Test been adequately consult the

where indicated demonstrated? information sources
below.

Hayle Harbour Revision 01
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1. Is the proposed
development
consistent in location,
type and scale with an
allocated site from a
development plan
which has already
been sequentially
tested (i.e. has the
flood risk Sequential
Test already been
carried out for this site

at a strategic level?)

2. Does the
application site fall
within an area
identified to take
‘windfall’
development, that has
been agreed as part of
the development plan
and in association with
a Strategic Flood Risk
Assessment (SFRA)?

3. Does the
development plan or
the background
documents used to

identify potential

If yes, state which
plan, which allocation
and the location of the
allocation site in the

development plan

If the answer is ‘No’
go to question 2

If yes, state the
location in the

development plan

If the answer is ‘No’ or
there are no such

areas identified on the
development plan, go

to question 3

If yes, state which
allocation(s) and the
location in the

development plan.

If the answer is ‘No’

If the answeris Yes
compliance with the
Sequential Test has
been adequately
demonstrated FINISH
HERE

LPA should apply
Exception Test if
appropriate —see
PPS25 Table D3.

If the answeris Yes
compliance with the
Sequential Test has
been adequately
demonstrated -
FINISH HERE

LPA should apply
Exception Test if
appropriate —see
PPS25 Table D3.

If the answer is Yes,
compliance with the
Sequential Test has
NOT been adequately

demonstrated —

Buro Happold

Development plan

Development plan

Development plan

Background

Documents

Environment Agency
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development plan
allocation sites,
contain ‘reasonably
available’ alternative
sites that are situated
in a lower flood risk

zone?

4. Does the
development plan or
the background
documents used to
identify potential

development plan

If yes, state which

allocation sites,

allocation(s) and the

contain alternative o
. location in the
‘reasonably available’

development plan.

sites that are within
the same Flood Zone
and subject to a lower
probability of flooding
from all sources as
detailed by the SFRA?

Notes and definitions

Question 1

go to question 4

FINISH HERE Flood Map

If the answer to
Question 4 is Yes,

Background
compliance with the Documents
Sequential Test has
NOT been adequately
demonstrated — Assessment

FINISH HERE

If the answeris Noto
questions 3and 4
compliance with the
Sequential Test has
been adequately

demonstrated.

LPA should apply
Exception Test if
appropriate —see
PPS25 Table D3.

Development plan

Strategic Flood Risk

Development scale - The planning application must not be for a larger site area than was indicated at the

allocations stage e.g. through a site brief.

Hayle Harbour
Flood Risk Assessment
Copyright © Buro Happold Limited
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‘Pre-Local Development Framework local plans’ - Planning applications for sites allocated through
development plans that pre-date the Planning and Compulsory Purchase Act 2004 will be subject to the
Sequential Test at the planning application stage unless evidence is provided that the plan has been subject to
the flood risk Sequential Test. The requirement for plan allocations to be flood risk sequentially tested was first

introduced in Planning Policy Guidance note 25:Development and Flood Risk published in July 2001.
Question 2

Windfall development- Proposed development for a site that is not an allocated site in an adopted

development plan.
Question 3

Development Plan - The term ‘development plan’ covers both saved, old style development plans that pre-
date the 2004 Planning and Compulsory Purchase Act and new style plans, i.e. Local Development Documents
(LDD) or Supplementary Planning Documents produced as part of Local Development Frameworks (LDF)

produced since 2004 that have reached the submissions stage.

Background documents -Background study documents are produced by the LPA prior to drafting of the LDDs
and include housing and employment land availability assessments and equivalent studies. If these documents
are new i.e. have been created to inform the emerging LDF, then it is reasonable to consider the sites they

contain as reasonably available alternatives for the purpose of applying the Sequential Test.

Reasonably available alternative site allocations - Any site that has been allocated as part of a development
plan and that has yet to receive planning pemission should be counted as a reasonably available alternative
site for the purpose of applying the Sequential Test. In addition when there is no allocations LDD, reference
should be made to any recent background documents (see above) that have been created to inform the
emerging LDF. Sites contained within these documents that are yet to receive planning permission should be

counted as reasonably available alternatives for the purpose of applying the Sequential Test.
Question 4

Strategic Flood Risk Assessment - A district wide assessment of flood risk from all sources, undertaken by the

Local Planning Authority to inform the preparation of its LDD’s.

Where a SFRA does not provide the necessary information or is yet to be completed, reference should be
made to any available site specific FRAs in the councils’ possession. Where flood risk information to answer
question 4 is not available, LPAs should move straight into application of the Exception Test where appropriate
1 (see paragraph 19 of PPS25).
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1 Are there large areas (>50% of land area) of the LPA in Flood Zones 2 and 3 and development is needed to
avoid social or economic blight?, Is the proposed development essential civil infrastructure (Table D2) that has
to remain operating during flooding?, Are there restrictive international or national landscape / biodiversity /
heritage designations (e.g. National Parks, AONBs, SPAs, SACs, SSSIs, World Heritage Sites, Ancient
Monuments) that mean there are no unconstrained sites in ‘appropriate’ Flood Zones?, Does para D10, Table
D1 and Table D3 indicate that this development (Flood Zone and Flood Risk Vulnerability) requires the
application of the Exception Test before it can be permitted? The answer must be yes to these questions for

the Exception test to apply — see paragraphs 18 — 20 of PPS25.

Published by the Environment Agency. © Crown Copyright 2007. This page last updated 3rd March 2007
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Appendix G: Pre-Level 2 SFRA — Penwith District Council, July
2007
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PENWITH DISTRICT COUNCIL
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Penwith District Council
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Final Report

ALLOCATED SITES AND FLOOD RISK



1.1

1.2

2

Background to Housing Provision Requirements

Cornwall Structure Plan 1997 Policy H3 proposed a housing provision for Penwith
based on an average development rate of 240 dwellings per year from 1991 to 2011
(a total provision of 4,800 dwellings over 20 years). The 1997 Cornwall Structure
Plan was superceded in 2004 by the 2004 Cornwall Structure Plan and remains the
current development plan document until the Regional Spatial Strategy is adopted.
The 2004 Structure plan revised the housing requirement for Penwith to 220 dwelling
per year between 2001 and 2016 or a total of 3,300 dwellings over 15 years. At
present the draft Regional Spatial Strategy (RSS) has adopted a similar housing
provision target for Penwith at 240 dwellings per year between 2006 and 2026 or a
total of 4,800 over 20 years.

Strategic Housing Land Availability Assessmernt

Reflecting Government policy of concentrating development on previously developed
land, Planning Policy Guidance3: Housing, advised local authorities to undertake an
Urban Capacity Study to determine areas of potential allocated growth to be carried
forward in preparing Local Plans. A joint UCS was undertaken in 2001 with Cornwall
County Council and the Cornwall district authorities. The results of the study were
included in the Penwith Local Plan (adopted 2004) as housing allocations. Planning
Policy Statement 3: Housing (December 2006) supercedes PPG3 in April 2007,
requiring local authorities to undertake a Strategic Housing Land Availability
Assessment (SHLAA) to identify potential development sites in urban areas, rural
communities and urban extensions. When complete this assessment will provide up
to date information to feed into the preparation process for the Area Action Plans
DPDs (as a part of the new Local Development Framework). Until the results of the
SHLAA become known, this SFRA will look at those allocated sites saved from the
Local Plan which are affected by flood risk. The SFRA will be continuously updated
as new sites emerge in the assessment which have flood risk implications. Only two
allocated sites identified within the SFRA area which lie within areas of high flood
risk, these comprise of the allocation proposals H-C, H-J and TV-D of the Penwith
Local Plan and are situated at:; the Old Stennack (St Ives), Alexandra Road/Western
Promenade (Penzance), Hayle Harbour Regeneration (Hayle).

OLD STENNACK (ST IVES)
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2.2

2.3

Allocated Site: Old Stennack (St lves)
Local Plan Proposal H-J

An area adjacent to the old Stennack school, St Ives (0.26 ha) is
proposed for redevelopment for housing. Proposals for
redevelopment will be required to be of a scale and design that
reflects the character of the surrounding area.

Paragraph 8.3.42 of the Local Plan describes the condition of the site:

A privately owned car parking area close to the town centre would be suitable for
redevelopment for housing if the present use ceased. About 12 dwellings could be
provided at a higher density which would be appropriate in this location.
Development is unlikely to take place before the later part of the plan period.

Site History

The site is currently consists of two car parks, the larger one to the south is known
as Dales Car Park. Prior to the UCS the site had been identified as a potential
development site on the pre Local Plan St lves Town Map (STM-2). Two planning
applications are recorded for the site with only one referring to a residential
development.: 97/P/0512 was an application for the construction of 5 terraced
houses with alterations for vehicular access covering 0.08 ha of the allocated site.
The outline application was approved pending precise details of water surface run-off
for the site. Subsequent information was not supplied and the application expired. A
separate application was made 98/P/0820 for the construction of a two storey car
park with secure storage. The application was approved but Building Control records
show that the development was cancelled.

Flood History

In November 1894 several days of continuous downpour accumulated in the hills
above St lves which were released on the morning of 12" November. In a
tremendous flood the River Stennack burst its banks with the result of the loss of
many properties in the centre of the town. More recently the River Stennack has
flooded four times since 1990. The worst flooding occurred in 1992 and 2002. In
May 1992 the Stennack burst its banks affecting some sixty homes. Ten years later
in November 2002, after heavy rainfall the river burst its banks again but with a more
severe affect. Forty homes and businesses were affected when flood waters
reached up to 1.52 metres (5ft) deep. The water surged above the flood banks and
collapsed a retaining wall. The combined waters of the river overflow and the water
from the highway drains flowed down the Stennack and settled in the lower part of
the town. Following the event the Environment Agency determined that a significant
flood alleviation scheme was required. It was identified that the highway drainage
could not cope with the hard surface run-off in conjunction with the overflow from the



24

2.5

3.

river.

Stennack Alleviation Measures

In 2005 a three year flood alleviation scheme was proposed and endorsed to avoid
the repeated risk of flooding (overall the Stennack had flooded ten time between
1986 and 2006 or once every two years on average). The alleviation scheme will be
undertaken over the next three years in two phases. The first phase is scheduled
from January to March 2006 and the second stage from April 2006 to December
2008. The bulk of the work will involve the refining and rebuilding the culverts and
channels along the river between Consols Farm and its outlet on Harbour Beach, the
intention being to smooth the path of flow to the beach.

Conclusion
When completed the Stennack River alleviation scheme will provide a 1 in 150 year
standard of protection. The protection granted by the alleviation scheme should

allow for the site to be fully developed pending possible surface run-off mitigation to
be agreed with the Environment Agency.

WESTERN PROMENADE (PENZANCE)



3.1

3.2

Allocated Site: Western Promenade(Penzance)
Local Plan Proposal H-C

An area at Alexandra Road — Western Promenade, Wherrytown, Penzance (0.61 ha)
is proposed for redevelopment for housing. Proposals for development will be
required to incorporate an alternative means of access to the narrow lane behind the
Beachfield Hotel. At least 30% of the units to be provided will be sought, through
negotiation to be affordable, meeting the requirements of Policy H-14.

