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EXECUTIVE SUMMARY

In September 2006, JBA Consulting was commissioned by Plymouth City Council to undertake a
Strategic Flood Risk Assessment (SFRA). This SFRA has been produced in consultation with the
Environment Agency using data primarily obtained from existing sources. The purpose of the
SFRA is to assist in informing decisions regarding the future allocation of development sites by
providing information on the nature of flood risk in Plymouth. The SFRA has been prepared in
accordance with current best practice and Planning Policy Statement 25 (PPS25) – Planning and
Flood Risk.
A SFRA gives planners more information than the current Environment Agency so that they can
better match the flood vulnerability of a development to the likelihood of it flooding. The data held
within an SFRA can assist planners to better balance risks against the need for development. The
SFRA does not provide a means for justifying an inappropriate development. Development of
lower risk sites should normally be the preferred option. However, with suitable mitigation,
essential development within high-risk areas is permissible and the SFRA is designed to help
inform decision makers in these circumstances.
The SFRA will form a key component of Plymouth CC’s Strategic Environmental Assessment
(SEA) as required for the production of their Local Development Framework (LDF). In turn the SEA
will be used to inform the Council’s Sustainability Appraisal (SA) and subsequently selection of
land allocations. It is noted that until the adoption of these frameworks the SFRA has a useful
purpose in supporting current development control activities. The broader debate relating to the
balanced management of flood risk will be dealt with in the SA.
However,PPS25 contains some challenging policy aims that removes the presumption of
continued reliance on current flood risk management measures and states that, in the exercising
of the forward spatial plan, both existing and new development should be considered for long
term relocation in areas where the actual and residual risks will grow with climate change. In
those circumsatances, an alternative and sequential preferable approach of avoidance should be
chosen. This will be informed by the Catchment Flood Management Plan in due course.
In addition to this hierarchy of flood risk assessments, PPS25 will also outline a hierarchy of flood
risk management measures by which to implement FRAs at all the different levels. These are
undertaken as part of the sequential and exception tests. These management measures are
included in the draft companion user guide for PPS25:
Avoid/Prevent - Prevent inappropriate development using the suite of FRAs at different planning
levels
Substitute - Swap more vulnerable development types with alternatives more compatible with
periodic flooding
Control - Implement measures to reduce flood frequency
Mitigate - Implement measures to mitigate residual risks
This hierarchy runs in tandem with the hierarchy of FRAs and, as such, the higher level measures
will generally be enacted by RPA’s in Spatial Planning or by LPA’s in Local Development
Documents. Mitigation is the last approach to be considered, but historically has been the first.
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Frameworks for Managing Development and Flood Risk
It is recommended that unified policies on flood risk and surface water runoff are included in
Plymouth City Council’s LDDs. The following sections provide some greater detail to be applied
in conjunction with the generic policy direction provided in PPS25. This reflects the local issues
and your approach to balancing flood risk and regeneration issues in particular.
A key objective of the SFRA is to support the precautionary approach and inform the application
of the Sequential Test, first placing new development in areas not subject to flood risk. The
approach is risk–based, the emphasis is on avoiding flood risk in the first instance, then aiming to
minimise the risk by consideration of probability and consequence. Assessment of flood risk
involves both the statistical probability of a flood occurring and the scale of potential
consequences. New and existing allocations, as well as areas identified as being subject to
development pressure, will be reviewed with respect to the risk of flooding posed to and/or by the
development of that particular site. This will provide guidance to the Council as to the most
effective means of minimising and managing identified risks, where for wider sustainable
development reasons, development cannot be avoided. To provide the foundation for this review
process, an over-arching ‘strategy’ has been developed within each of the nominated flood risk
zones (defined in accordance with PPS25). This strategy is described below:
Framework for the Effective Management of Development within PPS25 Zone 1
A Flood Risk Assessment will not usually be required for development in Flood Zone 1, unless the
development is greater than 1 ha in size.
Minor developments that have been demonstrated to fall outside of current known flood risk
areas, and do not pose a potential risk to areas currently susceptible to flooding, can be
developed without further consideration of strategic flood risk issues1.
However, in those situations where a known flooding problem has been identified downstream or
in cases of major development, stringent controls will be required, taking into account strategic
run-off and drainage issues, to ensure that the proposed development does not result in a
worsening of existing flooding conditions.
Framework for the Effective Management of Development within PPS25 Low to Medium
Risk Zone 2
Proposed development areas that fall within Zone 2 have been considered generally suitable for
development purposes. However, alternative sites should be sought for essential infrastructure.
Where these sites are implemented, floor levels should be situated above the 0.5% peak flood
level with sufficient freeboard to account for inherent uncertainties with respect to flood level
prediction and potential climate change scenarios. To this end, a site-based Flood Risk
Assessment should be undertaken at the planning application stage to assist in defining the
boundaries of the 0.5% tidal flood envelope.
In situations where a known flooding problem has been identified downstream, stringent controls
will be required to ensure that the proposed site development does not result in a worsening of
existing flooding conditions through discharge of surface watersK=
Framework for the Effective Management of Development within PPS25 High Risk Zone 3
PPS25 Zone 3 has been delineated on the basis of the Environment Agency’s Zone 3 Flood Zone
Map. The following strategic overview has been taken with respect to PPS25 High Risk Zone 3:

It is emphasised that this does not preclude the need to demonstrate that all local drainage requirements are explicitly
and adequately addressed.
8
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Zone 3b – Functional Floodplain
It is considered inappropriate and unsustainable to retain allocations that fall wholly or partially
within the functional floodplain. Development within the functional floodplain should be limited to
essential transport and utilities infrastructure which has to be there. Development should be
designed and constructed to remain operational even at times of flood, result in no net loss of
floodplain storage, not impede water flow and not increase flood risk elsewhere.
Zone 3a – High Probability
Proposed development areas within Zone 3a are considered to fall within a high risk Flood Zone;
however this is not seen as an embargo against appropriate development. The decision must be
considered carefully using increasingly more detailed information on flood risk against a locallyspecific application of the Sequential Test. Justification is essential but this is not included within
the SFRA. The subsidiary test in PPS25 is to ensure that an adequate management of the risks
are provided, with preference given to those areas to where flood management measures are
robust, already provided and will be maintained for the lifetime of the development. Building
within defended areas requires an appreciation of the risk to life should the defences fail, and
therefore knowledge of the condition of the defences and topography of the risk area is required.
Whilst the basic level of protection afforded to residential and commercial development should
aim to be the same, (i.e. the 0.5% (1 in 200 year) tidal flood event as previously set out in table D1
of PPS 25) it is clear that approaches to how residual risk is managed may differ between these
two types of developments. For residential development residual risk is a societal issue, for which
a presumption of avoidance and removal is appropriate. Hence a significant freeboard should be
incorporated into housing development floor levels, whereas for a commercial property the
developer/end user and insurer can assess and transfer this residual risk as appropriate.
Within Zone 3a undefended areas or those with a low overtopping threshold below the indicative
standard, floor levels for housing developments should be situated above the 0.5% (1 in 200 year)
peak tidal flood level (or peak breach level where relevant), with sufficient freeboard to account for
uncertainties in flood level prediction and climate change. Safe access routes (dry where
practicable) should be maintained in the event of a 0.5% (1 in 200) year tidal flood.
Within areas well defended to a 1 in 200 year standard, consideration of the residual risks
associated with defence failure are required. The combination of probability of the 0.5% event
and the failure of a competent defence is towards the top end of the risk continuum. A minimum
floor level could be set to the maximum breach level for a 0.5% event less 300 mm, or 600 mm
above natural surface level, whichever is the greater. The presumption is that under extreme
events the prime issue is to limit the potential for loss of life in these heavily defended areas.
Hence limited depths of flooding are permissible, although this should not be misconstrued with
an acceptable level of flooding. The breach level should be calculated with regard to the effect of
climate change on river level.
Employment developments should provide a similar standard of flood protection to housing
developments. In exceptional circumstances, where there is significant planning justification for
development and the provision of an equivalent standard of defence (inclusive of a freeboard
allowance) is not feasible, a greater residual flood risk may be permitted in employment areas,
depending on the vulnerability of the end use. The focus would be on providing safety to
occupants, flood proofing and designing buildings to minimise flood damage. The site specific
FRA should provide sufficient information to allow consideration of the acceptability of residual
risk in each case.
In both defended and undefended areas developers should demonstrate that the development
will not adversely impact upon flood/breach levels upstream and downstream of the development
site. The FRA will be required to define the 0.5% flood risk, and to assess the impacts of the
proposed development upon upstream and downstream flood/breach levels.
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The Environment Agency would expect individual site specific FRAs to use the recommendations
for minimum floor levels provided in the SFRA as a first step followed by the identification and
justification of other floor levels, where appropriate.
Framework for the Effective Management of Development within Sites Subject to Known
Surface Water and/or Flooding Issues Downstream
Proposed development areas that are situated upstream of an area that is known to be
susceptible to localised flooding (e.g. as a result of problematic surface water drainage) must be
managed effectively to ensure that the impact upon downstream properties is fully mitigated.
Wherever possible, this should be achieved through the implementation of a sustainable drainage
or flow retention system, constructed within the boundaries of the development site.
The effectiveness of a flow management scheme within the context of a single site is heavily
limited by site constraints including (but not limited to) topography, geology (soil permeability),
and available area. The design, construction and ongoing maintenance regime of such a scheme
must be very carefully defined, and a clear and comprehensive understanding of the catchment
hydrological processes (i.e. nature and capacity of the existing drainage system) is essential.
Where a number of propsed development areas are proposed within such a sensitive area
consideration should be given to an Integrated Water Management approach, as noted in Defra’s
2.
document “Making Space for Water: First Government Response, 2005”
Guidance for Development Control: FRA
This SFRA does not preclude the need for site specific FRAs. Site specific FRAs will be required
for all development within Zones 2 and 3 and for all development within catchments where there
are known local drainage issues downstream (including catchments of Critical Ordinary
Watercourses (COWs)). These would require a detailed assessment of the receiving catchment’s
hydrological regime. A comprehensive FRA will also be required for all developments greater than
1 ha in size in Zone 1, due to their potential impact on the local and downstream hydrological
regime. It is the responsibility of the applicant to provide a Flood Risk Assessment for all relevant
applications.
The detail included within the FRA should follow the Flood Response Matrix included in the
current standing advice from the Environment Agency (see www.pipernetworking.com), the
guidance provided by the CIRIA Report C624 (Development and flood risk – guidance for the
construction industry) and the guidance provided in this SFRA in Section 11).
An additional key output of a SFRA is to provide a framework that will allow a consistent
approach to individual Flood Risk Assessments, based upon current policy. To this end, the
SFRA provides guidance on the scale and extent of a site based FRA, and where applicable
serves to provide information on flood risk both to support an application and to identify the
implications of certain mitigation measures.
How to use the SFRA
The SFRA is a reference tool that will be used to provide information to assess the sustainability
of new allocations and sites that arise that are not currently allocated. The SFRA assesses the
flood risk across the study area allowing the Sequential Test to be undertaken. Within defended
floodplains individual proposed development areas have the potential to alter the risks
significantly, leading to significant residual risks. Floodplains provide storage and attenuation for
the river system. Any major changes to the floodplain must therefore consider the impact to the
river system as a whole.

2
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The SFRA guides the LPA through the Sequential and Exception Test processes and provides
information to allow LPAs to carry out the tests and reduce the level of flood risk in their area and
beyond. This SFRA should be used in conjunction with the Environment Agency’s flood risk
standing advice issued to the LPAs in making decisions on individual planning applications.
SFRAs can be used at all stages of the planning process and the following diagram demonstrates
how the SFRA can be used in support of forward planning and development control activities.
The SFRA process will simplify and reduce time spent in assessing and discussing sites with the
Environment Agency. If proposed development areas are informed by this SFRA, then no further
testing is required and the FRA should proceed. If the potential development is on a site that has
been allocated previously, prior to the SFRA, then it is possible that sequential and exception
testing may apply. This demonstrates the benefits of undertaking the SFRA.
Therefore, when seeking planning permission for individual developments on the sites allocated in
development plans through the application of the Sequential Test (informed by the SFRA),
developers need not apply the Sequential Test (as the sites will already have been tested in the
SFRA), but should apply the sequential approach to locating development within the site.
Where the SFRA shows that potential development sites will not pass the Sequential Test, the
LPA can opt to remove the site from the flood risk zone or, if the area when developed is thought
to provide wider benefits to the community that could potentially outweigh flood risk, use the
SFRA to identify where a FRA is needed to demonstrate the site is safe for users in times of flood.
East End Review
The assessment of the development zones in the East End for flood risk has identified a number
of zones that are at risk of tidal flooding and that this risk will increase in future as a consequence
of the current predictions for a rise in sea level due to climate change. Also, there are clearly
potential routes by which additional flood water can reach the East End from the north east via
Embankment Road and the railway, which will require further consideration.
In some
development zones the currently proposed development type would not be permitted in Flood
Zone 3 areas due to its vulnerability classification as part of the Sequential Test and should be
moved to areas with a lower risk of flooding. The application of the Exception Test to a number of
the proposed non-water compatible development types in Flood Zones 2 and 3 would require
specific flood risk assessments to be undertaken, which would determine the feasibility of
appropriate mitigation measures and include a full consideration of the residual risks (i.e. flood
resilience and resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
The City of Plymouth LDF currently proposes to build a new strategic transport route from the
north western end of Laira Bridge northwards to join Embankment Road somewhere to the north
east of Stanley Place. If this new road and associated embankment was designed to a full flood
defence specification with a long-term maintenance regime, taking account of predicted climate
change effects, then it would serve to alleviate the current tidal flood risk in the development
zones within this part of the East End. However, the potential entry of flood water into the East
End from sources further to the north east along Embankment Road and the railway line, as
indicated by the additional modelling undertaken, would also require consideration as part of this
proposed infrastructure development. The management of the flood risk behind this type of tidal
defence would be made more sustainable if the proposed development also implemented SuDS
principles to mitigate against the potentially increased surface runoff and the safe storage of this
excess water volume during periods of extreme tidal flood conditions when gravity drainage into
the estuary under would not be possible.
Sutton Harbour Review
The assessment of the development zones in the Sutton Harbour area for flood risk has identified
a number of zones that are at risk of tidal flooding and that this risk will increase in future as a
consequence of the current predictions for a rise in sea level due to climate change. The
modelling of a worst case scenario 20m breach at the tidal lock gates for predicted in future sea
JBA Consulting
ïïïKàÄ~ÅçåëìäíáåÖKÅçKìâ=
N:\2006\Projects\2006s2015 - Plymouth City Council - Level 2 SFRA for Millbay and Stonehouse, Plymouth\Reports\Project reports\Full report with
PPS25\Digital deliverables (Jan 08)\2006s2015 Plymouth Level 2 SFRA Final Report v19 (8 Jan 08).doc: 15/01/2008

vii

Plymouth City Council
Plymouth Level 2 Strategic Flood Risk Assessment
Final Report

levels indicated that the actual extent of the flood did not change significantly in most areas, but
that the depth of flooding in the immediate quayside area did increase quite significantly. This
finding should be used to guide what type of development, if any, is appropriate in these more
vulnerable locations.
The application of the Exception Test to a number of the proposed non-water compatible
development types in Flood Zones 2 and 3 would require specific flood risk assessments to be
undertaken, which would determine the feasibility of appropriate mitigation measures and include
a full consideration of the residual risks (i.e. flood resilience and resistance, flood warning and
evacuation/emergency service arrangements, storage of excess surface water).
Millbay Review
The assessment of the development zones in the Millbay for flood risk has identified a number of
zones that are at risk of tidal flooding and that this risk will increase in future as a consequence of
the current predictions for a rise in sea level due to climate change. In some zones the currently
proposed development type would not be permitted in Flood Zone 3 areas due to its vulnerability
classification as part of the Sequential Test and should be moved to areas with a lower probability
of flooding. The application of the Exception Test to a number of the proposed non-water
compatible development types in Flood Zones 2 and 3 would require specific flood risk
assessments to be undertaken, which would determine the feasibility of appropriate mitigation
measures and include a full consideration of the residual risks (i.e. flood resilience and resistance,
flood warning and evacuation/emergency service arrangements, storage of excess surface water).
An existing planning application for the Millbay area, commissioned by English Cities and English
Partnerships, proposes to raise the level of Millbay Road in the vicinity of Martin Street and Bath
Street to a level above the predicted 200 year (0.5% AEP) tidal flood event for the year 2110. If
this new road level was appropriately designed with a long-term maintenance regime, taking
account of predicted climate change effects, then it would serve to greatly alleviate the current
tidal flood risk in the more vulnerable development zones north east of the Millbay harbour. The
management of the flood risk north east of Millbay Road would be made more sustainable if the
proposed development also implemented SuDS principles to mitigate against the potentially
increased surface runoff and the safe storage of this excess water volume during periods of
extreme tidal flood conditions when gravity drainage into the harbour or direct into Plymouth
Sound under gravity would not be possible.
North Plymstock High Quality Public Transport Route
The route of the High Quality Public Transport (HQPT) development in the North Plymstock area is
proposed along the Billacombe Road, through a quarry site and over land currently occupied by
playing fields and farmland. The route of the HQPT as shown in the local development framework
document is considered to be the only one possible to connect the existing and proposed
developments on the eastern side of Plymouth with the city centre by crossing the River Plym at
Laira Bridge. The Environment Agency Flood Risk Maps are considered to be incorrect over the
culverted length of the Billacombe Brook in this area. Calculations based on LiDAR ground level
data and a flow estimate undertaken using Flood Estimation Handbook methods show that the
Billacombe Road will not flood at a 1 in 100-year return period flood and as such the road is
considered to be in Flood Zone 1 or 2. The route of the HQPT as currently identified by the local
development framework document is therefore considered to be acceptable in terms of flood risk.
However, a detailed hydraulic model study of the Billacombe Brook should be carried out at later
stage to identify the detailed flood risk from Billacombe Brook. Also, the effect of surface water
discharge from the new lengths of the HQPT not on existing roads will require assessment at the
detailed design stage and this should include surface water balancing and SuDS.
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GLOSSARY

Actual Risk

Catchment Flood
Management Plan

The risk posed to development situated within a
defended area (i.e. behind defences), expressed in
terms of the probability that the defence will be
overtopped, and/or the probability that the defence will
suffer a structural failure, and the consequence should
a failure occur
CFMP

Compensatory Storage

A strategic planning tool through which the
Environment Agency (EA) will seek to work with other
key decision-makers within a river catchment to
identify and agree policies for sustainable flood risk
management
A floodplain (flood storage) area introduced to
compensate for the loss of storage as a result of filling
for development purposes

Critical Ordinary
Watercourse

COW

A watercourse that is known to have caused flooding
or is perceived to pose a flood risk. Defra defines a
COW as a watercourse that is not classified as “main
river” but which the EA and other operating authorities
agree is critical because it has the potential to put at
risk flooding large numbers of people and property.
Note: The Environment Agency have now enmained all
COWs.

Combined Sewer
Overflow

CSO

A structure that permits the controlled release of water
from the combined underground foul and surface water
drainage system when the pipe capacity is exceeded

Controlled (Regulated)
Washland

A flood storage area that is filled and drained in a
controlled manner during a flood event

Defended Area

An area offered a degree of protection against flooding
through the presence of a flood defence

DG5 register

DG5

Extreme Flood Outline

EFO

Flood Risk Management

Flood ‘zone’ maps released by the EA in June 2004
depict anticipated 0.1% (1 in 1000 year) flood extents
in a consistent manner throughout the UK
The introduction of mitigation measures (or options) to
reduce the risk posed to property and life as a result of
flooding. It is not just the application of physical flood
defence measures

Formal Defence
Flood Estimation
Handbook

Register held by water companies on the location of
properties at risk of sewage related flooding problems

A flood defence asset that is maintained by the EA
FEH

Provides current methodologies for estimation of flood
flows for the UK
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Floodplain

Flood Risk Assessment

Any area of land over which water flows or is stored
during a flood event or would flow but for the presence
of defences
FRA

Flood Risk Vulnerability
Classification
Fluvial Flooding

Refer to Appendix A for definitions
Flooding caused by the overtopping of river or stream
banks

Freeboard

Indicative Floodplain Map

A detailed site-based investigation that is undertaken
by the developer at planning application stage

A ‘safety margin’ to account for residual uncertainties
in water level prediction and/or structural performance,
expressed in mm
IFM

A depiction of the estimated 1% (1 in 100 year) flood
extent, derived as a compilation of historical flooding,
empirical estimates (IH130) and/or detailed flood
modelling assuming “no flood defences”

Informal Defence

A structure that provides a flood defence function,
however is not owned nor maintained by the EA

IH130

The methodology adopted in the initial empirical
estimation of the 1% (1 in 100 year) flood extent,
informing the earliest version Indicative Floodplain Map

Main River

A watercourse designated by Defra, that is regulated
and maintained by the EA using their permissive
powers

Measure

A deliverable solution that will assist in the effective
management (reduction) of risk to property and life as a
result of flooding, e.g. flood storage, raised defence,
effective development control and preparedness, and
flood warning

Mitigation

The management (reduction) of flood risk

Option

Refer ‘measure’

PAG2

Project Appraisal Guidance (PAG) 2 (Strategic
Planning) outlines the Defra requirements against
which the EA must demonstrate that they are
managing flood risk in a strategic (catchment wide)
manner

Probability

A measure of the chance that an event will occur. The
probability of an event is typically defined as the
relative frequency of occurrence of that event, out of all
possible events. Probability can be expressed as a
fraction, % or a decimal. For example, the probability
of obtaining a six with a shake of a fair dice is 1/6, 16%
or 0.166. Probability is often expressed with reference
to a time period, for example, annual exceedance
probability (AEP).