Paragraph 8.3.28 of the Local Plan describes the condition of the site:

A large previously developed site in different ownership, close to the Promenade and
on the end of a residential area, is currently unused and semi derelict. Access could
be provided, by agreement, through adjacent sites or directly on to Alexandra road.
Redevelopment could provide about 30 units at a relatively high density which would
be appropriate in this location. Proposals for the site will need to take account of the
risk of flooding in this area in terms of layout and design and will be required to
comply with relevant Environment Agency guidance. Policies GD-4 and CS-4 (paras.
5.3.11 and 13.3.19) will be particularly relevant. It is envisaged that the site could be
developed during the period 2006-2011.

Site History

The proposed site currently covers three distinct plots consisting of a semi cleared
site with concrete hard standing and a few standing walls, a dilapidated warehouse
in bad state of repair, and a plot overgrown with shrubs and brambles. The site
formerly consisted of a coal yard to the west, now known as Cattrans Coal Yard
(formerly The Old Coal Yard) (0.31ha) and a builders yard to the east (0.3ha). The
Coal Yard was first developed in 1963 (63/P/17233), and provisionally served as a
self hire minibus compound (89/P/0270). The area to the east originally served as an
open garage area (49/P/01344) before becoming a builders yard and storage
compound. The site was identified in the 2001 UCS survey and subsequently
allocated in the Local Plan. A number of proposals have been brought forward in
recent years by two applicants to develop the site along with adjoining sites.
03/P/1496 superceded by 04/P/0350 proposed developments incorporating the
Stanmore Hotel site to the north of the allocated site (0.44ha) alongside a portion of
the allocated site (0.13ha of the builders yard) for 40 and 44 units respectively (with
affordable provision for 12 and 14 units). On both occasions the applications were
withdrawn by the applicant. A second series of applications were submitted by
another applicant 05/P/0056 superceded by 06/P/0695 for the same area as the
previous applications (0.57ha) alongside applications for the remainder of the
allocated site (06/P/0696 which incorporates Cattrans Coal Yard 0.31ha) and the
former Jewson site to the west (06/P/0697) (0.67ha). These applications are
currently under review (July 2006).

Flood History
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3.7

Mounts Bay is protected to the south west by the Lands End Peninsular and to the
East by the Lizard. It is however vulnerable to the impact of the full force of storms
from the south and most particularly from the south east.

Prior to 1825 the present line of the Promenade running along Penzance Beach
consisted of a dune system (towans) covered in marran grasses similar to the dunes
systems extant to the north in St lves Bay and the remnant dunes below Marazion
Marshes. The eastern end of the Penzance towans stretching along from Jubilee
Pool was called Sandy Bank. This dune system presented a natural defence against
coastal intrusion. During the first quarter of the nineteenth century Penzance had
began to expand westward beyond Chapel Street. From 1825 South Terrace had
been developed and construction had started along Marine Terrace. By far the
greatest impact to the natural coastal processes on Penzance Beach occurred in
1843 with the construction of the Promenade and sea wall which used much of the
dune system as backfill to the construction. The initial impact of the new sea wall on
the sediment processes of the beach is difficult to assess but it undoubtedly effected
the natural cycle of beach replenishment which the dune system had previously
afforded to the foreshore. Records suggest that the level of the beach remained
relatively high for the next forty years where popular memory records the fact that it
was possible to jump down to the beach from the top of the wall up until the 1880s.

Other man made constructions developed soon after the promenade wall are also
believed to have interfered with the sediment processes along the beach front. Most
particularly the construction of the new piers at Newlyn in 1884 and 1886 (with
extensions in 1892 and 1914) and the construction of Jubilee Pool in 1935.

However, it must be observed that erosion of the Penzance beach was apparent over
50 years before the development of the Jubilee Pool, indicating that the site
contributes little to sediment transport. It is to be noted that the accreted foreshore
below the Penlee Quarry during this period (c1880) was popularly associated with
the depletion of the Promenade Beach. This association evidently stemmed from
observations that as the one beach eroded the other shore accreted. The activities
at Penlee Quarry were partially blamed at the time, but the causes for the accretion
may also be attributed to sediment transport from Penzance Beach.

The maintenance and repair of the sea wall has generally been undertaken in
piecemeal fashion when required. The promenade wall was first breached during a
storm in 1895. During 1895 and 1896 repairs to the breach were undertaken and a
double sea wall was constructed along the frontage opposite Cornwall Terrace. Then
between 1903 to 1904 strengthening works were undertaken when it was discovered
that the sea wall had began to be undermined due to the drop in the level of the
beach since its construction. A berm was constructed to protect the toe of the wall
along a section of the wall between Morrab Road and Alexandra Road. From 1904
to 1962 there is a history of sporadic breaches and various repairs to different
sections of the wall.

In the early hours of the morning of the 7" March 1962 severe storms battered the
Promenade wall breaching large sections and washing away parts of the esplanade
behind. A high tide coincided with a force 7 increasing to force 8 gale brought waves
as high as 12 feet crashing over the top of the sea wall. The storm did not abate until
the morning of the next day after the second high tide, when the full impact of the
disaster was realised. In the words of Peter Tresidder, the chief council engineer
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who witnessed the event:

The sea wall,the promenade and the road were ripped to pieces. In one place
at South Terrace there was a breach in the wall which extended right across
the road to the boundary wall of a house.... The whole of the wall at
Wherrytown was in ruins.

Repair work on the sea wall was commenced two days later and completed in 12
weeks, but it was recognised that the wall required extensive re-construction. A firm
of consulting engineers, Messrs Lewis and Duvivier, was commissioned to undertake
a report on the scope of the work required. The report was published in August 1962
and outlined a six phase work programme which along most of the length required
the construction of a new sea wall on the seaward side of the previous wall, in effect
advancing the line along the perimeter of the beach. The works outlined in the report
were undertaken between May 1965 and March 1967.

The effect of the 1962 flood was particularly devastating for Wherrytown. Large
areas of the pre-twentieth century development at Wherrytown was washed away
including rows of workers cottages which once straddled both sides of the main road
on West Terrace, along with the remains of the Wheal Wherry mine workings,
ropewalks and the Bolitho Bedford ornamental gardens (which had been landscaped
on the site of the old serpentine works). Of the original settlement only the Mounts
Bay Inn and a large industrial shed (now the Co-op store car park) remain as
testimony to the disaster. The old bus depot sustained minor damage (on the site of
the current Lidl food store) as did the transport depot owned by the Penzance
Industrial Co-operative Society (on the current Co-op food store site) and the
Wherrytown Saw Mills of Harvey & Co (on the present former Jewson site). Ten
cottages were demolished on the north side of the road (Beachfield Place) as part of
the emergency repair works undertaken in the aftermath of the storm.

The townscape of Wherrytown was never satisfactorily restored after the event, and
remains one of the prime sites for potential redevelopment in Penzance. The area
now consists of two food stores, a petrol station, a vacant timber yard and a row of
buildings erected by Laregan Estates a year after the disaster (Beachfield Place) .
Although the sea defences were restored after the event, issues relating to adequate
flood defence for the future have remained an obstacle to proposals to redevelop the
area. In Peter Tresidder's report Sea Defence Works In Penzance (1967) the
situation concerning Wherrytown was described in the following manner:

The Wherrytown area was always susceptible to flooding in times of storm.
This was largely due to the large quantities of water streaming over the barrel
shaped cross section of this part of the promenade and down into the road.
Here the promenade has been re-graded to give a uniform slope towards the
sea from the flood wall and | am confident that the new flood wall will
practically eliminate the risk of flooding in this area.

Since 1962 a number of flooding event have occurred along the promenade frontage
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indicating that the problem is and will remain recurrent until specific improvements
are made to the sea wall. The main flood events include:

e 1962 Topping of sea wall from South Terrace to Tolcarne effecting

approximately 60 dwellings;

1963 Overtopping on to Wherrytown Road;

1983 Overtopping along entire frontage due to high tide and 65mph winds;

1992 Surface water run-off flooding along the promenade;

1998 Overtopping closes West Promenade Road (December);

2003 Overtopping closes West Promenade Road on 4 separate occasions;

2004 Two separate flood events. Overtopping closes West Promenade
Road, bottom of Morrab Road flooded and minor damage to sea wall
opposite amusement arcade (March) effecting 5 properties Overtopping
on promenade (October)

e 2005 Overtopping combined with heavy rains causes surface run-off flooding

on two occasions (October and November).

Hydrological Investigation of Mounts Bay

The succession of frequent flood events along the promenade highlighted the
apparent inadequacies of the current sea defence to the area, this combined with a
number of development proposals planned along the coastal fringe of Mounts Bay,
prompted the local authority to commission Hyder Consultancy Ltd to undertake an
examination of the hydrology of the bay. The study brief included initial feasibility
studies, marine investigations, numerical modelling, and a series of environmental
impact assessments to enable proposed developments in Penzance and Newlyn
harbours, Western Promenade and Penlee Quarry to be brought forward. As a part
of the study brief, Hyder published a number of initial reports of the promenade wall:
the Promenade Option Review(January 2004), Penzance Promenade Condition
Survey (January 2004), followed by the Penzance Promenade Sea Defence Option
Study (May 2005). The principle findings of these reports are set out below together
with references to other relevant reports alongside analytical comments of the SFRA.

Present Status of the Promenade Sea Wall

Penzance Promenade is 932m in length and supports an esplanade with a secondary
flood wall on the landward side. A conditional survey of the wall was undertaken by
Hyder in February to March 2004. The report generally suggests that the wall is in
fair condition but points out that there are large sections of missing or cracked
pointing, which may indicate the presence of voiding behind the wall. Voiding was
not detected by probing. The report suggests that the issue of voiding should be
resolved by further geotechnical investigation. The report suggests that the
anticipated remaining life of the sea wall is 25 years based on the probability of
failure is 1% from year 0, and that the do minimum option should be pro-active, to
maintain the structure and prevent undermining of the foundation.



3.14 Current Problems with the Promenade Wall

e Durability

Significant loss of pointing between facing stones on seaward

side is indicative of voiding caused by the erosion of the backfill

behind the wall through the joints;

e Overtopping Promenade wall is frequently overtopped by waves causing
potential danger to pedestrians and road users;

Undermining Erosion of the beach particularly below the central and western
portions of the wall has led to the exposure of its foundations to
the full impact of wave action.

Proposed Mitigation Measures

3.15 There are a number of solutions to each of the three principle problems facing the
wall outlined above. These will be summarised in the same order below:

3.16

Durability
Remediate Wall

Overtopping
Heighten Wall

Undermining
Construct a Berm

Programme of re-pointing and grouting open joints and
infilling voids wherever apparent to maintain structure to
current standard of protection. This will require constant
monitoring and recording.

Mediate overtopping by increasing the height of the wall.
This will involve the construction of a new wall along the
top of the existing one. This option will not solve the
problem of beach erosion and will bring forward issues of
views with the public. The suggested height of the new
wall would need to be at least 1.5m. However, to reduce
overtopping to a safe pedestrian levels will requires
increasing the present height of the wall by 2m at its
lowest point and 1.4m at its highest point.

The toe of the wall will need to be protected from the
constant undermining by wave action by constructing a
berm along the entire length similar to the one
constructed between 1903-1904.