Rapid Inundation Zone

An area immediately behind defences which, should
they fail, will generate a combination of high velocities
and flood depths that would cause a risk to life.
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Residual Risk

The risk that inherently remains after implementation of
a mitigation measure (option)

Return Period

The expected (mean) time (usually in years) between
the exceedance of a particular extreme threshold.
Return period is traditionally used to express the
frequency of occurrence of an event, although it is
often misunderstood as being a probability of
occurrence.

Risk

The threat to property and life as a result of flooding,
expressed as a function of probability (that an event
will occur) and consequence (as a result of the event
occurring)

Section 105 Maps

S105

The programme through which the EA have (to date)
reviewed the 1% AEP (1 in 100 year) flooding extents
through detailed flood modelling throughout the UK as
part of their duties under Section 105 of the Water
Resources Act 1991

Sequential Flood Risk
Test

SFRT

The assessment and ‘categorisation’ of flood risk on a
catchment-wide basis

Scheme

An engineering solution that will assist in the
management (reduction) of risk to property and life as a
result of flooding

Shoreline Management
Plan

SMP

Non Statutory plan to provide sustainable coastal
defence policies.
They are prepared by Coastal
Defence Groups

Standard of Protection

SoP

The return period to which properties are protected
against flooding

Strategic Flood Risk
Assessment

SFRA

The assessment of flood risk on a catchment-wide
basis for proposed development in a District

Strategic Flood Risk
Management

SFRM

Considers the management of flood risk on a
catchment-wide basis, the primary objective being to
ensure that the recommended flood risk management
‘measures’ are sustainable and cost effective

Sustainable Drainage
System

SuDS

Current ‘best practice’ for new urban development that
seeks to minimise the impact upon the localised
drainage regime, e.g. through the use of pervious areas
within a development to reduce the quantity of runoff
from the site

Tidal Flooding

Flooding caused as a result of tidal activity (e.g. tides,
tidal storm surges, extreme waves)

Uncertainty

A reflection of the (lack of) accuracy or confidence that
is considered attributable to a predicted water level or
flood extent

Uncontrolled Washland

A flood storage area that fills and drains ‘naturally’ (i.e.
without manual interference) during a flooding event

Washland

A flood storage area that is bounded by raised
embankments to contain floodwaters
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1

INTRODUCTION

Read this section if:
You want an overview of the SFRA process and an introduction to the catchment covered.
1.1

Overview
In September 2006 JBA Consulting was commissioned by Plymouth City Council, in
partnership with Environment Agency, to undertake the Plymouth Level 2 Strategic Flood
Risk Assessment (SFRA) for specific areas within the City of Plymouth. The Level 2 SFRA
follows on from an earlier Level 1 SFRA undertaken by Pell Frischmann in 2006 which
covered the whole of the City of Plymouth and identified the key areas that were selected
for the Level 2 SFRA.
This SFRA has been prepared in accordance with current best practice, Planning Policy
Statement 25 aÉîÉäçéãÉåí=~åÇ=cäççÇ=oáëâ (PPS25)3. The SFRA will assist the Council to
make the spatial planning decisions required to inform the Local Development Framework
(LDF).
The SFRA is a planning tool that enables Councils to select and develop sustainable
allocations away from flood risk areas. The assessment focuses on proposed and existing
allocations within the districts but also sets out the procedure to be followed when
assessing additional sites for development in the future.

1.2

Study Objectives
Current policy requires local authorities to demonstrate that due regard has been given to
the issue of flood risk as part of the planning process. It also requires that flood risk is
managed in an effective and sustainable manner. To this end, the key objectives of the
Plymouth Level 2 SFRA are:
To investigate and identify the extent and severity of flood risk to the area. This
assessment will enable the Councils to steer development away from those
areas that are at highest risk, ensuring that areas allocated for development can
be developed in a safe, cost effective and sustainable manner.
To supplement current policy guidelines and to provide a straightforward risk-based
approach to development control in the local area. This is aimed at both
Councils and developers.
To contribute to the Council’s Strategic Environmental Assessment (SEA) and LDF.
The SEA will be used to inform the Council’s Sustainability Appraisal (SA), which
will aid the selection of suitable land allocations.

3

Communities and Local Government. 2006. mä~ååáåÖ=mçäáÅó=pí~íÉãÉåí=ORW=aÉîÉäçéãÉåí=~åÇ=cäççÇ=oáëâ. December 2006.
http://www.communities.gov.uk/pub/955/PlanningPolicyStatement25DevelopmentandFloodRisk_id1504955.pdf
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1.3

Study Area
Plymouth has undergone a radical change in its economic direction over the previous
decades, with the economy no longer being dominated by the defence industry. At
present the city has a high-order retail centre and a growing University and remains a
centre for employment, serving a significant area of the South West.
Plymouth has a population of 244,000, and the Draft Regional Spatial Strategy (RSS) for
the South West describes the aim to deliver balanced growth. A housing provision for
1575 dwellings per annum will be allocated up to 2026, with a total of 24,500 dwellings
within Plymouth and 5,500 at Sherford New Community, which is envisaged as a Strategic
Urban Extension for Plymouth. Over this period, 150ha of employment land is to be
provided, both in and adjoining the Plymouth urban area.
The overall aim stated in the Draft RSS is to provide a high-quality intensification of
housing and employment for Plymouth, in accordance with the Mackay Vision, with
emphasis on the re-use of previously developed land and buildings.
This Level 2 SFRA comprises the planned development allocations in three areas of
Plymouth, namely – the East End, Sutton Harbour and Millbay (Figure 1-1).
Figure 1-1 Plymouth - East End, Sutton Harbour and Millbay development areas

JBA Consulting
ïïïKàÄ~ÅçåëìäíáåÖKÅçKìâ=
N:\2006\Projects\2006s2015 - Plymouth City Council - Level 2 SFRA for Millbay and Stonehouse, Plymouth\Reports\Project reports\Full report with
PPS25\Digital deliverables (Jan 08)\2006s2015 Plymouth Level 2 SFRA Final Report v19 (8 Jan 08).doc: 15/01/2008

2

Plymouth City Council
Plymouth Level 2 Strategic Flood Risk Assessment
Final Report

2

THE PLANNING FRAMEWORK

Read this section if:
You want an overview of the current planning frameworks and how flood risk policy
guidance should be used. Good introduction to PPS25 and current thinking on how flood
risk should influence the allocation for development.
It also reviews current flood risk policies for each LPA.
2.1

Introduction
Flood risk is only one of many factors that influence land-use decisions and the SFRA is
designed to assist planners in considering flood risk. The entire planning process is
informed by planning legislation/guidance generated at all levels of government. The use
of the SFRA ensures that flood risk at a local level is assessed with regard to policy
documents, guidance notes and legislation issued at regional and national scales. A
summary of the principal Acts, guidance, strategies and plans of relevance to the
Plymouth Level 2 SFRA is given in Table 2-1 below.
Table 2-1. Reviewed National and Regional Strategies and Plans for the Plymouth area
Strategy, Plan

Abbreviation

Planning and Compulsory Purchase
Act

Published by

Period Covered /
Date Published

HM Government

2004

Planning Policy Statement 1
Delivering Sustainable Development

PPS1

Communities and Local
Government Office

2005

Planning Policy Statement 12 Local
Development Frameworks

PPS12

Communities and Local
Government Office

2004

Planning Policy Statement 25
Development and Flood Risk

PPS25

Communities and Local
Government Office

2006

Planning Policy Statement 3 Housing

PPS3

Communities and Local
Government Office

2006

Planning Policy Guidance 4 Industrial
and Commercial Development and
Small Firms

PPG4

Communities and Local
Government Office

1992

Planning Policy Statement 6
Planning for Town Centres

PPS6

Communities and Local
Government Office

2005

Making Space for Water –
Government strategy for flood and
coastal erosion risk management

Defra MSW

Defra

March 2005

Regional Planning Guidance for the
South West (RPG10)

RPG10

Communities and Local
Government Office

2001

Regional Spatial Strategy for the
South West (RSS10)

RSS10

Communities and Local
Government Office

2006

Devon County Council,
Plymouth City Council, Torbay
Council, and Dartmoor National
Park Authority.

2004

Devon Structure Plan
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Strategy, Plan

Abbreviation

Lyme Bay and South Devon
Shoreline Management Plan

Published by
Lyme Bay and South Devon
Coastline Group

Period Covered /
Date Published
1998

River Tamar Catchment Flood
Management Plan (Draft
Consultation Scoping Report)

Tamar CFMP

Environment Agency

Environment Agency Corporate Strategy –
Making it Happen

EA MIH

Environment Agency

2002-2007

Environment Agency

2006-2011

Environment Agency

2000, 2003

EA SW Region Strategy – Creating a
Better Place: Local Contributions
Water Framework Directive

2.2

WFD

National Planning Policy
2.2.1

Planning and Compulsory Purchasing Act

The SFRA has been undertaken whilst planning authorities have been implementing the
provisions of the Planning and Compulsory Purchase Act 2004, together with the
accompanying planning guidance, including Planning Policy Statement 1 aÉäáîÉêáåÖ=
4
pìëí~áå~ÄäÉ= aÉîÉäçéãÉåí (PPS1) and Planning Policy Statement 12 içÅ~ä= aÉîÉäçéãÉåí=
5
cê~ãÉïçêâë (PPS12). The Act has affected all tiers of the planning system and has
necessitated major changes at regional and local level.
Planning Policy Guidance (PPG) has been reviewed by Government and was updated and
replaced by Planning Policy Statements in December 2006. Government has indicated
that PPGs will be replaced as and when considered necessary and in the light of their
policy and strategic significance.
At a District Council level, Local Plans are to be phased out and replaced by Local
Development Frameworks (LDF), which are a suite of planning documents that will guide
decisions on the development and use of land. Where Local Plans have been adopted
recently, or preparation is at an advanced stage, the process will continue to adoption
providing ‘saved policies’ for development control purposes. As the new Development
Plan Documents are adopted, they will replace parts of the Local Plan. However, where it
is proposed to cease work on the review of Local Plans and to commence work on LDFs,
only those local plan policies which form part of the Development Plan can be saved.
Local Planning Authorities (LPAs) were required to produce a Local Development Scheme
(LDS) by March 2005, setting out their programme for the production of the new
development plan and summarising the documents that will, collectively, make up the
Local Development Framework. Hence the transition provides an ideal opportunity for
each of the local authorities to review and update their policies on flood risk.
2.2.2

Planning Policy Statement 25 (PPS25): Development and Flood Risk

The introduction of PPS25 in December 2006 reinforced the responsibility of LPAs to
ensure that flood risk is understood and effectively managed using a risk-based approach
as an integral part of the planning process.
Development must facilitate the socio-economic needs of a community, and spatially must
sit within an existing framework of landscape and infrastructure. For this reason, a

4

ODPM. 2005. mä~ååáåÖ=mçäáÅó=pí~íÉãÉåí=NW=aÉäáîÉêáåÖ=pìëí~áå~ÄäÉ=aÉîÉäçéãÉåí.
http://www.odpm.gov.uk/pub/806/PlanningPolicyStatement1DeliveringSustainableDevelopmentPDF474Kb_id1143806.pdf
5
ODPM. 2004. mä~ååáåÖ=mçäáÅó=pí~íÉãÉåí=NOW==içÅ~ä=aÉîÉäçéãÉåí=cê~ãÉïçêâë.
http://www.communities.gov.uk/pub/848/PlanningPolicyStatement12LocalDevelopmentFrameworksid_1143848.pdf
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balance must be sought between development need and the risk posed to existing and
future development in an area. =
The role of the Environment Agency is to provide advice to LPAs to ensure the
management of flood risk in an effective manner as part of the planning process. To
facilitate the delivery of this role and to inform the planning process, LPAs are encouraged
to undertake a Sequential Test on their allocated/proposed development sites. This Test
is intended to provide a rigorous understanding of flood risk within their area, delineating
the extent and nature of flooding in accordance with the flood risk zones set out within
PPS25. This must consider the planning context and provide the framework for effective
and sustainable flood risk management within areas where a balance between
susceptibility-to-flooding and wider spatial planning pressures is required. The Sequential
Test should steer new development to areas at the lowest risk of flooding
Catchment boundaries often cover more than one planning district, therefore, it is
imperative that the planning process ensures that adopted policies are consistent with the
longer term vision for the wider catchment (as detailed in the Catchment Flood
Management Plan), and take adequate account of the impacts that the decisions made
may have upon adjoining districts.
PPS25 introduced the Exception Test which allows limited scope for departures from the
sequential approach where development is essential to meet the wider aims of sustainable
development. When the use of the Exception Test is required, decision makers should
apply it at the earliest stage in the preparation of all Local Development Documents
(LDDs). All three elements of the Exception Test need to be passed before development is
permitted.
PPS25 clarifies that the potential impacts of climate change should be addressed in Flood
Risk Assessments. It includes advice on current sources of information on climate change
including, Consultation- Planning Policy Statement Planning and Climate Change6
Supplement to Planning Policy Statement 1 ,to ensure that plans and planning decisions
are fully informed about climate change.
PPS25 also uses the coming into force of an amendment to Article 10 of the Town and
Country Planning (General Development Procedure) Order 2005 (or GDPO) to make the
Environment Agency a Statutory Consultee on all applications for development in flood
risk areas (except minor development), including those in areas with critical drainage
problems and for any development on land exceeding 1 hectare outside flood risk areas.
The Town and Country Planning (Flooding)(England) Direction 2007 also introduces the
requirement for LPAs to notify the Secretary of State where they are minded to approve a
planning application contrary to a sustained objection by the Environment Agency. PPS25
also introduces a partnership approach between Government and the Environment
Agency, to extend the involvement of the Environment Agency in planning applications.
2.2.3

Plymouth level 2 SFRA and PPS25

A consultation draft of PPS25 was issued by the Office of the Deputy Prime Minister
(ODPM) in December 2005. The final version was implemented in December 2006.
To ensure this SFRA complies with current guidance it has been undertaken in
accordance with the recently published PPS25. Although National Planning Policies
published before December 2006 refers to PPG25, they should now be read in conjunction
with the current guidance of PPS25.
6

Communities and Local Government. 2006. `çåëìäí~íáçåJK==mä~ååáåÖ=mçäáÅó=pí~íÉãÉåíW=mä~ååáåÖ=~åÇ=`äáã~íÉ=`Ü~åÖÉ=J=
pìééäÉãÉåí=íç=mä~ååáåÖ=mçäáÅó=pí~íÉãÉåí=N December 2006.
http://www.communities.gov.uk/pub/142/ConsultationPlanningPolicyStatementPlanningandClimateChangeSupplementtoPla
nning1_id1505142.pdf
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2.3

Regional Planning Policy
2.3.1

7

Lyme Bay and South Devon Shoreline Management Plan (SMP)

A SMP is a non-statutory document that offers guidance, at a strategic level, designed to
assist coastal defence decision making over a 50 year period for a particular length of
coast. The SMP aims to identify sustainable coastal defence strategic options, taking
account of the influences and needs of both the natural environment and the human and
built environment. SMPs strive to ensure that, as far as possible, their recommendations
are generally in accordance with the relevant planning policies.
The Lyme Bay and South Devon Shoreline Management Plan (SMP) was published by the
Lyme Bay and South Devon Coastline Group in 1998 and included coastal flood
management issues. However, being part of the first round of SMPs did not extend in any
real detail very far into the estuary areas. A review of this SMP is due in 2007 and the SMP
boundary is likely to be altered in order to consider in more detail the tidal flooding issues
within Plymouth Sound and the Tamar, Tavy and Plym estuaries.
Within the existing SMP, the Plymouth area falls within Coastal Process Unit 14 (CPU14) Wembury Point to Rame Head. CPU14 contains five management units (MU). The
management unit that includes the city of Plymouth is Management Unit 36 (MU36) –
Mount Batten Point to Cremyll. The preferred strategic option for this MU is to ‘selectively
hold the line’. This means hold the existing defence line at its present location along key
sections of the coast, though this need not be restricted to just building ‘hard’ defences
such as sea walls. The specific objectives of the unit are:
•
•
•
•
•
•
2.3.2

To protect Plymouth
To not impinge on navigational access in Plymouth Sound
To maintain bathing beach quality
To maintain and enhance the recreational and amenity values of the coastline
To protect the integrity of the nationally and internationally designated sites
To protect the nationally important archaeological sites, listed buildings at risk and
conservation areas
8

River Tamar Catchment Flood Management Plan (Tamar CFMP)

CFMPs are high-level planning tools that develop policies for the long-term management
of flood risk and involve:
• Strategic assessment of current and future flood risk from all sources (such as
rivers, sewers, groundwater, the sea) within the catchment and understanding both
the likelihood and impact of the risk and the effect of current measures to reduce
risk. The impact of floods can be broadly measured in economic, social and
environmental terms.
• Identifying opportunities and constraints within the catchment to reduce flood risk
through strategic changes or responses, such as changes in land use, land
management practices and/or the flood defence infrastructure.
• Identifying chances to work with nature through flood risk management to
maintain, restore or improve the total stock of natural and historic assets.
• Prioritising strategic studies, actions or projects to manage flood risk within the
catchment, and giving responsibility for actions to the Environment Agency, other

7

Lyme Bay and South Devon Shoreline Management Plan (1998). Posford Duvivier report to the Lyme Bay and South Devon
Coastline Group
8

River Tamar Catchment Flood Management Plan (Tamar CFMP): Draft Main Stage Report. (in press). Environment Agency
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operating authorities, local authorities, water companies or other key interested
groups.
2

The Tamar catchment (1,800km ) straddles the boundary between Cornwall and Devon. It
extends north-east of Bude down to Plymouth Sound and is bounded by Dartmoor to the
east and Bodmin Moor to the west. The catchment is mainly rural so it has a rich
environment, with many important environmental sites and a high quality river system. The
main urban centre is Plymouth and its surrounding communities – Plympton, Plymstock
and Saltash.
Primarily, the Tamar CFMP seeks to provide an overview of flood risk for the Tamar
catchment and to outline policies for sustainable flood risk management for the next 50100 years. These policies are designed to take into account the likely impacts of changes
in climate, the effects of land use and land management, bring real benefits and contribute
towards sustainable development. The CFMP objectives for the catchment covering flood
risk to people, the environment and the economy are:
•

Reduce the flood-related health risk to the population.

•

Manage the flood risk to the built environment.

•

Minimise disturbance to agricultural land.

•

Ensure natural river processes are not disturbed.

•

Protect and improve cultural heritage features where possible.

•

Protect and improve landscape character and visual amenity where possible.

•

Prevent pollution of the river and protect water quality.

•

Protect and improve the features and designated areas of nature conservation
interest.

•

Maintain and improve Biodiversity Action Plan (BAP) habitats and species in line
with targets.

•

Encourage changes in land use practice to minimise run-off.

•

Protect and improve recreation amenity facilities where possible.

The specific CFMP action plan items to manage flood risk in the Plymouth area are:

2.4

•

Review urban drainage at Plymouth and Plympton

•

Upgrade flood defences where necessary

•

Improve flood warning systems

•

Create wetlands if feasible

•

Review flow capacities at Plymouth, Plympton, Tamerton Foliot and Saltash

Local Plans Context
At a local level, the Planning and Compulsory Purchase Act of 2004 placed the
responsibility for production of Local Development Frameworks (LDF) upon District
Councils, Unitary Authorities and National Park Authorities. A LDF consists of a collection
of documents that together outline the spatial planning policy for the local area, and are
designed to be used alongside the RSS for the region to determine planning policy and its
application at a local level.
A Local Development Framework consists of a series of prescribed Development Plan
Documents (DPDs) that outline the key development goals. DPDs are expected to
undergo public consultation and independent examination and be in line with sustainability
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targets. DPDs will progressively replace any currently adopted Local Plans. Once
adopted the LDF will provide guidelines by which development control decisions are
made, unless material considerations indicate otherwise.
9:

The core documents that make up a LDF are described below

Core Strategy (Required). This is the strategic vision of the area, comprising:
 A vision; Strategic objectives; A spatial land use strategy;
 Core policies and; A monitoring and implementation framework.