Protection of the Beach

The three problems facing the sea wall, (durability, overtopping and undermining) are
all the result of the walls exposure to the direct impact of wave action from the sea,
particularly during high tides and during periods of high winds from the south east.
The best overall defence is the more expensive and long term solution of developing
the beach in front of the wall. Records show that the beach has increasingly
regressed since the promenade was constructed in 1843. The natural sediment
processes of the beach were disrupted when the dune system was seriously affected
by partially incorporation into the construction of the wall as infill. The natural cycle of
sand replenishment between dune system and beach was effectively ended. The
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best defence would therefore be to develop and protect the beach on the foreshore.
This would break the maximum impact of the wave energy before it comes into
contact with the wall. There are a number of possible mitigation measure which
could restore the beach:

e Beach Recharge Place sufficient amounts of appropriate sediment on the

beach;

e Groynes Groynes prevent the movement of sediment along the
beach in a lateral direction;

e Breakwater Construction of an offshore breakwater;

e Perched Beach A perched beach retains the beach below a retaining rock
toe.

All four processes have varying degrees of effectiveness against different causes of
beach erosion . There are a number of pros and cons associated with each of the
above solutions discussed in the Hyder reports. A summary of these mitigation
processes are outlined below:

Movement of Currents in Mounts Bay

In 1987 during the Penzance and St lves Sewage Treatment Scheme, site
investigations based around the Gear Rock, (to the south of the Battery Rocks) in
Mounts Bay, analysed the current movements effecting the area around Newlyn and
Penzance. The findings of the investigation are outlined below:

e |dentified that the area was dominated by weak tidal constituents and the
effect of wind induced currents;

e Winds from the north west through south west induced a clockwise current
flow;

e Winds from the north east through south east induced an anti clockwise flow;

e Normal reversing tidal flow only appears significant with light and variable
winds or with those predominating from the south.

Beach Recharge

In 1962 20,000 tonnes of shingle dredged from Newlyn Harbour was dumped on the
foreshore below South Terrace near to Jubilee Pool. Within seven tidal cycles this
sediment had been moved along the beach by littoral processes and deposited below
West Terrace, forming a pebble beach where before there had not been a beach at
all. The Hyder reports argue against beach recharging based on the premise that the
littoral shift in Mounts Bay is directly inshore/offshore. However, the shift of the
beach material in 1962 suggests that the littoral shift of sediment along Penzance
beach is predominantly from east to west, and that this is consequential to the
vulnerable exposure of the bay to the south east. Beach recharge is usually built to
a crest level where overtopping is reduced to a low level (approximately 2%) to
prevent erosion of the lee of the beach crest. In the case of the foreshore of the
Promenade this would require a crest level of approximately +7 MCD or equivalent to
180,000m? of beach material. This figure does not include the amount of extra top up
material required to sustain the recharged beach while it adjusts to the littoral
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processes of the area. The Hyder reports comment that any beach recharging
scheme should be supported by a perched beach option due to the onshore/offshore
sediment shift along the foreshore.

Groynes

The Hyder reports suggest that groynes would be ineffectual on Penzance Beach
due to the direct onshore/offshore process of sediment movement. Littoral drift on
the beach is not recognised and therefore the option of beach recharge supported by
groynes is not discussed as an option.

Breakwater

An offshore breakwater extending to the south west of Battery Rocks would break the
the waves offshore, removing much of their energy before hitting the foreshore and
the wall. A second advantage of a breakwater is that it encourage the accumulation
of material on the landward side of the structure, encouraging the creation of a
beach.

Perched Beach

This consists of a retaining wall which holds the sediment below the toe of the
structure. The draw back to this option is that the defence affords issues of potential
danger to the public and thus presents a health and safety hazard.

Costs of Remedial Action

The following breakdown of costs for each option are summarised below. Itis to be
noted that the costs are approximate and does not include two options:

Perched Beach and Recharge £ 4,300,000
Groynes and Recharge Not given
Toe Protection £ 150,000
Heighten Promenade Wall £ 625,000
Offshore Breakwater £ 8,800,000
Remediate Wall Not given

Groynes and Recharge are not estimated as Hyder reports do not believe Groynes to
be an appropriate option. The remediation of the wall cannot be quantifiable as the
extent of voiding is an unknown quantum pending further investigation.

SMP and Sea Defence



3.20 Shoreline Management Plan Lizard Point to Lands End covers the area of Penzance
Beach in Management Unit 11: Penzance Harbour to Newlyn Harbour, which is
considered as a single implementation length of developed and defended frontage.
The SMP recognises a number of key processes along the line of the Promenade:

Foreshore level reported to have fallen significantly during the last 30 years,
but no measure rates of erosion are available;

Eroding foreshore and falling beach level,

No natural recharge source along 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 SMP recognises two issues which relate to development risk:

Undermining of sea defence due to eroding foreshore;
Overtopping along frontage threaten residential commercial and recreational
properties.

3.21 SMP Recommendations

The SMP recommends two strategic options for the implementation length:

Hold the line strategy, continued maintenance of the current defence line the

preferred option as this will;

1. not impact on the intertidal habitats which exist at Battery Rocks and at the
Chimney,

2. not effect coastal processes and the natural supply of sediment,

3. allow for the continued operation of Newlyn Harbour.

e Continued erosion of foreshore and lowering of the beach level will eventually

lead to undermining of the sea defences. Recommendation of continued
monitoring of foreshore levels.

The SMP concludes its preferred strategy option with the following comment:

The preferred strategy for this length can be achieved by maintaining the
existing defences along this frontage, although there may be need to improve
these in the future due to the risk of undermining. A beach recharge option id
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 6 tidal cycles.

3.22 Tresidder's Report

The chief engineer in the authority at the time of the 1962 disaster, Peter Tresidder,
was an eyewitness to the event and supervised the repair and reconstruction of the
Promenade sea defences during the aftermath, presented a report in 1967 which
contradicts some of the principle findings of the later SMP and the Hyder reports.
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The contradiction among these reports is centred around the occurrence of littoral
drift of sediment along Penzance Beach.

The SMP cited above specifically describes how the tidal impact on the vertical walls
along this length serves to remove any sediment offshore. For this reason alone the
SMP concludes that beach recharge should not be viewed as a feasible option. As
evidence to this conclusion the SMP describes how 30,000 tonnes of material was
lost from the beach and transported further west to Newlyn within 6 tidal cycles. Peter
Tresidder's report of the disposal of the sediment differs in three respects to that
outlined in the SMP:

e 20,000 not 30,000 tonnes of sediment was initially deposited;
e the sediment was not lost to the beach by offshore drift but moved gradually
westward along the beach;

e the sediment was deposited at Wherrytown and not Newlyn.
The significance surrounding these contradictions is if littoral drift sediment
processes do occur along Penzance Beach, then beach recharge supported by
groynes becomes a feasible option of sea defence in the area. The following extract
is from Peter Tresidder's report, Sea Defence Works at Penzance, 1967

I have had no experience of groynes but | understand there were some
groynes at Penzance long years ago. Their history has been lost | regret to
say. It may be that a scheme will one day be prepared for artificial beach
replenishment and the construction of groynes to retain the beach. We do
have a small localised example of littoral drift between the bathing pool (which
was built in 1935) and the Queens Hotel. In 1962 the council agreed to my
suggestion that dredged beach shingle from Newlyn should be dumped on the
foreshore near the bathing pool and some 20,000 tons were in fact tipped
there. Since then the material has moved slowly westwards and there is now
a passable beach were there used not to be any beach. In this connection it is
interesting to note that a landing slipway built in 1904 extending seawards from
Morrab Road has acted as a groyne in preventing the movement of beach
material further west.

In a letter dated 7" March 1996 Tresidder further mentions that:

I had 20,000 tons of shingle tipped onto the foreshore opposite South Terrace
but in a few years the sea moved it westwards to the foreshore opposite West
Terrace

Early photographs of Penzance show the existence of groynes running the length of
the beach. The evidence therefore is contradictory. Historical evidence seems to
suggest that the littoral movement of sediment is from east to west. The Hyder
reports and the SMP suggest it is directly inshore/offshore. This SFRA would require
further investigation to resolve this issue. If the littoral shift of beach material is
indeed proven to be from east to west the option of beach recharge supported by
groynes would be a realistic option to take and is by far the most sustainable in the
long term, both in terms of maintaining the current sea wall, and supplying Penzance
with a new beach.

A new beach along the Promenade would have the potential of regenerating the
surrounding area as the status of the beach will be increased to a tourist destination.
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If undertaken, the recharge programme would follow historic precedent by recharging
the beach on the eastern end near Jubilee Pool, in effect restoring 'Sandy Bank'. A
suggested model would be that an artificially recreated sand dune system will be
defended to the south east from wave attack by Battery Rocks. This will supply a
natural recharge source for the beach. The westward littoral drift of sediment follows
the predominant tidal current from the south east exposure. During low tide the
predominant south westerly winds would replenish the artificial dune system along
the eastern end of the beach. The recreation of a dune system supported by a
network of groynes to hinder the rapid dispersal of sediment towards the west, would
re-initiate a natural process of sand replenishment between dunes and foreshore.

It is interesting to note that the work undertaken by Hyder admits that the specific
causes for reduction of the foreshore level along the Promenade has not been
determined, the reports do conclude however, that a possible cause may be
attributed to the loss of groynes which retained the relatively small amount of
longshore drift material.

Proposed Development Elevation

Both sea level rise and storm surge events have implications on proposed
developments situated along coastal fringes. Both of these factors would need to be
accommodated in any development proposal. The degree of accommodation
depends on the design life (estimated life span) of the planned development. This
accommodation is therefore based on allowances for anticipated sea level rise and
the maximum still sea water level (which has to include average anticipated surge
levels).

Hyder has calculated that proposed developments in the vicinity of the Promenade
must accommodate for a 6.55m ACD (Above Chart Datum) design extreme still water
level. This figure includes an allowance for the design wave height appropriate for
the design return period of 1 in 100 year wave height for a 50 year design life. Hyder
emphasises that the choice of return period and design life is related to a level of
acceptable risk. This figure was estimated by adding: the Mean High Water Springs
(MHWS) as recorded at Newlyn Tidal Observatory at 5.53m ACD along with an
allowance of 0.77m for surge(based on 100 year surge average), gives 6.30 ACD. In
addition to this sea level rise must be added to the equation. DEFRA gives a 5mm
per year sea level rise allowance to cover a 50 year design life for sea defences and
coastal protection structures situated along the south west coastline. This gives
6.30m plus 0.25m (50 years multiplied by 5mm) equals 6.55m ACD allowance.

Summary of SFRA Findings

e Proposed developments reliant upon the Promenade sea defence must make
allowance of a 6.55m ACD design extreme still water level for a 50 year
design life;

e The anticipated remaining life of the current defence standard of the
Promenade wall is estimated at 25 years (from 2004 — 2029);

e The sea wall is in constant risk of overtopping, erosion and undermining from
direct wave impact;



Mitigation against these risks by heightening the wall, regular re-pointing and
infilling, and constructing a berm are costly and only effective in the short term;
Erosion of the foreshore and the lowering of the beach level is directly related
to the life span of the Promenade sea wall;

Recharging of the beach is the most sustainable way of achieving long term
protection of the current defence standard of the sea wall by reducing direct
wave impact;

This SFRA has identified the need to re-assess the sediment flow processes
along the foreshore of the beach. Contradictions between the SMP, the Hyder
investigations and the Tressider report need to be addressed to determine the
most suitable support option to a beach recharge programme. For direct
inshore/offshore movement the programme would have to consider the
options of a breakwater or a perched beach. For a littoral sediment drift from
east to west the best option would be to re-establish a system of groynes.