The Core Strategy is a Development Plan Document which will determine
overall patterns of future development, identifying broad locations where future
growth or conservation will take place. All other Development Plan Documents
should be in broad conformity with the Core Strategy Document.
Allocations Development Plan Document (Required).
The Allocations
Development Plan Document is a high priority item for preparation, details of
which are provided in the Local Development Scheme. Prepared in conformity
with the Core Strategy, once approved, the Allocations Document will identify
sites for development as part of the delivery of the overall planning strategy for
the area.
Statement of Community Involvement (Required). The Statement of Community
Involvement (SCI) shows how and when planning authorities intend to consult
local communities and other stakeholders when preparing documents. A key
outcome of the SCI will be to encourage ‘front loading’ – meaning that
consultation begins at the earliest stages of each document’s development so
that communities are given the fullest opportunity to participate in plan making
and to make a difference. Every SCI must provide open access to information,
actively encourage the contribution of ideas and representations from the
community and provide regular and timely feedback on progress’;
Annual Monitoring Report (Required). This is a ‘report submitted to the
government by a local planning authority to assess the progress and the
effectiveness of a Local Development Framework. The Annual Monitoring
Report (AMR) will assess the following:
 ~êÉ= éçäáÅáÉë= ~ÅÜáÉîáåÖ= íÜÉáê= çÄàÉÅíáîÉë= ~åÇ= áë= ëìëí~áå~ÄäÉ= ÇÉîÉäçéãÉåí=
ÄÉáåÖ=ÇÉäáîÉêÉÇ\=
 Ü~îÉ=éçäáÅáÉë=Ü~Ç=áåíÉåÇÉÇ=ÅçåëÉèìÉåÅÉë\=
 ~êÉ=íÜÉ=~ëëìãéíáçåë=~åÇ=çÄàÉÅíáîÉë=ÄÉÜáåÇ=éçäáÅáÉë=ëíáää=êÉäÉî~åí\=
 ~êÉ=íÜÉ=í~êÖÉíë=ëÉí=áå=íÜÉ=iac=ÄÉáåÖ=~ÅÜáÉîÉÇ\=
The Annual Monitoring Report will include a range of local and standard (Core
Output) indicators. It should also highlight if any adjustments to the Local
Development Scheme are required’;
Local Development Scheme (Required). ‘The Local Development Scheme is a
public ‘project plan’ identifying which local development documents will be
produced, in what order and when. The Local Development Scheme acts as the
starting point for the community and stakeholders to find out about the
authority’s planning policies in respect to a particular place or issue, and what
the status of those policies are. It also outlines the details of and timetable for

9

http://www.planningportal.gov.uk/uploads/ldf/ldfguide.html
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the production of all documents that make up the Local Development
Framework over a three-year period. All local authorities submitted their Local
Development Schemes to the Secretary of State by the end of March 2005’;
Supplementary Planning Documents (Optional).
‘Supplementary Planning
Documents (SPDs) expand or add details to policies laid out in development
plan documents, or a saved policy in an existing development plan. These may
take the form of design guides, area development briefs, a master plan or issuebased documents. These documents can use illustrations, text and practical
examples to expand on how the authority’s policies can be taken forward. Local
authorities must involve the community in the preparation of SPDs. They are
also subject to a Sustainability Appraisal to ensure economic, environmental and
social effects of the plan are in line with sustainable development targets.
Local Development Orders and Simplified Planning Zones (Optional). ‘The
Local Development Framework may also contain Local Development Orders and
Simplified Planning Zones. A Local Development Order is made by a planning
authority in order to extend permitted rights for certain forms of development,
with regard to a relevant local development document. A Simplified Planning
Zone is an area in which a local planning authority wishes to stimulate
development and encourage investment. It operates by granting a specified
planning permission in the zone without the need for a formal application or the
payment of planning fees.
Plymouth City Council published their LDF (Core Strategy 2006-2021) in August 200610.
The purpose of Plymouth’s LDF is ‘íç= í~âÉ= ~= äçåÖ= íÉêã= îáÉï= ïÜáÅÜ= ëìééçêíë= mäóãçìíÜÛë=
íê~åëÑçêã~íáçå=áåíç=çåÉ=çÑ=bìêçéÉÛë=ÑáåÉëí=ï~íÉêÑêçåí=ÅáíáÉëI=ÅêÉ~íáåÖ= ~=ëìëí~áå~ÄäÉ=Åáíó=Ñçê=
íÜÉ=ÑìíìêÉ=ïÜÉêÉ=éÉçéäÉ=ÅÜççëÉ=íç=äáîÉ=ÄÉÅ~ìëÉ=çÑ=áíë=îáí~äáíó=~åÇ=èì~äáíó=çÑ=äáÑÉÛK
2.4.1

City of Plymouth LDF

Policy CS21 refers specifically to flood risk:
qÜÉ=`çìåÅáä=ïáää=ëìééçêí=ÇÉîÉäçéãÉåí=éêçéçë~äë=íÜ~í=~îçáÇ=~êÉ~ë=çÑ=ÅìêêÉåí=çê=ÑìíìêÉ=ÑäççÇ=
êáëâI= ~åÇ= ïÜáÅÜ= ÇçÉë= åçí= áåÅêÉ~ëÉ= íÜÉ= êáëâ= çÑ= ÑäççÇáåÖ= ÉäëÉïÜÉêÉK= = qÜáë= ïáää= áåîçäîÉ= ~= êáëâ=
Ä~ëÉÇ= ëÉèìÉåíá~ä= ~ééêç~ÅÜ= íç= ÇÉíÉêãáåáåÖ= íÜÉ= ëìáí~Äáäáíó= çÑ= ä~åÇ= Ñçê= ÇÉîÉäçéãÉåíK==
aÉîÉäçéãÉåí= áå= ÜáÖÜ= êáëâ= ÑäççÇ= ~êÉ~ë= ïáää= çåäó= ÄÉ= éÉêãáííÉÇ= ïÜÉêÉ= áí= ãÉÉíë= íÜÉ= ÑçääïáåÖ=
ÅêáíÉêá~W=
NK fí=Å~å=ÄÉ=ÇÉãçåëíê~íÉÇ=íÜ~í=íÜÉ=ÇÉîÉäçéãÉåí=éêçîáÇÉë=ïáÇÉê=ëìëí~áå~Äáäáíó=ÄÉåÉÑáíë=
íç=íÜÉ=Åçããìåáíó=íÜ~í=çìíïÉáÖÜ=ÑäççÇ=êáëâK=
OK qÜÉ=ÇÉîÉäçéãÉåí=ëÜçìäÇ=ÄÉ=çå=ÇÉîÉäçé~ÄäÉ=éêÉîáçìëäó=ÇÉîÉäçéÉÇ=ä~åÇX=áÑ=åçíI=íÜÉêÉ=
ãìÅí=ÄÉ=åç=êÉ~ëçå~ÄäÉ=ëáíÉë=çå=ÇÉîÉäçé~ÄäÉ=éêÉîáçìëäó=ÇÉîÉäçéÉÇ=ä~åÇK=
PK ^= cäççÇ= oáëâ= ^ëëÉëëãÉåí= Ü~ë= ÇÉãçåëíê~íÉÇ= íÜ~í= íÜÉ= ÇÉîÉäçéãÉåí= ïáää= ÄÉ= ë~ÑÉI=
ïáíÜçìí=áåÅêÉ~ëáåÖ=ÑäççÇ=êáëâ=ÉäëÉïÜÉêÉK=
få= ~ÇáíáçåI= ÇÉîÉäçéãÉåí= ïáää= ÄÉ= êÉèìáêÉÇ= íç= áåÅçêéçê~íÉ= pìëí~áå~ÄäÉ= aê~áå~ÖÉ= póëíÉãë=
EpìapF=~åÇ=ëáãáä~ê=ëçäìíáçåë=íç=~áÇ=ÄçíÜ=ê~éáÇ=ëìêÑ~ÅÉ=êìåçÑÑ=~åÇ=ëç~â=~ï~óK=
The LDF provides further commentary on flood risk in development areas:
‘qÜÉ= ã~àçêáíó= çÑ= ÇÉîÉäçéãÉåí= ~ääçÅ~íáçåë= áå= íÜÉ= iac= ïáää= ÄÉ= çìíëáÇÉ= ~êÉ~ë= çÑ= ãÉÇáìã= íç=
ÜáÖÜ=éêçÄ~Äáäáíó=çÑ=ÑäççÇáåÖK==eçïÉîÉêI=ëáÖåáÑáÅ~åí=ÅÜ~ääÉåÖÉë=Éñáëí=ïáíÜ=íÜÉ=åÉÉÇ=íç=ÇÉäáîÉê=
ëçÅá~ä=~åÇ=ÉÅçåçãáÅ=êÉÖÉåÉê~íáçå=áå=jáääÄ~óI=qÜÉ=`áíó=`ÉåíêÉ=~åÇ=íÜÉ=b~ëí=båÇI=Äìí=~äëç=íç=
êÉëéçåÇ= ~ééêçéêá~íÉäó= áå= íÜÉëÉ= ~êÉ~ë= íç= êáëâ= çÑ= ÑäççÇáåÖ= åçï= ~åÇ= çå= íÜÉ= ÑìíìêÉK= = táíÜçìí=
~ééêçéêá~íÉ=ãáíáÖ~íáçå=ãÉ~ëìêÉëI=ÑäççÇë=áå=íÜÉëÉ=~êÉ~ë=ÅçìäÇ=ÄÉ=Å~ìëÉÇ=ÇáêÉÅíäó=Äó=íáÇÉ=~åÇ=
10

City of Plymouth Core Strategy 2006-2021. Local Development Framework. Plymouth City Council.
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ï~îÉë= ~åÇLçê= áåÇáêÉÅíäó= Äó= ëÉ~= äÉîÉä= êáëÉ= êÉÇìÅáåÖ= íÜÉ= Å~é~Åáíó= çÑ= ëìêÑ~ÅÉ= ï~íÉê= Çê~áå~ÖÉ=
ëóëíÉãëK=
aÉîÉäçéãÉåí=ïáíÜáå=íÜÉëÉ=~êÉ~ë=ïáää=íÜÉêÉÑçêÉ=åÉÉÇ=íç=ÄÉ=áåÑçêãÉÇ=Äó=ÇÉí~áäÉÇ=cäççÇ=oáëâ=
^ëëÉëëãÉåíë= íÜ~í= ÇÉãçåëíê~íÉ= Üçï= áí= ïáää= ã~âÉ= ~= éçëáíáîÉ= ÅçåíêáÄìíáçå= íç= êÉÇìÅáåÖ= çê=
ã~å~ÖáåÖ=ÑäççÇ=êáëâK==qÜáë=ïáää=áåîçäîÉ=~=åìãÄÉê=çÑ=ãÉ~ëìêÉë=áåÅäìÇáåÖW=
içÅ~íáåÖ=îìäåÉê~ÄäÉ=íóéÉë=çÑ=ÇÉîÉäçéãÉåí=íç=~îçáÇ=íÜÉ=êáëâ=çÑ=ÑäççÇáåÖ=
o~áëáåÖ=Ñäççê=~åÇ=ä~åÇ=äÉîÉäë=
fãéêçîáåÖ=Å~é~Åáíó=~åÇ=ÉÑÑÉÅíáîÉåÉëë=çÑ=Çê~áå~ÖÉ=áåÑê~ëíêìÅíìêÉ=
mêçîáÇáåÖ=ÑäççÇ=ÇÉÑÉåÅÉë=~åÇ=ÑäççÇ=ï~êåáåÖ=ãÉ~ëìêÉë
Policy CS34 – Planning Application Considerations, also refers to flood risk:
qÜÉ= `çìåÅáä= ïáää= ëÉÉâ= ÇÉîÉäçéãÉåí= íÜ~í= éÉêÑçêãë= ïÉää= ~Ö~áåëí= ~ää= êÉäÉî~åí= ÅçåëáÇÉê~íáçåë=
áåÅäìÇáåÖW=
NK= e~ë= ~ÇÉèì~íÉäó= ÅçåëáÇÉêÉÇ= íÜÉ= çå= ~åÇ= çÑÑJëáíÉ= áãé~Åíë= çÑ= íÜÉ= éêçéçë~ä= áå= íÉêãë= çÑ=
Åäáã~íÉ=ÅÜ~åÖÉI=ÑäççÇ=êáëâI=ïáäÇäáÑÉI=å~íìê~ä=êÉëçìêÅÉ=ìëÉ=~åÇ=éçääìíáçåK=
2.5

Summary and Conclusions
It is recognised that flooding policies will reflect the guidance which is available at the time
of preparation. Since PPG25 was published in 2001, and PPS25 at the end of 2006, their
content and guidance could only have been taken fully into account by those policies
which emerged after that date. In light of the introduction of PPS25 it will be necessary to
amend all of the identified policies to take into account the fundamental changes
introduced through the publication of the new guidance. In reviewing flood policies
because of PPS25, account will need to be taken of the findings of the SFRA and also the
introduction of the Exception Test (in order to assess development proposals which may
be able to deliver wider sustainability benefits). The new planning system provides the
ideal opportunity for existing planning policies to be reviewed and we would therefore
recommend that policies which deal with flooding issues are re-evaluated to ensure that
the guidance and advice contained within PPS25 is accurately reflected. However it will
take some time before the revised policies are adopted and we would therefore
recommend that the SFRA, which is PPS25 compliant, can help to guide on flooding
constraints.
In accommodating future development there is a range of planning policies to consider
and balance on a national, regional and local level. Future development needs have been
broadly specified in regional plans and are being refined on a local level in the emerging
LDF.
PPS25 provides the overarching national guidance with respect to development and flood
risk, emphasising the need to effectively manage flood risk within the planning system,
rather than relying on reactive solutions to flooding. This includes a responsibility for LPAs
to reduce flood risk to people and property as a result of new development. It also
identifies the preparation of SFRAs as a key process in the understanding and
management of flood risk for planning purposes.
It is widely recognised that flood risk is one of a whole raft of policy constraints placed
upon the local planning system. Development must facilitate the socio-economic needs of
a community, and spatially must sit within an existing framework of landscape and
infrastructure. For this reason, a balance must be sought between development need and
the risk it may pose to existing and future dwellers of the area as a result of flooding.
The aim of this SFRA is to provide a better understanding of flood risk that can feed into
the emerging LDF and enable informed and balanced planning decisions to be made.
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3

STRATEGIC FLOOD RISK ASSESSMENT - OVERVIEW

Read this section if:
You want an overview of how provision of flood defences has changed to one of flood
management. It also outlines how SFRAs are an important element of reducing future risk. The
Sequential Test is a fundamental approach to delivering a reduction in future risk through spatial
planning.

3.1

Background to Strategic Flood Risk Management Objectives
Historically, the management of flood risk was undertaken in a somewhat reactive manner,
addressing problems on an as-needed basis in response to flooding events. It was
recognised by Government that this approach was generally not cost effective and often
failed to consider individual problem areas within the wider river system.
To address this, the Environment Agency is committed to a rolling programme of flood risk
mapping and strategic flood risk management investigations. These include Catchment
Flood Management Plans (CFMP) and Flood Risk Management (PAG2) Strategies within
fluvial systems and Shoreline Management Plans (SMP) within coastal areas.
These studies take a catchment-wide approach to flood risk. They identify where flooding
is known or perceived to be an existing problem and consider how flooding regimes are
likely to alter as a result of climate and land use changes. The studies aim to understand
the mechanism of flooding in an area and include assessments of how flooding can be
cost effective and sustainably managed over the next 50 to 100 years. These
investigations also pay particular attention to the environmental implications of flood risk
management and seek to provide opportunities for environmental benefit wherever
possible.
The importance of influencing both the strategic planning process and development
control, by preventing development within flood risk areas, is recognised as a key
Environment Agency objective. For this reason it is vital that the recommendations of the
SFRA are consistent with the long-term strategy for flood risk management in the study
areas.

3.2

Overview of the SFRA Process
The SFRA is a planning tool that can be used to inform the spatial planning process.
It is the Environment Agency’s opinion, in line with PPS25, that allocations should be
made outside of the flood risk areas (i.e. in Zone 1) wherever possible. If there are no
reasonably appropriate Flood Zone 1 sites, allocations should be made in Zone 2 first,
considering flood risk vulnerability of land uses. Only where there are no reasonably
available sites in Flood Zone 1 or 2 should Zone 3 allocations be made. In order to
demonstrate that there are no lower risk sites available the Sequential Test needs to be
carried out.
The information provided in the SFRA should allow the LPA to carry out the Sequential
Test.
Only on completion of the Sequential Test should the Exception Test be used to justify
allocations or developments in high risk areas where the need to develop is considered
exceptional. Whilst the SFRA has been undertaken in partnership with the Environment
Agency, it is likely they will object to some of the potential allocation sites. They may
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maintain objections to these on site specific flood risk grounds unless sufficient
information can be provided to show the risks can be safely mitigated in the design. This
is a matter of detail that cannot be addressed in a strategic assessment.
An SFRA is a project with defined start and end points. The deliverable is a tool to allow
the sequential testing to take place within the LDF. The SFRA itself cannot determine
where additional replacement sites in low-risk areas can be found, nor can the LPA stop
the SFRA at the Sequential Test phase, revisit their allocations, and then return to continue
testing via the Exception Test.
The LPA has the information and options to sequentially test, provide more detailed
evidence to support the Exception Test within this SFRA. The SFRA will recommend
removal of allocations at the extreme of flood risk policy, i.e. sites in functional floodplain.
The SFRA provides some indication of deliverability, and hence whether the site should be
considered in more detail.
At its highest level the SFRA assesses the spatial flood probability across the study areas
allowing the Sequential Test to be undertaken. Within defended floodplains where
individual allocations have the potential to alter the risks significantly, leading to significant
residual risks, the Sequential Test requires a more detailed assessment of probability and
consequences. Floodplains provide storage and attenuation for the river system. Any
major changes to the floodplain must, therefore, also consider the impact to the river
system as a whole.
The assessment of flood risk within the study areas should be targeted where
development is proposed within current planning horizons. Furthermore, the confidence
placed in the SFRA, with respect to the delineation of flood risk, should be sufficient so
that it may be used to inform the future allocation of sites within the Local Development
Framework.
Risk is defined as a function of both probability of an event occurring and the
consequence should that event take place. When considering the actual risk associated
with the failure of a flood defence, consideration must be given to both overtopping and
the structural integrity of the defence. In terms of both economic viability and practicality,
the consequence of defence failure is largely a function of the intended land use. For
example, the vulnerability of residential areas to flooding is considered greater than
flooding to industrial or commercial developments. Similarly, the risk to a residential home
is considered greater than the risk to a renovated mill where the ground floor level is not
likely to be used for residential accommodation. PPS25 discusses residual risk arising
from flood defences and that ‘development should not be normally be permitted where
flood defences, properly maintained and in combination with agreed warning and
evacuation arrangements, would not provide an acceptable standard of safety taking into
account climate change’. Therefore even in heavily defended floodplain, with say a 0.5%
standard of protection, an assessment is required of the residual risks and that these
remain acceptable over the lifetime of the development.
To assess actual risk, it may be necessary to model the consequence of overtopping in a
0.5% or 0.1% probability tidal event. Generally, the worst case scenario will coincide with
a failure of the defences (breach) at the peak of the flood event. To this end, a two
dimensional inundation model (which has the ability to predict depth and velocity) of the
defended area may be required to examine the impact of either a breach failure or
overtopping during the design event. The extent of inundation behind the defence should
be identified, and the depth and velocity of flow (within the inundated area) monitored over
time throughout the duration of the event.
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3.3

Sequential Flood Risk Test (SFRT) –PPS25
PPS25 provides the basis for the sequential approach, it recommends that LPAs use a risk
based approach to development planning and specifies the need, for undertaking RFRAs
and SFRAs in Annex E.
The Council will be required to prioritise the allocation of land for development in
ascending order from Flood Risk Zones 1 to 3 (see flow chart below). When allocating or
approving land for development in flood risk areas, the Council is expected to
demonstrate that there are no suitable alternative development sites located in lower flood
risk areas.
Figure 3-1 Sequential Flood Risk Assessment
Delineation of Zone 3b and
review planning constraints
associated with
• essential infrastructure
• water compatible
development within the high
risk zone

Step 1: Delineation of
Low Risk Zone 1
Review planning
constraints
associated with:
• Essential
Infrastructure
• More vulnerable
• Less vulnerable
• Water
compatible
development
within the medium
risk zone

Step 2: Delineation of
Medium Risk Zone 2

Step 3: Delineation of
High Risk Zone 3

Identification of areas
subject to
development
pressure

Step 4: Identification of
localised drainage
issues

Delineation of Zone 3a and
review planning constraints
associated with
• Essential Infrastructure
• More vulnerable
• Less vulnerable
• Water compatible
development within the high
risk zone

Assessment of
actual risk within
defended areas

Review of Planning Constraints within the High Risk Zone

Assessment of
climate change
impacts

Assessment of residual
risk & uncertainty

Recommend areas suitable for development & identify potential
flood risk management opportunities

3.3.1

The Exception Test
PPS25 explains where the Exception Test can be applied for most types of development.
In some situations, for certain types of development, it is not appropriate to use the
Exception Test. For example, highly vulnerable development cannot be justified within the
high risk zone through the use of the Exception Test. The Test provides a method of
managing flood risk while allowing necessary development to occur. Primarily, the Test is
used to differentiate different scales of risk in Zone 3a, thereby giving a further application
of the sequential approach for identification of suitable allocations.
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Where departures from the Sequential Flood Risk Test are justified by the need to locate
development in medium or higher risk zones or in order to meet the wider aims of
sustainable development, it is necessary to apply the Exception Test. The situations
where it is necessary and appropriate to apply the Exception Test are outlined in the table
below, in Table D3 in PPS25, and in Appendix B3. This table indicates where
developments should be allowed, rejected or subject to the Exception Test.
Figure 3-2 Application of the Exception Test

Zone

EI

HV

Category
MV

LV

W

1

2

3a

3b
EI= Essential Infrastructure, HV= High Vulnerability, MV= Medium Vulnerability,
LV= Low Vulnerability, W= Water Related
Denotes where Exception test applies (
recommended)
Note: Including FRA
Denotes that development would not be permitted in this zone
Denotes that development would be permitted, and FRA would be required
in Zones 2 & 3 and may be required in Zone 1 sites.