3.30 Summary of Proposed Actions

Regular monitoring of the beach level on the foreshore;

Monitoring of the sea wall at least twice a year to assess winter damage in
March, and a winter preparation inspection in September;

A trial groyne with limited beach recharge to assess sediment process in the
vicinity of Jubilee Pool. Recharge material may possibly be sourced from
Penlee Beach (the probable drift terminus of the eroded Penzance Beach
sediment).

4. HAYLE HARBOUR REGENERATION



Allocated Site: Hayle Harbour (Hayle)
41 Local Plan Proposal TV-D

South Quay/Foundry Yard (6.0ha), North Quay (7.9ha), and East Quay (1.0ha) are
proposed for redevelopment for uses within classes A1, A2, A3, B1, B2, B8, C1, C3,
D1 and D2 of the Town and Country Planning (Use Classes) Order 1987 (as
amended). Proposals for development will be required to:-

(i) Make provision for improved port facilities;

(ii) Make provision for the maintenance of the existing level of industrial
and storage facilities;

(i) Ensure that town centre uses (A1, A2 and A3) are closely integrated
with the adjacent town centre in terms of location, orientation and
pedestrian movement;

(iv)  Provide for at least 400 dwellings with a target of for 25% of provision
being ‘affordable’ and meeting the requirements of Policy H-14;

(v)  Be of a scale and design that respects the maritime environment and
heritage of these prominent locations in the harbour;

(vi)  Retain existing buildings and traditional features which contribute to the
character of the area;

(vii)  Be compatible with their surroundings; and

(viii)  Include provision for the improvement of the junction between Carnsew
Road and Foundry Lane.

Paragraph 7.3.108 of the Local Plan describes the context of the proposal:

Within the heart of the harbour area there are a number of quays which are

unused and under utilised. The redevelopment of these areas is crucial to the
revitalisation of both the harbour and town. However, these sites either adjoin

or are in close proximity to the Hayle and Carrack Gladden SSSI and a County
Wildlife Site....In addition the quay and the structure adjacent to Carnsew Pool
are important indicators of the town's industrial and maritime heritage.... The

Conservation Area has since been extended to include the harbour area...

4.2  Site History
The area of the proposal covers three quays surrounding the harbour;

e South Quay and Foundry Yard consists of an area which incorporates the old
quay (which is a listed building) extending to the north of the viaduct, which is
currently in a poor state of repair, an area to the west currently occupied by a
number of retail and industrial units, and a derelict area adjacent to the south
on the other side of the B3301 occupying the former Foundry Yard;

e North Quay extends to the north of the entrance of Carnsew Pool from the old
customs house to the site of the old power station. The quay is in good
condition and is currently occupied by a number of industrial units. Former
uses of the area include the power station and the depots of Octel and Esso,
which took advantage of access to the adjacent main channel of the estuary;
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e East Quay is also a listed building and is situated between North and South
Quays and is similarly occupied by a number of industrial and retail properties.

The town of Hayle and it's associated quays developed rapidly alongside the
development of two foundries which were established during the industrial revolution.
These consisted of the Harvey & Co foundry at Penpol to the west and the Cornish
Copper Company foundry works which was situated to the east at Copper House and
adjoining Venton League. As a result of this historical background the current town
of Hayle has two town centre areas focused on the Foundry and Copperhouse ends,
which are joined together by later early twentieth century development centred on the
Passmore Edwards Institute building and the early drill hall.

The earliest development of Hayle centred around a small port which served as a
coal importing and tin ore exporting station between the accessible coal fields of
South Wales adjacent to the north of the Bristol Channel, and the surrounding tin
mines. Tin ore was processed in the stamping mills constructed in neighbouring
Angarrack in 1704, and delivered to the harbour by mule for shipment. In the 1740's
a new quay was built by one John Curnow to service the increasing mining industry
in the area (above East Quay). Then in 1758 the Cornish Copper Company moved in
from Camborne and developed a copper smelting works along Copper House Creek
in present day Venton League. The western side of the harbour was developed
around the foundry established by John Harvey in 1779. This foundry focused on
developing and engineering machinery to support the mining industry and was
particularly famous for the production of precision beam engines and ocean going
ships. The town continued to develop and prosper, briefly superceding Helston as the
Stannery town of the area (1833-1838).

After reaching it's peak in the mid eighteenth century, the foundry and the town
began a slow decline. In 1875 Harvey's acquired the Cornish Copper Company but
by 1903 the foundry itself was closed. The harbour was eventually closed to
commercial shipping when the coal fired Hayle Power Station was closed in 1977.
From 1977 to the current time the main function of the harbour is to serve as a
shellfish port to a small but locally significant fishing fleet. The harbours facilities
also operate as a winter berth for the St Ives fishing fleet.

Today Hayle's economy, much like the rest of the district, is centred on tourism,
exploiting the 'three miles of golden sand' which stretch from the harbour to Godrevy
Head. The area of the towens is currently proliferated with caravan and camping
sites, holiday villages, and holiday chalets.

Hayle Harbour Regeneration

The area of the harbour remains under used and in some places stands derelict. A
number of projects have been put forward to regenerate the harbour area since the
1980s initiated by Peter De Savory, but have failed to secure funding. The prospect
of a regeneration plan became real during 2004 when the Dutch development
company ING Real Estate Development UK acquired the Hayle Harbour
Management Company and the surrounding area owned by Rosshill Properties Ltd.
Since the acquisition of the harbour ING have made a number of pro-active moves to
progressing their regeneration proposals, which included a public consultation
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exercise and exhibition in Hayle in December 2004, which attracted over 2,000
people, and commenced emergency remedial repair work and renovation of a section
of the South Quay wall in February 2005. The next area to be repaired includes the
old dock gates to the southern most sluice to Carnsew Pool.

ING have now set up a new subsidiary company called ING Red (Hayle Harbour Ltd)
to oversee the redevelopment work. The proposed development has been planned
to be phased over a 12 year period with an estimated cost of £150,000,000. The
main elements of the proposal includes:

Restoration of the quays and sluices

provision for a new fishing harbour

54,000 square feet of industrial space

75,000 square feet of business space

23,000 square feet of Wavehub space

870 new dwellings (with 175 affordable provision)
120,000 square feet of retail and commercial
Penpol Creek flood defence and half tide system
new roads, an access junction and bridges

A full planning application for phase 1 is currently expected to be submitted in August
2006 alongside outline applications for phases 2-4.

Flood History

The morphological processes inherent in an estuary are extremely complex and
unpredictable sustaining long periods of accretion followed by long periods of
erosion. Currents within the estuary are influenced by both tidal flow (spring or high
tide and neap or low tides at fortnightly intervals) and fresh water flows from the
various streams which empty into the estuary. The flood tide flows through the main
navigational channel at the mouth of the estuary and divides at Middle Weir into two
channels. One channel goes to the west into Lelant Water while the other heads to
the east into the harbour area. The tidal waters evacuate the estuary along the same
channels determined by the rate of the offshore tidal level and the constraints offered
by sand bars and sluicing release. The sediment flow and hydrological processes of
Hayle Estuary is a sub cell which is wholly dependent on the coastal processes of St
Ives Bay, of which it forms the southern most extremity. Sediment within St lves Bay
forms a closed sand cell, which constantly circulates sediment around the bay. Very
little sediment is believed to enter or leave the system. As a consequence of the St
Ives Bay closed sand cell system, littoral topography along the bay and estuary are
subject to change. For example, the channel through the estuary is known to have
been deeper, allowing passage of ships to travel upstream along the River Hayle as
far as St Erth Bridge up until the sixteenth century. The tide is also known to have
flowed in and out of the area of Foundry Square, being at the mouth of the Mellinear
Stream. Due to the development of the harbour defences flood risk has principally
been restricted to fluvial flooding around the outflows of the Hayle River, Mellinear
Stream and the Angarrack Stream. Mitigation measures undertaken by the
Environment Agency have alleviated flood risk along the course and outflows of all
three rivers, however, proposed development in the harbour regeneration project will
effect the outflow of the Mellinear Stream. The ING proposal does include mitigation
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measures to address this risk which will be a described in more detail below.

Physical Characteristics

The development of the quays and sluice pools has had an impact on the natural
sediment processes of the estuary. By 1810 the Cornish Copper Company had built
Black Road from smelting waste (scoria) which effectively divided Copper House
Creek into Wilson's Pool (on the upper reaches of the creek) and Copper House
Pool. At this time the Copper House Pool was first modified into a tidal reservoir
which incorporating Merchant Cernow's Quay into the structure. This new tidal
reservoir was designed to both serve the docks (which were located in the vicinity of
the current Co-op supermarket site) and to sluice (flush) sediment from the main
navigational channel through the estuary. The company also channelled a new
deep water canal to gain access to their smelters. Development on the western side
of the harbour was initiated after 1779 when the newly established Harvey's Foundry
constructed a quay below Carnsew to allow for the landing and loading of freight from
the sea. At first the Cornish Copper Company allowed the foundry's shipping to use
their sluice for larger ships. However, the rivalry between the two companies
increased with the growing success of the foundry. The competition culminated with
the Cornish Copper Company refusing to operate their sluices to allow vessels
access to Harvey's Foundry. In response Harvey's developed their own tidal
reservoir at Carnsew Pool, with its own sluice mechanism and a number of new
quays around it. The works were finished by 1842, and completed the shape of the
harbour to how it appears today. The sluices operated by impounding water at high
tide within the reservoirs. The impounded water was then released a few hours into
the ebb tide to maximise the flow of the water and the scouring action of clearing
sediment from the main navigational channel of the estuary. From the 1950's the use
of the sluicing system became sporadic and intermittent as large shipping became
infrequent users of the harbours facilities. The sluices ceased to operate in 1976 and
in 1977 the harbour was closed to commercial shipping.

The Hayle Estuary is made up of four main inter tidal areas:

e Lelant Water to the west, comprising of 57ha of mudflats and sandflats and a
deep water channel. The main outflow is from the River Hayle, the main
source of mud sediment supply to this area.

e Carnsew Pool is situated between Lelant Water and the Harbour Area and
comprises of 12ha of man made tidal reservoir which connects to the main
harbour at the sluice gate on the north east of the retaining wall.

e Harbour Area comprises of 15ha with mudflats, sand banks and shingle banks
situated between the three quays. The main channel to the estuary enters the
harbour by Cockle Bank, where the two sluicing channels merge with it.

e Copper House Pool to the east comprises 21ha of man made tidal reservoir
which includes mudflats and deep water channels. The main source of mud
sediment is from the main outflow of the Angarrack Stream. The level of the
tide is maintained by the sill of the flood defence situated at the site of the
original sluice gate on the western side of the pool.

SMP and Potential Flood Risk
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The area of the Hayle estuary is covered in the Lands End to Hartland Point
Shoreline Management Plan under the Management Unit: Hayle Estuary. This
management unit is further divided into four implementation lengths:

1.
2.
3. Carnsew Pool to end of North Quay — defended frontage including harbour

4.

Porth Kidney Sands — Lelant Towans sand dune system and wide beach on
west side to estuary mouth;
Lelant Towans to Carnsew Pool — partially defended mixed use frontage;

quays and tidal reservoirs;
Harvey's Towans — sand dunes backed by tourist accommodation on east side
of the estuary.

The SMP identifies the following threats to each of the implementation lengths;

1.

Porth Kidney dune system receding, with the potential of long term risk to
railway line and golf course. Recommended action is to hold the line and
undertake management of dunes, if no action taken both the rail line and golf
course will be encroached by the sea.