Where the Exception Test is required, it should be applied as soon as possible to all Local
Development Document (LDD) allocations for development and all planning applications.
All of the elements of the Exception Test have to be passed before development is
allowed. The three elements of the Exception Test are:
~K fí=ãìëí=ÄÉ=ÇÉãçåëíê~íÉÇ=íÜ~í=íÜÉ=ÇÉîÉäçéãÉåí=éêçîáÇÉë=ïáÇÉê=ëìëí~áå~Äáäáíó=ÄÉåÉÑáíë=íç=
íÜÉ= äçÅ~ä= Åçããìåáíó= íÜ~í= çìíïÉáÖÜ= ÑäççÇ= êáëâI= áåÑçêãÉÇ= Äó= ~å= pco^I= ïÜÉêÉ= çåÉ= Ü~ë=
ÄÉÉå= éêÉé~êÉÇK= = fÑ= íÜÉ= ama= Ü~ë= êÉ~ÅÜÉÇ= íÜÉ= ÚëìÄãáëëáçåÛ= ëí~ÖÉ= Ó= ëÉÉ= cáÖìêÉ= Q= çÑ=
mmpNOW= içÅ~ä= aÉîÉäçéãÉåí= cê~ãÉïçêâë= Ó= íÜÉ= ÄÉåÉÑáíë= çÑ= íÜÉ= ÇÉîÉäçéãÉåí= ëÜçìäÇ=
ÅçåíêáÄìíÉ=íç=íÜÉ=`çêÉ=píê~íÉÖóÛë=pìëí~áå~Äáäáíó=~ééê~áë~äK=
b. qÜÉ=ÇÉîÉäçéãÉåí=ëÜçìäÇ=ÄÉ=çå=ÇÉîÉäçé~ÄäÉ=éêÉîáçìëäó=ÇÉîÉäçéÉÇ=ä~åÇ=çêI=áÑ=áí=áë=åçí=çå=
éêÉîáçìëäó= ÇÉîÉäçéÉÇ= ä~åÇI= íÜ~í= íÜÉêÉ= ~êÉ= åç= êÉ~ëçå~ÄäÉ= ~äíÉêå~íáîÉ= ëáíÉë= çå=
ÇÉîÉäçé~ÄäÉI=éêÉîáçìëäó=ÇÉîÉäçéÉÇ=ä~åÇX=~åÇ
c. ^=cäççÇ=oáëâ=^ëëÉëëãÉåí=ãìëí=ÇÉãçåëíê~íÉ=íÜ~í=íÜÉ=ÇÉîÉäçéãÉåí=ïáää=ÄÉ=ë~ÑÉI=ïáíÜçìí=
áåÅêÉ~ëáåÖ=ÑäççÇ=êáëâ=ÉäëÉïÜÉêÉI=~åÇI=ïÜÉêÉ=éçëëáÄäÉI=ïáää=êÉÇìÅÉ=ÑäççÇ=êáëâ=çîÉê~ääK
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3.3.2

Sites within Zone 1
From a flood risk perspective all land uses are acceptable within Flood Zone 1. Flood risk
is not considered to be a significant constraint to development and all land uses listed
below are appropriate in this zone:
•
•
•
•
•

Essential infrastructure
Highly vulnerable
More vulnerable
Less vulnerable
Water compatible development.

For the definitions of these classes reference should be made to Appendix B table B-2.
A Flood Risk Assessment will not usually be required for development in this zone unless
there are, for example, historical records of localised flooding or site-specific
considerations such as surface water issues that necessitate further investigation.
However, due to their potential impact on the local flood risk, a Flood Risk Assessment will
be required for all developments greater than 1 ha in size. This will include further
consideration of surface water drainage and onsite mitigation measures that may be
required, particularly where the capacity of the surface water sewer or receiving
watercourse is limited. A Flood Risk Assessment will be undertaken by the potential
developer of the site. The Environment Agency will be able to advise potential developers
as to their specific requirements on a site by site basis.
3.3.3

Sites within Zone 2
Subject to the application of the Sequential Flood Risk Test, PPS25 specifies suitable
types of development in Zone 2 as:
•

Essential infrastructure

•

More vulnerable

•

Less vulnerable

•

Water compatible development.

For the purpose of this SFRA it is assumed that both less and more vulnerable
developments are also subject to the Exception Test. This is considered a proactive
approach, developing good consistent practice to managing flood risk and development.
It is not for the SFRA to assess whether the site will pass parts a. and b. of the Exception
Test. The Council must be able to demonstrate the need for development through the
spatial planning process.
A Flood Risk Assessment will be required for all development in this zone. The Flood Risk
Assessment will need to assess the current level of flood risk as well as the level of flood
risk following development. Development plans for the site will need to demonstrate that
flood risk can be effectively and safely managed without increasing flood risk elsewhere.
Proposals should also demonstrate that safe access and egress to the development can
be maintained during an extreme flood event and that development is set at an
appropriate level so that the residual risks are managed to acceptable levels. A further
level of analysis may be required where development is planned behind, or adjacent to,
existing defences in order to test the sustainability and robustness of the mitigation
measures.
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Other flood risk constraints, such as incidents of localised flooding and other site specific
considerations will need to be addressed. Site-specific Flood Risk Assessments will be
undertaken by the developer of the site and the Environment Agency, who will be able to
advise developers as to their specific requirements on a site by site basis.
3.3.4

Sites within Zone 3
In accordance with PPS25, Flood Zone 3 is subdivided into Zones 3a and 3b. Zone 3a is
potentially suitable for water-compatible and less vulnerable land uses. The more
vulnerable and essential infrastructure uses should only be permitted in this zone if the
Exception Test is passed. Highly vulnerable development should not be permitted in this
zone. Only water-compatible uses and essential infrastructure development should be
permitted in Zone 3b. It should be noted that extension of some 3a designated floodplains
into candidate 3b Flood Zones has been recommended as part of the spatial review of
flooding mechanisms and risks. This is discussed in more detail in Section 6.2. In these
potentially critical floodplains 3a uses could be considered, but consideration should be
given to moving development to lower risk areas.
PPS25 implies that it is not necessary to apply the Exception Test to employment
allocations within Zone 3a. For completeness, This SFRA recommends that the Exception
Test is applied to employment allocations as this is considered a proactive approach,
developing good consistent practice to managing flood risk.
As the Sequential Flood Risk Test is used to prioritise sites in order of vulnerability to flood
risk and their acceptability in terms of allocation for development, development plans
should primarily focus on lower Flood Zones in preference to Flood Zone 3.
Where sites are partially or wholly located within Flood Zone 3, it is recommended that the
Council should avoid development by specifying water compatible uses or Public Open
Space for these areas. PPS25 also states that the Council should relocate existing
development to land in zones with a lower probability of flooding. Therefore a
presumption for further development in existing floodplains is not supported by PPS25,
and any future SFRA should review existing areas so see if relocation is a spatially
sustainable strategy.
Any proposals for development within Flood Zone 3 will require developers to undertake a
detailed site-specific Flood Risk Assessment. It should be noted that constraints to
development are likely to be significant and developers should seek advice from the
Environment Agency as to the specific requirements for assessment.

3.3.5

The likelihood of passing the Exception Test
The fact that mitigation measures are discussed in this SFRA should not be taken as a
presumption that the Sequential Flood Risk Test has been short circuited. It is included to
give improved understanding of the consequences associated with the allocation of a site
for development in high risk areas. It is also used to provide additional indicative evidence
for assessment of the Exception Test.
Mitigation measures must be designed to provide an appropriate level of flood mitigation
to a site for the lifetime of the development. At most sites it is technically feasible to
mitigate or manage flood risk (if potential off-site impacts are ignored). However, where
the depth of flooding is substantial, these mitigation measures may result in practical
constraints to development with significant financial implications. The Exception Test
needs to explicitly understand offsite impacts of development as well as the limiting
factors that influence flood risk.
Often the determining factor in deciding whether a particular development can proceed is
the financial feasibility of flood risk mitigation rather than technical limitations. It is
important that recommendations for allocation should not be made when there is little or
no chance of feasible and cost effective mitigation measures being developed.
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Demonstrating that a site can be developed is, however, difficult without a detailed Flood
Risk Assessment.
At the SFRA stage broad assumptions need to be made about the feasibility of flood risk
mitigation so that sites with realistic development potential are put forward. In this context
the assumptions shown in the following table have been made. It is assumed that floor
level raising will continue to be the traditional mitigation measure, however, it should be
noted that the Environment Agency consider extensive land raising to be a less desirable
approach to flood risk management.
This table refers to indicative depths of flooding before mitigation measures are put in
place and should not be mistaken for acceptable levels of flooding after mitigation.
Table 3-1 Suggested Screening Criteria for Mitigation Measures
Depth of
Inundation*
0 to 1.0 m

Comments

Sustainable mitigation and flood risk management may be
feasible for both housing and employment purposes. There is a
greater likelihood that the Exception Test can be passed.
1.0 to 1.5 m
Mitigation is likely to be costly and may not be economically
justifiable for low value land uses. Housing allocations are
considered appropriate, provided flood risk can be managed or
mitigated (e.g. by using lower levels for car parks or public areas).
Floor level raising for employment purposes is unlikely to be
economically viable and employment allocations should be
reconsidered in favour of alternative lower risk sites. The
likelihood of passing the Exception Test is lower.
Above 1.5 m
Flood risk mitigation measures are unlikely to be economically
justifiable and both housing and employment allocations should
be reconsidered in favour of alternative lower risk sites.
Development is unlikely to be sustainable and the likelihood of
passing the Exception Test is low.
kçíÉëW=G=_~ëÉÇ=çå=éêÉÇáÅíÉÇ=ÇÉéíÜ=çÑ=áåìåÇ~íáçå=Ñçê=íÜÉ=MKRB=EíáÇ~äF=ÉîÉåíK=
It is recognised that in some locations urban regeneration and redevelopment will be
essential to maintain the long term viability and vitality of communities and the balance of
planning considerations may support redevelopment. These social considerations may
justify a relaxation of the screening criteria set out above and the retention of housing and
employment allocations in certain areas. In these instances the commercial viability of the
development and risks to public safety will need to be given careful considerations during
the planning of the development. A range of flood management and flood proofing
measures are available that can reduce the financial impacts of flooding.
Whilst flooding mitigation measures can be implemented in most sites, it is worth noting
that in some instances the findings of individual Flood Risk Assessments may determine
that the risk of flooding to a proposed development is too great and mitigation measures
are not feasible. In these instances, the development will be subject to an objection by the
Environment Agency.
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4

METHODOLOGY AND DATA SOURCES

Read this section if you want:
An overview of the data used and available information.
approach taken to the sequential testing.
4.1

This section describes the

Methodology of Strategic Flood Risk Assessment
The methodology for the assessment includes the following:

4.2

•

A sequential assessment of the flood risk posed to potential development locations
in the area. This includes categorisation of each site with respect to the degree of
flood risk posed by development.