Lelant Towans and the estuarine shore to Griggs Quay, the outlet of the River
Hayle, and the Causeway transport link. Hold the line policy recommended,
little risk of flooding with maintenance of existing flood defences.
Improvements to existing defences would achieve preferred strategy. Along
this stretch there have been two breaches of the flood banks around the
mouth of the river Hayle since 1997. Hayle tidal barrier was constructed in
2001 to help alleviate the older defence situated beneath the Causeway
(which had allowed sea water from the estuary to enter into the river causing
flooding).

Carnsew Pool the harbour quays and Copper House Pool. A hold the line
policy is the preferred option, although an advance the line policy is
acceptable in regards to developing the harbour or tourist facility. Advance on
to the mudflat habitat adjacent to Carnsew Pool unacceptable. All defences
considered to be in a poor state of repair requiring remedial work within the
next five years (1999-2004) and that there is no requirement to increase the
level of these defences. No requirement for additional defences where
currently nonexistent. The proposed standard for sea defences in this
implementation length is 100-300 year standard.

Harvey's Towans is currently suffering from erosion along the shoreline east
of the mouth. The preferred option is to hold the line. Stabilise and maintain
current position of the dunes. Undertake management of the dunes to
enhance habitat value. A retreat the line policy is considered acceptable in
the long term by relocating some of the more seaward chalets to allow natural
dune system to form.

Summary of SMP Recommendations

4.14 The SMP makes the following recommendations in regards to future coastal and sea
defence maintenance for the Hayle Estuary:

Dune management to be undertaken at Porth Kidney/Lelant Towans to the
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west and Harvey's Towans to the east to protect respective dune systems
from erosion;

e Improve (remediate) existing sea defences in Hayle Harbour within five years

(by 2004);

The level of the sea defences do not need to be increased;

No requirement for additional defences around harbour area;

Existing built defences are not detrimental to sediment processes;

Hard defences in areas of dunes could be detrimental to beach stability.

The existing standard (1999) of the harbour sea defences are considered

poor/bad condition (<2). The proposed standard is recommended to be 100-

300 years.

e Sluicing from Copper House Pool can significantly effect beach and channel
formations at the estuary mouth.

Impact of Sand Extraction

With the disuse of the sluices, previous owners of the Harbour employed the method
of sand extraction to keep a safe navigable channel in the estuary. This method
involved both the use of dredging in the channel and sand extraction from the
foreshore of the beach (running approximately three quarters of a mile to the north of
the harbour). The Hayle Harbour Act 1989 allowed for the creation of the Hayle
Harbour Company to manage all of the tidal waters pertaining to the harbour. Part of
this management allows for the removal of sand from the estuary to keep the channel
navigable and for the disposal of the sand. Section 6 of the Act states:

Subject to the provisions of the Act, the Company may from time to time
deepen, dredge, scour, cleanse, alter and improve the foreshore and bed of
the sea and blast any rock within the limits of the harbour and the channels
and approaches thereto and may use, appropriate or dispose of the
materials....

The Hayle Harbour Company, acting as a subsidiary company of the harbour owner
(de Savery group in the 1980's, administrators up to 1996 and Rosshill up to 2004)
has continued to extract sand from the estuary and foreshore. Concerns over the
effect of commercial sand extraction in the estuary by local people led to the
formation of an action group called SOS Hayle (Saver Our Sand). Publicity raised by
the group highlighted how vast quantities of sand (up to 30,000 tonnes per year)
were being removed from the estuary on a commercial basis and not just to manage
the navigational channel. Concerns at the rate of extraction led the local authority in
2002 to commission a report to be undertaken on the hydrological processes of the
Hayle Estuary. The hydrological consultants Babtie Group Ltd were appointed and
published their findings in 2003 in the: Hayle Hydrodynamic Modelling Report 2003.
The Babtie Report, while acknowledging the need to continue limited dredging to
maintain the navigational channel of the estuary, also intimated that such activity
would not effect the erosion of Hayle Beach or the towans as long as the extracted
sediment is not removed from the sediment transport cell of the estuary. Despite the
extractors agreeing to abide by the findings of the report extraction continued
unabated. Further pressure from English Nature and SOS led to a section 18 Notice
being put into force by the coastal protection authority in September 2003, under the
powers of the Coast Protection Act 1949, prohibiting the excavation or removal of
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materials under or on the seashore. Extraction briefly continued under the new
owners ING until July 2004, when the company placed a moratorium on removing
sand from the beach. Since then ING have taken on board a new approach to
protecting the environmental and conservational value of the estuary into their
development proposals, including the policy of recharging the beach with sediment
dredged from the channel, in accordance with one of the key findings of the Babtie
Report.

Babtie Report 2003

The main aim of the study was to assess the estuarine and coastal processes at
Hayle Harbour, using mathematical modelling to assess the impact of tides, currents
and waves on sediment movement mechanisms. The assessment particularly
targeted:

The rapid accretion of sediment in Hayle Harbour;

The effect dredging has on the sediment transport processes;
The erosion and retreat of the Hayle towans dune system;
The reduction in the level of Hayle Beach;

The impact of dredging on the retreating dunes and beach.

The Babtie report described the principle dynamics of the estuary as:

e Hayle Estuary is to be considered a sub cell of the St Ives Bay closed sand
cell, a self sustaining sediment process system;

e Main source of sand transported into the estuary is sourced from Hayle Beach;

e More sand is transported from the beach into the estuary then is transported
onto the beach from long shore drift from Black Cliff to the east and from
offshore supply, leading to the reduction of the beach level;

e Flood tide dominates Hayle Beach transporting sediment to the mouth of the
estuary during spring tides effecting the navigational channel into the estuary;

e Predominant wave action hits the beach obliquely , causing littoral drift of
sediment westwards towards the mouth of the estuary;

e FErosion to the dune systems on both sides of the estuary mouth is evident
from the receding dune crests. The cause of this has been identified to be the
lowering of the foreshore which has allowed wave action to penetrate further
up the beach to the toe of the dunes;

e The lowered beach sand remains wet and cohesive due to sea water
coverage for longer periods, making natural development of the dunes fed by
wind blown sand from the beach less likely to occur;

The Babtie report emphasises that the influence of wave action and fluvial discharge
into the estuary generally has little impact on sediment transport. The main source of
sediment transport comes from offshore, as part of the overall closed sand cell
system of St Ives Bay. The general movement of sediment in this system tends to
follow a west east flow which has led to the formation of a spit extending from Porth
Kidney Sands across the mouth of the estuary.

Hayle Regeneration and Flood Risk



4.19

4.20

4.21

4.22

The SFRA identifies three development proposals for redeveloping the harbour which
have potential flood risk implications. These issues will need to be addressed by
discussion with the Environment Agency, so that adequate mitigation may be
resolved:

Half Tide Harbour Barrier

Removal of Cockle Bank

Penpol Flood Barrier;

Reinstatement of sluices.

New Quay built below Harvey's Towans

Proposed Surface Elevation of Quay Development;

Half Tide Harbour Barrier

The first proposal brought forward by ING for redeveloping the harbour included a
scheme to construct a tidal sill across the main channel to the harbour from North
Quay across to the Middle Weir. The sill was to include a third sluice gate (in
addition to the sluices at Carnsew and Copper House Pools), which would protect all
the quays from flooding and create 15ha of permanent deep water in the harbour.
The impounded water would be maintained at a minimum half tide level and the
channels flushed by water flow fed from the two tidal pool sluices feeding through to
the new proposed third sluice. Part of this proposal also included the need to level
out Cockle Bank. This scheme was dropped when the Environment Agency advised
that all new development surrounding the harbour would have to be raised to an
acceptable height above flood risk level despite the proposed flood defence scheme.
The new proposed scheme now abandons the concept of a third sluice option in
favour of just removing Cockle Bank to create a permanent deep water berthing area
for the mariner, to permit moored boats to remain afloat at all stages of the tide.
Alongside this scheme a protective flood gate would offer flood defence at Penpol
Creek.

The SFRA would recommend that the retention of the proposed half tide harbour
barrier is the more sustainable option in terms of effecting sediment transportation in
the estuary. Allowing for half tidal level of water to be maintained permanently in the
harbour area would reduce the need to remove Cockle Bank and the efficiency of the
two historic sluices (see paragraphs 3.9.2 and 3.9.4 below). The proposal would also
provide an increased flood defence standard then that offered by the alternative
Penpol Creek flood defence proposal (see paragraph 3.9.3 below). An impounded
harbour would greatly improve the visual amenity of the proposed development
along the frontage of Hayle (Bristol waterfront) which should be carefully weighed
against the cost issues of raising the elevation of development above that which is
required to mitigate against flood risk (see paragraph 3.9.6 below).

Removal of Cockle Bank
Cockle Bank is a man made structure situated in the middle of the harbour at a

junction between the sluicing channels from Carnsew Pool and Copper House Pool.
The function of Cockle Bank was to support the flow of water from the two sluices
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into the main navigational channel, acting as a hard barrier to direct the full scouring
effect of the released impounded waters. The removal of Cockle Bank will therefore
effect the overall performance and efficiency of the proposed reinstatement of the
two sluices. The two sluicing channels entering into a deep water basin would both
lose momentum in flow and empty sediment from their respective channels into the
proposed berthing area.  This would require continued dredging to maintain the
depth of the marina area and also the main navigational channel. The SFRA would
recommend a detailed hydrological survey to assess the full implications of removing
the Cockle Bank and the overall effect this would have on the efficiency of the
reinstated sluices.

Penpol Creek Flood Barrier

To replace the initial flood barrier (serving the entire harbour area outlined in the first
proposal), ING has brought forward a another flood mitigation measure in the new
proposal. The greatest threat of flood risk to the proposed redevelopment area is in
the vicinity of Foundry Square. Whereas new development can be constructed
above the suggested flood risk level to accommodate the requirements of
Environment Agency advice, the area of Foundry Square and Penpol Terrace is
already developed, and as these structures cannot be raised above the recognised
flood risk level, an alternative alleviation scheme must be sought. The threat of flood
risk to the Foundry Square area stems from the outflow of the Mellinear Stream into
Penpol Creek. The release of water from the stream is restricted by the tidal water
level in the adjoining Creek, whereby water cannot escape from the stream into the
estuary until the tidal level recedes below the water level of the Mellinear floodplain.
Thus the risk of flooding in Foundry Square coincides with high spring tidal surges
and periods of heavy rain. The Environment Agency have already developed a
system of flood defence structures running the course of the Mellinear Stream from
the sluice gates situated upstream of the Mill Pond down to the syphon outflow at the
outflow into Penpol Creek.

ING propose to use the half tide lock already proposed for Penpol Creek (to maintain
a specific level of water in the creek for the mooring of large vessels), to be adapted
into a flood defence barrier by raising the gate to a higher level to keep water out
rather than to just keep water in. The defence will operate by the closing of the gate
when the tide is low during periods of predicted flood risk to ensure that there is
enough water storage capacity within the protected part of the Creek to receive the
outflow of the surplus run of stream water and surface water run-off from Foundry
Square. This would be stored until the tide begins to recede below a level which
allows for the impounded flood water to be released.

The flood alleviation scheme for Penpol Creek is sound, but there could still be
problems associated with the siting of the flood/tidal lock structure. ING suggest two
proposed locations for the barrier, option 1 will locate the structure at a mid point
along the creek. Option 2 will locate the lock at the mouth of the creek. Currently
ING appear to be supporting the site of the first option, as the siting of the lock at a
mid point along the creek will allow for the rest of the creek to the north outside of
the protected area to be used for the mooring of boats. They further indicate that
their engineers have advised that, although option 1 affords less protection then
option 2 (i.e. half the storage capacity for flood water), it would still offer an
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acceptable level of risk. Option 2, the location of the barrier at the mouth of the creek
adjoining the present site of Philps Bakery would afford maximum flood protection but
would offer restrictions for small boat use to the creek. The SFRA recognises the
need for ING to integrate their development proposals for the creek with existing
use, but to sacrifice a higher level of flood protection for the accommodation of a
limited number of small boats which could be berthed elsewhere in the vicinity could
be a tragic mistake. The SAFRA fully supports the maximum level of flood protection
offered by option 2 as an alternative to the half tide harbour barrier.

Reinstatement of Sluices

The restoration of the sluice systems of Carnsew and Copper House Pools is one of
the key objectives of the ING redevelopment proposal for Hayle Harbour. As the
sluices were last operated in 1975, ING commissioned Wallingford hydrological
consultants to construct computer models of the harbour and estuary to predict the
impact of proposed development and sluicing on tidal flow and sediment movement.
The hydrological modelling was based on three criteria:

1. The impact of sluicing and its effect on maximum tidal flow during the ebb on a
spring tide under current conditions compared with the maximum tidal flow during
the ebb on a spring tide under current conditions without sluices.

2. Maximum tidal currents during the ebb on a spring tide following inclusion of the
new scheme (quay structures and dredging) with and without sluicing.

3. Hydrological assessment of spring tidal levels within Carnsew and Copper House
Pools based on a comparison of levels during current conditions and following
inclusion of the new scheme under normal tidal conditions.

The findings of the three sets of hydrological modelling scenarios were;

1. Sluicing will increase peak current within the harbour and on either side of Cockle
Bank and along the main navigational channel to the sand bar at the mouth of the
estuary and beyond.

2. Main change to tidal flow is a small increase in the vicinity of the new quay and a
reduction in the dredged zone within the harbour (on the site of Cockle Bank).

3. Minor effects on tidal water levels, being a slight decrease of the low tidal level.

New Quay below Harveys Towans

It is proposed that a new quay will be constructed at the northern end of the North
Quay to act as a wave defence for a new deep water harbour area which will
accommodate berths for fishing vessels, commercial activity and the servicing of
wave hub equipment. The hydrological modelling undertaken by the consultants
Wallingford, predicted that there will be an anticipated increase in tidal flow in the
vicinity of the new quay area due to the effect of sluicing and developments proposed
in the new scheme. This is of significant concern as the location of the proposed
quay will be in the vicinity of an area of eroding foreshore and dune system identified
in the SMP.
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An area spanning 120m of Hayle Beach has suffered from commercial sand
extraction for a number of years up until 2004. It is not known to what extent this
process has had in contributing to the lowering of the surrounding beach level and
the erosion of the adjoining dune system, but it certainly could not have been
beneficial. The erosion is apparently localised to an area of approximately 100
square metres of Harvey's Towans, lying directly to the east of the estuary mouth.
The main mechanism is head erosion at the seaward edge of the dunes prompted by
high water and wave action. The process involves erosion of the base of the dune by
wave impact, whereby the upper section of the dune collapses leaving steep
unvegetated faces prone to further wind and wave attack.

The direct cause for the erosion of the dune system is due to the lowering of the
foreshore of the adjacent beach, whereby the loss of beach material allows for larger
waves to penetrate further up the beach to the toe of the dune. The dunes would
naturally be replenished by wind blown sand from the beach. Unfortunately, due to
the low level of the beach, the remaining beach sediment remains wetter for longer
periods making it less likely to be transported by wind back to the dune.

It is difficult to assess what impact the construction of the new quay will have on the
further lowering of the beach, other then the fact that it will increase tidal flow on the
adjacent foreshore which will hence effect an increased level of sediment
transportation. The SMP recommends that the dune system should be stabilised
through dune management and perhaps a policy of retreat the line in the long term.
This would involve the relocation of a number of chalets currently situated behind the
second crest of the dunes, to allow a natural dune to reestablish itself in the long
term. The SMP advises that Hard defences in areas of dunes could be detrimental to
beach stability. The Babtie Report however, recognises that some mitigation may be
necessary to stabilise the foreshore and dune system. This would especially be the
case with the hydrological model's predicted increased tidal flow in the area. The
report describes two possible options:

e The construction of a single stone groyne to be located at the interface
between the dune and the mouth of the estuary. This would act to control tidal
flow from towards the estuary mouth and allow for the littoral transport of
sediment to the beach to encourage accretion. This would help to maintain a
higher and wider beach.

e Beach replenishment used in conjunction with groyne. Material to be fed
uniformly along the beach. Best source of sediment being that dredged from

the estuary.
e Dune Management as suggested in the SMP will comprise of three
components:
e Monitoring of beach levels and dune movement at three monthly
intervals;

e Restricting public access to area at risk of erosion;
e Replenish and maintain vegetation on exposed areas of dunes.

Proposed Development Elevation of Quays;
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Predicted sea level rise and storm surge will need to be taken into account on the
proposed redevelopment of the Hayle harbour quays by ING to ensure that all
development is situated upon a surface elevation above a flood risk level acceptable
to the Environment Agency. This level would therefore have to be higher than the
design extreme still water level. This degree of accommodation for flood risk is also
dependent on the design life of the planned development. The development will be
measured by an anticipated design life of 100 years. Currently ING have initially
proposed a future safe flood risk level of 5.5m OD (or 8.55m ACD) for the proposal.
The proposed must take into account the 5mm per year sea level rise allowance
recommended by DEFRA. The surface elevation of quay development proposed by
ING has initially been estimated at 5.5m OD (8.55m ACD) which includes the 100
year allowance for sea level rise (100 years multiplied by 5mm which equals 500mm)
added to the lowest elevation of the current quays (4.1m OD or 7.15m ACD). This
apparently gives an allowance of 0.9m for surge height increase in a 100 year return
period event.

The proposed development will therefore stand from between 1m to 1.5m above the
present surface of the quays. To meet their proposed safety level of 5.5m OD or
8.55m ACD, ING have made various plans to raise the ground level behind the quays
to meet this requirement, as heightening the quays themselves is not on option as
they are listed structures. To accommodate this requirement, ING propose to raise
the level within the interior of the quays by constructing a platform 1m to 1.5m high
descending to the quay walls by a series of steps, slopes and banks.

To determine the safe surface elevation for development on the harbour quays (that
is the design extreme still water level) tidal data collated from the Newlyn Tidal
Observatory can be used to the same formula as used by Hyder for the Western
Promenade proposal in Penzance cited above. That is 5.53m ACD or 2.48m OD
(MHWS) plus an allowance of 0.77m ACD or -2.28 OD (MLWS — based on 100 year
surge average) gives 6.30m ACD or 3.25m OD. In addition to this the sea level rise
consideration of 5mm per year (recommended by DEFRA) for the 100 year design
life of the development (500mm) gives a total of 6.80m ACD or 3.75m OD for the
design extreme still water level.

The SFRA has identified that the quay developments must be built above the design
extreme still water level of 6.80m ACD or 3.75m OD. The current ING proposal to
develop on an elevation of 8.55m ACD or 5.5m OD accords with this requirement,
and allows additional provision for 350 years of sea level rise (an extra 1,750mm
divided by 5mm annual sea level rise allowance). The SMP recommends that the
standard of defence for the harbour area should be increased from the current
standard of <2 years to a proposed standard of between 100-300 years. The ING
proposal is equivalent to 450 years standard of protection. In conclusion the
following summary is outlined in the SMP in regards to a sea defence strategy for
Hayle harbour:

Throughout lengths 2 and 3, nearly all of the defences are reported to be in
poor or bad condition, with a need to undertake remedial works assumed to be
within &5 years. No requirement to increase the level of these defences has
been determined from the data currently available, although it should be noted
that no details exist for a number of these defences. No requirement for
additional new defences where none exist at present has been determined and
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therefore no action is necessary in these areas. Future development
proposals would, however, necessitate a more detailed examination of both
the above requirements. It is therefore probable that the preferred strategy for
both these lengths can be achieved by improvements to the existing defences,
with such works likely to satisfy grant aid requirements unless categorised as
routine maintenance.

Summary of Flood Risk Implications

The original proposal for a half tide barrier serving to impound the harbour area offers
the best defence standard for the development proposal aside from cost;

Under present conditions, sluicing will increase peak tidal flow through navigational
channels in and from the harbour to the mouth of the estuary and beyond;

Removal of Cockle Bank with dredged maintained deep water area will reduce effect
of tidal flow and sluicing efficiency;

The Penpol tidal lock and flood barrier affords a potentially good standard of
protection to Foundry Square as an alternative to the harbour half tide barrier;

The new quay will effect an increase in tidal flow in the vicinity of Harvey's Towans;
Development should be built above the design extreme still water level of 680m ACD
or 3.75m AQOD.

Summary of Proposed Actions

The reinstatement of the sluices is a more sustainable and environmentally sensitive
method of controlling sediment transportation in the harbour and estuary to the
alternatives of dredging and sand extraction from Hayle Beach;

The original proposal for a half tide barrier serving the harbour should be reassessed
as it provides the best defence standard for the development. The pluses gained by
visual amenity gained to support the regeneration of the harbour should be critically
offset against savings in cost for higher then required development elevation levels
planned for the quays;

The removal of Cockle Bank should be reconsidered in light of the structure's primary
function of supporting the sluice channel flows in the centre of the harbour. The
extraction of the bank will cause the need to constantly dredge the deep water
berthing area (proposed in it's place), as well as the main navigation channel. This is
due to the fact that the overall effectiveness of the sluices could be significantly
reduced by the loss of the bank;

The siting of the Penpol flood barrier should be situated at the mouth of Penpol
Creek to maximise the standard of protection of the proposed flood defence if the half
tide harbour barrier is abandoned;

To develop an integrated beach and dune management plan to consider mitigation
against further erosion of dunes and beach (especially in light of predicted increased
tidal flow in area of the proposed new quay). This may involve a programme of
beach replenishment from dredged estuarine sediment source and the construction
of a stone groyne to encourage sediment deposit away from the mouth of the estuary
and on to the depleted foreshore;

Elevation of quay developments may not require a 1 in 450 year standard of defence.
SMP recommendation is for between 100 — 300 year standard (between 6.80m ACD
or 3.75m AOD and 7.00m ACD or 3.95m AOD) as sufficient.
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} } Project Sheet No 1 of
I
Job Number: Hayle 022961
T Area of Project|FRA Calculations Revision 0
P Element Prepared by date |D.B
} } Description
I Checked by date |LM
Buro Happold
Annual
Hydrological Soil runoff Average Catchment | Growth curve 100
Site Information Region Soil Type Coefficient Rainfall Wetness Index year
All Sites 8.00 1.00 0.15 1050.50 124.00 2.40
Existing % Proposed % Greenfield Existing Proposed Runoff Increase/
Description Area (ha) Impermeable | Impermeable | Runoff (I/s) Runoff (I/s) (I/s) Reduction
Proposed Riviere Fields
7.72 0% 49.54% 7.58 12.06 37.64
Proposed Hilltop
3.77 - 33.12% - - 14.24
Proposed South Quay
6.08 - 73.54% - - 39.40
Proposed North Quay
5.02 - 93.17% - - 39.13
Proposed East Quay
1.62 - 75.91% - - 10.75
Proposed North Quay Power Station
7.70 - 40.99% - - 33.13
% Permeable |% impermeable
Description Total Site Area Permeable Area
ha m"2 ha m"2
Greenfield Riviere Field 7.72 77174.00 7.72 77174.00 100.00% 0.00%
Proposed Riviere Field
7.72 77174.00 3.89 38942.00 50.46% 49 54%
Proposed Hilltop
3.77 37672.00 2.52 25196.00 66.88% 33.12%
Proposed South Quay
6.08 60765.00 1.61 16078.00 26.46% 73.54%
Proposed North Quay
5.02 50181.00 0.34 3429.00 6.83% 93.17%
Proposed East Quay
1.62 16187.00 0.39 3900.00 24.09%! 75.91%
Proposed North Quay Power Station
7.70 76951.00 4.54 45410.00 59.01% 40.99%
Storage Volume Required
Storage Volumes (m3)
Proposed Riviere Field
3,379
Total 3,379
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Project Sheet No 2 of

Job Number:
Area of FRA Calculations for the Broccoli Feilds Revision 0
Project
Element Prepared by |DB
Description date

Greenfield Rate of Runoff Checked by

date

Greenfield Run-off Rate (Riviere Fields)

Existing Runoff Calculations

Permeable Area

Guidance Notes

DEFRA/EA: Flood and Coastal Defence R&D Programme:

Existing Site Area 7.72 ha Preliminary rainfall runoff management for developments: R&D
7.72|technical Report W5-074A/TR1 Revision B (2004)

Name Symbol Unit Value

100%

. ) 8.00 i .

Hydrological Region R 1 to 10 (Appendix 1, Fig. 1.1)
SOIL type S £00 Wallingford Procedure: Volume 3: WRAP map

772 Gross catchment excluding large parkland areas being allocated
Catchment size A ha i as public open space. If greater than 200 ha use FEH.

50 Excluding public open space. If 50 ha or less, use 50 ha in

Area A ha formula and factor by the ratio of the site area to 50 ha.
Annual rainfall SAAR mm 0y FEH Descriptors

o5 CIRIA/HR Wallingford: Drainage of development sites A guide:
Soil runoff coefficient SPR i X108: Table E1:SPR value for SOIL (runoff coefficient)
Catchment mean annual peak flow for 50 ha  Qgar sonay  |Ifs 32.56 0.00108(A/100)*% SAAR' " SPR**
Catchment mean annual peak flow for site QgaR (site) IIs 5.03
Mean annual peak flow per unit area Qgaria I/slha 0.65
1 year peak discharge per unit area Q lIs/ha 0.6 Qgar/a X 0.85
Growth curve 100 year GCigo 2.40 Appendix 1, Fig. 1.2
100 year peak discharge per unit area Q100 I/s/ha 1.6 Qgaria X GCigo
1-year discharge rate IIs 4
100-year discharge rate IIs 12.06

lIslha 1.56
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Project

Job Number:

Sheet No 4 of

Area of Project

FRA Calculations

Revision 0

Element
Description

Proposed Rate of Runoff

Prepared by date

Checked by date

Developed Riviere Field Rate of Runoff (unattenuated)

Proposed Runoff Calculations Permeable Area | Impermeable Area Guidance Notes
DEFRA/EA: Flood and Coastal Defence R&D Programme:
Planning Application Area 7.72 ha 3.89 3.82 Preliminary rainfall runoff management for developments:
R&D technical Report W5-074A/TR1 Revision B (2004)
Name Symbol Unit Value
0, 0/
50% 50% Percentage of site that will be permeable and impermeable
Hydrological Region R B G0y 1 to 10 (Appendix 1, Fig. 1.1)
SOIL type S ) 409 Wallingford Procedure: Volume 3: WRAP map
3.89 282 Gross catchment excluding large parkland areas being
Catchment size A ha | . allocated as public open space. If greater than 200 ha use
50 50 Excluding public open space. If 50 ha or less, use 50 ha in
Area A ha formula and factor by the ratio of the site area to 50 ha.
Annual rainfall SAAR mm Aoz Y03 FEH Descriptors
CIRIA/HR Wallingford: Drainage of development sites A
. .. 15.00% 15.00% o w108 T oo P’ -
Soil runoff coefficient SPR guide: X108: Table E1:SPR value for SOIL (runoff coefficient)
Catchment mean annual peak flow for 50 ha QsaR (50na) IIs 32.56 32.56 0.00108(A/100)*%. SAAR" SPR?Y
Catchment mean annual peak flow for site QeAR (site) /s 254 2.49
Mean annual peak flow per unit area Qgar/a I/s/ha 0.65 0.65
Growth curve 100 year GCigo 2.40 2.40 Appendix 1, Fig. 1.2
100 year peak discharge per unit area Q100 lis/ha 1.56 1.56 Qgaria X GCigo
Allowable discharge rate Qalow IIs 6.09 5.97 IMP X Q100
TOTAL I/s 1203
Partially urban catchment Qgarrban) fOr impermeable area only (in accordance with Wallingford Procedure)
Name Symbol Unit Value Comment
Institute of Hydrology (1994) Report No. 124 Flood Estimation
for small catchments
- * R
Catchment index CIND 15.08 CIND = 102.4*SOIL + 0.28 (CWI - 125)
Catchment wetness index CwI 124.00 FSR, 1, Fig 6.62
Urban fraction URBAN 1.00 Urban Value 1.0 (maximum)
NC = 0.92 - 0.00024 SAAR (for 500 < SAAR < 1100 mm) or
Rainfall continentality factor NC 0.67 NC = 0.74 - 0.000082 SAAR (for 1100 < SAAR < 3000 mm
0.00108(A/100)*® SAARM SOIL?Y" (IH Report 124 Equation
Rural catchment mean annual peak flow for site for 100yrs QeAR(rural)100 IIs 5.97 7.1)
Qearnura * (1 + URBAN)?™C[1 + URBAN {(21/CIND) - 0.3}]
Urban catchment mean annual peak flow for site for 100yrs | Qgarurban)100 IIs 31.56 from IH124 Equation 7.4
TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs Ils 37.64
TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs I/s/ha 4.88
TOTAL Impermeable + Permeable for 100 yrs + 30% climate change I/s 48.94
TOTAL Impermeable + Permeable for 100 yrs + 30% climate change I/s/ha 6.34!
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Project

Job Number:

Sheet No 4 of

Area of Project

FRA Calculations

Revision

Element
Description

Proposed Rate of Runoff

Prepared by date

Checked by date

Developed Hilltop Rate of Runoff (unattenuated)

Proposed Runoff Calculations Permeable Area | Impermeable Area Guidance Notes
DEFRA/EA: Flood and Coastal Defence R&D Programme:
Planning Application Area 3.77 ha 2.52 1.25 Preliminary rainfall runoff management for developments:
R&D technical Report W5-074A/TR1 Revision B (2004)
Name Symbol Unit Value
0, 0,
67% 33% Percentage of site that will be permeable and impermeable
Hydrological Region R G B 1 to 10 (Appendix 1, Fig. 1.1)
SOIL type S L0 a0y Wallingford Procedure: Volume 3: WRAP map
252 125 Gross catchment excluding large parkland areas being
Catchment size A ha i ) allocated as public open space. If greater than 200 ha use
50 50 Excluding public open space. If 50 ha or less, use 50 ha in
Area A ha formula and factor by the ratio of the site area to 50 ha.
Annual rainfall SAAR mm WS S FEH Descriptors
] - 15.00% 15.00% CIBIA/HR V\{allingford:l Drainage of development sites A )
Soil runoff coefficient SPR guide: X108: Table E1:SPR value for SOIL (runoff coefficient)
Catchment mean annual peak flow for 50 ha Qsar (s0ha) IIs 32.56 32.56 0.00108(A/100)*%®.SAAR . SPR*Y
Catchment mean annual peak flow for site QBAR (site) IIs 164 0.81
Mean annual peak flow per unit area Qgaria lis/ha 0.65 0.65
Growth curve 100 year GCioo 2.40 2.40 Appendix 1, Fig. 1.2
100 year peak discharge per unit area Q100 l/siha 1.56 1.56 Qgar/a X GCioo
Allowable discharge rate Qallow IIs 3.94 1.95 IMP X Q100
TOTAL I/s Sl
Partially urban catchment Qgarqurban) fOr impermeable area only (in accordance with Wallingford Procedure)
Name Symbol Unit Value Comment
Institute of Hydrology (1994) Report No. 124 Flood Estimation
for small catchments
= *! -
Catchment index CIND 15.08 CIND = 1024*SOIL + 0.28 (CWI - 125)
Catchment wetness index CWI 124.00 FSR, I, Fig 6.62
Urban fraction URBAN 1.00 Urban Value 1.0 (maximum)
NC = 0.92 - 0.00024 SAAR (for 500 < SAAR < 1100 mm) or
Rainfall continentality factor NC 0.67 NC = 0.74 - 0.000082 SAAR (for 1100 < SAAR < 3000 mm)
0.00108(A/100)*®.SAAR SOIL?*" (IH Report 124 Equation
Rural catchment mean annual peak flow for site for 100yrs QBAR(rural)100 I/'s 1.9 7.1)
Qearrura * (1 + URBAN)?NC[1 + URBAN {(21/CIND) - 0.3}]
Urban catchment mean annual peak flow for site for 100yrs | Qgarurban)100 IIs 10.3 from IH124 Equation 7.4
TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs Ils i
TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs I/slha 38
TOTAL Impermeable + Permeable for 100 yrs + 30% climate change Ils 18.51
TOTAL Impermeable + Permeable for 100 yrs + 30% climate change I/slha 4.91
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Developed South Quay Rate of Runoff (unattenuated)

Project Sheet No 4 of
Job Number:
Area of Project|FRA Calculations Revision
Element Prepared by date |DB
Description
Proposed Rate of Runoff Checked by date

Proposed Runoff Calculations Permeable Area | Impermeable Area Guidance Notes
DEFRA/EA: Flood and Coastal Defence R&D Programme:
Planning Application Area 6.08 ha 161 4.47 Preliminary rainfall runoff management for developments:
R&D technical Report W5-074A/TR1 Revision B (2004)
Name Symbol Unit Value
0/ 0,
26% 4% Percentage of site that will be permeable and impermeable
Hydrological Region R G B 1 to 10 (Appendix 1, Fig. 1.1)
SOIL type S L0 a0y Wallingford Procedure: Volume 3: WRAP map
161 447 Gross catchment excluding large parkland areas being
Catchment size A ha i . allocated as public open space. If greater than 200 ha use
50 50 Excluding public open space. If 50 ha or less, use 50 ha in
Area A ha formula and factor by the ratio of the site area to 50 ha.
Annual rainfall SAAR mm WS S FEH Descriptors
] - 15.00% 15.00% CIBIA/HR V\{allingford:l Drainage of development sites A )
Soil runoff coefficient SPR guide: X108: Table E1:SPR value for SOIL (runoff coefficient)
Catchment mean annual peak flow for 50 ha Qsar (s0ha) IIs 32.56 32.56 0.00108(A/100)*%®.SAAR . SPR*Y
Catchment mean annual peak flow for site QBAR (site) IIs 105 2.91
Mean annual peak flow per unit area Qgaria lis/ha 0.65 0.65
Growth curve 100 year GCioo 2.40 2.40 Appendix 1, Fig. 1.2
100 year peak discharge per unit area Q100 l/siha 1.56 1.56 Qgar/a X GCioo
Allowable discharge rate Qallow IIs 2.51 6.98 IMP X Q100
TOTAL I/s .
Partially urban catchment Qgarqurban) fOr impermeable area only (in accordance with Wallingford Procedure)
Name Symbol Unit Value Comment
Institute of Hydrology (1994) Report No. 124 Flood Estimation
for small catchments
= *! -
Catchment index CIND 15.08 CIND = 1024*SOIL + 0.28 (CWI - 125)
Catchment wetness index CWI 124.00 FSR, I, Fig 6.62
Urban fraction URBAN 1.00 Urban Value 1.0 (maximum)
NC = 0.92 - 0.00024 SAAR (for 500 < SAAR < 1100 mm) or
Rainfall continentality factor NC 0.67 NC = 0.74 - 0.000082 SAAR (for 1100 < SAAR < 3000 mm)
0.00108(A/100)*®.SAAR SOIL?*" (IH Report 124 Equation
Rural catchment mean annual peak flow for site for 100yrs QBAR(rural)100 I/'s 7.0 7.1)
Qearrura * (1 + URBAN)?NC[1 + URBAN {(21/CIND) - 0.3}]
Urban catchment mean annual peak flow for site for 100yrs | Qgarurban)100 IIs 36.9 from IH124 Equation 7.4
TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs Ils s
TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs I/slha 5.5
TOTAL Impermeable + Permeable for 100 yrs + 30% climate change Ils 51.22
TOTAL Impermeable + Permeable for 100 yrs + 30% climate change I/slha 8.43
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Developed North Quay Rate of Runoff (unattenuated)

Project

Job Number:

Sheet No 4 of

Area of Project

FRA Calculations

Revision

Element
Description

Proposed Rate of Runoff

Prepared by date

Checked by date

Proposed Runoff Calculations Permeable Area | Impermeable Area Guidance Notes
DEFRA/EA: Flood and Coastal Defence R&D Programme:
Planning Application Area 5.02 ha 0.34 4.68 Preliminary rainfall runoff management for developments:
R&D technical Report W5-074A/TR1 Revision B (2004)
Name Symbol Unit Value
0, 0,
7% 93% Percentage of site that will be permeable and impermeable
Hydrological Region R G B 1 to 10 (Appendix 1, Fig. 1.1)
SOIL type S 0 a0y Wallingford Procedure: Volume 3: WRAP map
034 468 Gross catchment excluding large parkland areas being
Catchment size A ha i . allocated as public open space. If greater than 200 ha use
50 50 Excluding public open space. If 50 ha or less, use 50 ha in
Area A ha formula and factor by the ratio of the site area to 50 ha.
Annual rainfall SAAR mm WS S FEH Descriptors
] - 15.00% 15.00% CIBIA/HR V\{allingford:l Drainage of development sites A )
Soil runoff coefficient SPR guide: X108: Table E1:SPR value for SOIL (runoff coefficient)
Catchment mean annual peak flow for 50 ha Qsar (s0ha) IIs 32.56 32.56 0.00108(A/100)*%®.SAAR . SPR*Y
Catchment mean annual peak flow for site QBAR (site) IIs 0.22 3.04
Mean annual peak flow per unit area Qgaria lis/ha 0.65 0.65
Growth curve 100 year GCioo 2.40 2.40 Appendix 1, Fig. 1.2
100 year peak discharge per unit area Q100 l/siha 1.56 1.56 Qgar/a X GCioo
Allowable discharge rate Qallow II's 054 731 IMP X Q100
TOTAL I/s e
Partially urban catchment Qgarqurban) fOr impermeable area only (in accordance with Wallingford Procedure)
Name Symbol Unit Value Comment
Institute of Hydrology (1994) Report No. 124 Flood Estimation
for small catchments
= *! -
Catchment index CIND 15.08 CIND = 102.4*SOIL + 0.28 (CWI - 125)
Catchment wetness index Ccwi 124.00 FSR. 1, Fig 6.62
Urban fraction URBAN 1.00 Urban Value 1.0 (maximum)
NC = 0.92 - 0.00024 SAAR (for 500 < SAAR < 1100 mm) or
Rainfall continentality factor NC 0.67 NC = 0.74 - 0.000082 SAAR (for 1100 < SAAR < 3000 mm)
0.00108(A/100)*®.SAAR SOIL?*" (IH Report 124 Equation
Rural catchment mean annual peak flow for site for 100yrs QBAR(rural)100 I/'s 7.3 7.1)
Qearrura * (1 + URBAN)?NC[1 + URBAN {(21/CIND) - 0.3}]
Urban catchment mean annual peak flow for site for 100yrs | Qgarurban)100 IIs 38.6 from IH124 Equation 7.4
TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs Ils S9.1
TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs I/slha 5
TOTAL Impermeable + Permeable for 100 yrs + 30% climate change Ils 50.86
TOTAL Impermeable + Permeable for 100 yrs + 30% climate change I/slha 10.14
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FRA Calculations

Revision
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Proposed Rate of Runoff

Prepared by date
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Developed East QuayRate of Runoff (unattenuated)

Proposed Runoff Calculations Permeable Area | Impermeable Area Guidance Notes
DEFRA/EA: Flood and Coastal Defence R&D Programme:
Planning Application Area 1.62 ha 0.39 1.23 Preliminary rainfall runoff management for developments:
R&D technical Report W5-074A/TR1 Revision B (2004)
Name Symbol Unit Value
0, 0,
24% 6% Percentage of site that will be permeable and impermeable
Hydrological Region R G B 1 to 10 (Appendix 1, Fig. 1.1)
SOIL type S L0 a0y Wallingford Procedure: Volume 3: WRAP map
0.39 103 Gross catchment excluding large parkland areas being
Catchment size A ha i ) allocated as public open space. If greater than 200 ha use
50 50 Excluding public open space. If 50 ha or less, use 50 ha in
Area A ha formula and factor by the ratio of the site area to 50 ha.
Annual rainfall SAAR mm WS S FEH Descriptor_s _ _

] - 15.00% 15.00% CIBIA/HR V\{alhngford.l Drainage of development sites A )
Soil runoff coefficient SPR guide: X108: Table E1:SPR value for SOIL (runoff coefficient)
Catchment mean annual peak flow for 50 ha Qsar (s0ha) IIs 32.56 32.56 0.00108(A/100)*%®.SAAR . SPR*Y
Catchment mean annual peak flow for site QBAR (site) IIs 0.25 0.80
Mean annual peak flow per unit area Qgaria lis/ha 0.65 0.65
Growth curve 100 year GCioo 2.40 2.40 Appendix 1, Fig. 1.2
100 year peak discharge per unit area Q100 l/siha 1.56 1.56 Qgar/a X GCioo
Allowable discharge rate Qallow II's 061 192 IMP X Q100
TOTAL I/s i
Partially urban catchment Qgarqurban) fOr impermeable area only (in accordance with Wallingford Procedure)

Name Symbol Unit Value Comment
Institute of Hydrology (1994) Report No. 124 Flood Estimation
for small catchments
= *! -
Catchment index CIND 15.08 CIND = 102.4*SOIL + 0.28 (CWI - 125)
Catchment wetness index Ccwi 124.00 FSR. 1, Fig 6.62
Urban fraction URBAN 1.00 Urban Value 1.0 (maximum)
NC = 0.92 - 0.00024 SAAR (for 500 < SAAR < 1100 mm) or
Rainfall continentality factor NC 0.67 NC = 0.74 - 0.000082 SAAR (for 1100 < SAAR < 3000 mm)
0.00108(A/100)*®.SAAR SOIL?*" (IH Report 124 Equation
Rural catchment mean annual peak flow for site for 100yrs QBAR(rural)100 I/'s 1.9 7.1)
Qearrura * (1 + URBAN)?NC[1 + URBAN {(21/CIND) - 0.3}]
Urban catchment mean annual peak flow for site for 100yrs | Qgarurban)100 IIs 10.1 from IH124 Equation 7.4
TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs Ils 10.8
TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs I/slha 56
TOTAL Impermeable + Permeable for 100 yrs + 30% climate change Ils 13.98
TOTAL Impermeable + Permeable for 100 yrs + 30% climate change I/slha 8.63
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Developed North Quay Power Station Rate of Runoff (unattenuated)

Proposed Runoff Calculations Permeable Area | Impermeable Area Guidance Notes
DEFRA/EA: Flood and Coastal Defence R&D Programme:
Planning Application Area 7.70 ha 4.54 3.15 Preliminary rainfall runoff management for developments:
R&D technical Report W5-074A/TR1 Revision B (2004)
Name Symbol Unit Value
0/ 0,
59% 41% Percentage of site that will be permeable and impermeable
Hydrological Region R G B 1 to 10 (Appendix 1, Fig. 1.1)
SOIL type S 0 a0y Wallingford Procedure: Volume 3: WRAP map
454 3.15 Gross catchment excluding large parkland areas being
Catchment size A ha i . allocated as public open space. If greater than 200 ha use
50 50 Excluding public open space. If 50 ha or less, use 50 ha in
Area A ha formula and factor by the ratio of the site area to 50 ha.
Annual rainfall SAAR mm WS S FEH Descriptors
] - 15.00% 15.00% CIBIA/HR V\{allingford:l Drainage of development sites A )
Soil runoff coefficient SPR guide: X108: Table E1:SPR value for SOIL (runoff coefficient)
Catchment mean annual peak flow for 50 ha Qsar (s0ha) IIs 32.56 32.56 0.00108(A/100)*%®.SAAR . SPR*Y
Catchment mean annual peak flow for site QBAR (site) IIs 2.96 2.05
Mean annual peak flow per unit area Qgaria lis/ha 0.65 0.65
Growth curve 100 year GCioo 2.40 2.40 Appendix 1, Fig. 1.2
100 year peak discharge per unit area Q100 l/siha 1.56 1.56 Qgar/a X GCioo
Allowable discharge rate Qallow IIs 7.10 4.93 IMP X Q100
TOTAL /s 12.03
Partially urban catchment Qgarqurban) fOr impermeable area only (in accordance with Wallingford Procedure)
Name Symbol Unit Value Comment
Institute of Hydrology (1994) Report No. 124 Flood Estimation
for small catchments
= *! -
Catchment index CIND 15.08 CIND = 1024*SOIL + 0.28 (CWI - 125)
Catchment wetness index Ccwi 124.00 FSR. 1, Fig 6.62
Urban fraction URBAN 1.00 Urban Value 1.0 (maximum)
NC = 0.92 - 0.00024 SAAR (for 500 < SAAR < 1100 mm) or
Rainfall continentality factor NC 0.67 NC = 0.74 - 0.000082 SAAR (for 1100 < SAAR < 3000 mm)
0.00108(A/100)*®.SAAR SOIL?*" (IH Report 124 Equation
Rural catchment mean annual peak flow for site for 100yrs QsAR(rura)100 IIs 4.9 7.1)
Qearrura * (1 + URBAN)?NC[1 + URBAN {(21/CIND) - 0.3}]
Urban catchment mean annual peak flow for site for 100yrs | Qgarurban)100 IIs 26.0 from IH124 Equation 7.4
TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs Ils S84
TOTAL Impermeable (Urban) + Permeable (Rural) for 100 yrs I/slha A3
TOTAL Impermeable + Permeable for 100 yrs + 30% climate change Ils 43.07
TOTAL Impermeable + Permeable for 100 yrs + 30% climate change I/slha 5.60
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