•

Assessment of potential sites to be allocated for development, with an indication
as to how likely it is that those sites located in Flood Zones 2 and 3 will pass the
Exception Test.

Catchment Processes
Within the development areas in Plymouth being assessed as part of this SFRA the main
source of flooding is tidal, i.e. from the sea. Flooding from the sea (high tides, storm
surges and high waves) represents an extreme hazard as the flooding can happen with
little warning and can be deep and fast moving, especially if a sea defence has been
breached. The other sources of flooding in these areas are surcharge of the sewer
network and direct rainfall falling onto impermeable surfaces within the urban environment.
The average annual rainfall in Plymouth is about 1000mm/year. Tide levels also control
the discharge of water from the sewer systems in Plymouth. Flooding in the East End of
Plymouth could potentially also be influenced to a degree by fluvial floods originating from
the River Plym, which discharges into the estuary near Marsh Mills.
The approaches to Plymouth are protected to a certain extent from extreme wave action
by Plymouth Breakwater out in the middle of Plymouth Sound, Mount Batten Breakwater
(on the south of the Plym estuary, opposite Sutton Harbour) and Drake’s or St Nicholas’s
Island (just south of Millbay). These breakwaters will considerably reduce the maximum
wave height that might be encountered at each of the three development areas under
consideration.
The built up nature of much of Plymouth means that if a flood does penetrate inland from
the coastal or estuary areas then the routing and depth of flooding will be greatly
influenced by the network of buildings, roads and other infrastructure, together with the
topography.
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Figure 4-1: The location of Plymouth City Council area within Devon and its
surrounding area, together with the main rivers
4.3

Detailed Approach
The approach to the SFRA is as follows:

4.3.1

Data Collection
A critical phase in the project delivery is the collection and review of existing information.
These data comprise known or perceived flood risk issues within the district, development
pressures and constraints and current policy governing development within flood risk
affected areas. The majority of this data has been recorded and included in the GIS data
layers used to undertake this assessment. A summary of data sources used in this
assessment is provided below:
•

Local Development Framework area vision diagrams;

•

Areas likely to be developed beyond the life of the existing LDPs;

•

Historical records of flooding including cause and extent;

•

Known and perceived flood risk issue areas, including localised drainage problems;

•

Catchment topography (LiDAR (Light Detection and Ranging) data and Ordnance
Survey (OS) Mapping);

•

Current flood risk management strategies including details of flood defence assets;

•

Proposed land use changes.
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4.3.2

•

Soils

•

Geology – solid and drift

Assessment of Flood Risk
The primary objective is to assess and categorise, in accordance with Table D.1 of PPS25,
flood risk within the developing areas. In general, the following considerations have been
addressed as part of the flood risk assessment process:

4.3.3

•

Definition of areas subject to development and regeneration pressures;

•

Identification of known or perceived flood risk areas, including the nature of the
flooding problem (e.g. river flooding, local under-capacity drainage, culvert blockage)
providing the initial ‘filter’ for key flood risk issue areas within the SFRA area;

•

Review of the current Environment Agency Flood Zone Maps, to provide the broad
(first pass) definition of high risk Flood Zone 3;

•

Review of more detailed flood risk information from model results where available, to
refine the delineation of actual risk in flood zones;

•

Identification of washland and critical floodplain areas as high risk Flood Zone 3b;

•

Identification of formal and informal flood defences that reduce flooding to
developing and regeneration areas; and

•

Identification of developing areas contributing to watercourses and/or known flooding
issue areas to ensure impact upon upstream and downstream properties is
adequately considered (irrespective of flood risk posed to proposed development).

Categorisation of Sites in Accordance with PPS25
This involves identifying those areas in the borough that fall within Flood Risk Zones 1, 2
and 3. The local authorities have identified a large number of sites within the Local Plans
and Urban Capacity Studies as well as a number of potential key development areas and
preliminary sites put forward to be considered in the LDF. The individual sites are overlain
onto the defined flood risk zones and each site has subsequently been categorised in
accordance with the PPS25 Sequential Test.
A review of all potential development sites has been undertaken to categorise sites with
respect to the degree of flood risk posed to them. The filtering process used to categorise
these sites is summarised below. It should be noted that undeveloped areas within Zone
3a have been identified early on during the screening process, as they are seen as
potential 3b areas that should be tested against river functionality criteria, and therefore
safeguarded against significant development. A more detailed explanation of this concept
is included in Section 6.2.
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mêÉÑÉêêÉÇ=
äçÅ~íáçå=Ñçê=
ÇÉîÉäçéãÉåí=

(least risk
and greater
range of
compatible
land useF=

1. Sites within Flood Zone 1: Sites located outside the medium and
high Flood Risk Zones 2 and 3, respectively. PPG25 considers areas
within low Flood Risk Zone 1 to be at little or no risk of fluvial
flooding. Flood risk zones are defined by the Environment Agency’s
Flood Zone Maps.

2. Sites within Flood Zone 2: Sites located outside the high flood risk
zone 3 but wholly or partially located within the medium Flood Risk
Zone 2.

3. Sites within Flood Zone 3a: Previously developed or undeveloped
areas wholly or partially located within high Flood Risk Zone 3a.
aÉîÉäçéãÉåí=
åçí=~ÅÅÉéí~ÄäÉ=

(highest risk
and least range
of compatible
land use)=

4.3.4

4. Sites within Flood Zone 3b: Sites located wholly or partially within
LPA or Environment Agency designated washlands. These are areas
where flood water has to flow or be stored in times of flood to
maintain the natural function of the river system.

Review Climate Change and Land Use Impacts
The delineation of Flood Zones 2 and 3 according to Environment Agency Climate Change
flood outlines has been used as an indication of how flood risk may alter laterally as a
result of climate change. Potential development sites which, with climate change fall into
Flood Zones 2 and 3 or move from Flood Zone 2 to Flood Zone 3 have been included.
Climate change needs to be explicitly assessed in detailed FRAs.
Consideration has been given to the implications of wider land management practices on
flood risk in the area. Although it is likely that small land use changes will only have a
localised impact on river flows, major land use changes could potentially have a significant
impact on the flow regime, and therefore flooding downstream. The way the land is
managed can have a fundamental effect on vegetation cover, soil condition and drainage
networks. These factors can influence flood risk as they affect the proportion of rainfall
which enters the river system, and the speed at which flood water moves through the
catchment.
Use and enhancement of natural processes is an important component of flood risk
management, and the SFRA has an important role in identifying areas of floodplain that
could or should be enhanced or protected from further encroachment by development.
The SFRA, with its use within a spatial planning context, has the opportunity to safeguard
land for use and potential improvement of the natural attenuation function of many of the
rivers in this area.

4.3.5

Planning Review Sites within Flood Risk Zones 1 and 2
Recommendations for the future management of development and redevelopment sites in
low to medium Flood Risk Zones are provided to meet the requirements of national
planning guidance and regional and local flood risk policy.
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4.3.6

Planning Review of Sites within High Risk Zones 2 and 3
Consideration has been given to the actual risk posed to individual sites in medium to high
Flood Risk Zones 2 and 3 and recommendations for development allocations have been
made. Development constraints within these areas are dependent on the strategic
importance and requirement for development (within a planning context).
All the sites which are located in Flood Zones 2 and 3 are assessed as to the likelihood of
them passing the Exception Test and general recommendations given (there can be more
than one possibility for each site).
Recommendations for the future management of developmentwithin Flood Risk Zones 2
and 3 have been provided on a site-by-site basis to meet the requirements of PPS25, as
well as regional and local flood risk policy.

4.3.7

Detailed Assessment Requirements and Exception Test
In locations where it is felt the consequences of a breach or overtopping of defences will
have significant implications for regeneration and development it may be necessary to
assess the consequences of a breach/overtopping in greater detail by undertaking
breach/overtopping analysis.
Breach/overtopping scenarios will provide additional
information, including the variations in the depth of flooding within a defended area. This
information will allow consideration of the potential risk to life.

4.3.8

Establishment of Guidance for LPA and Developers at Planning Application Stage
Concise and pragmatic guidance has been developed to assist the council and developers
to ensure that the outcomes and recommendations of the SFRA are followed through to
the planning application and implementation stage. This is included in section 11.
It is imperative to ensure that the requirements placed upon developers at planning
application are robust and fit for purpose.
Similarly, the ownership, roles and
responsibilities of the LPA and Environment Agency as appraisal bodies must also be
clearly understood to ensure that the effectiveness of the SFRA and planning process is
not reduced.

4.4

Flood Zone Maps
To support the planning process and the implementation of PPS25, the Environment
Agency is producing a range of flood mapping products. These include Flood Zone Maps
and the Historical Flood Map. Functional floodplain has been defined within the SFRA
process, as required by PPS25, and performance of the river floodplain in a local context
will guide where floodplain has a functionality that should be protected and enhanced.
The Flood Zone Maps are the first of these to be delivered. These maps predict the high
(1% fluvial and 0.5% tidal) and medium (0.1% fluvial and tidal) flood risk zones across all
of England and Wales. They have been prepared using a consistent methodology based
on the national digital terrain model (NextMap), derived river flows (Flood Estimation
Handbook (FEH)) and two dimensional flood routing. The theoretically derived flood zone
extents have been adjusted in some locations where the results are inconsistent with
historical flooding extents, more detailed flood mapping studies or where there are known
errors in the digital terrain model.
The Flood Zone Maps were first released to LPAs and others in June 2004. The maps
have been revised since that time and are updated every quarter to include new, improved
data from EA surveying and hydraulic modelling programmes. Version 3.0 of the Flood
Zone Maps (dated September 2006) has been used in this SFRA.
Whilst the Flood Zone Maps are an improvement on past broad scale modelling
approaches (such as the IH130 methodology- see Glossary), the limitations of the maps
must be recognised. The methodology does not allow for the impact of features such as
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washlands or historical river diversions, and consequently there can be inconsistencies
between the theoretical flood extents and historical flood extents. However, the boundary
between Zones 3a and b are unlikely to be affected. Whilst the topographic data used in
the modelling is fit for purpose, there are uncertainties associated with the data which
affect the accuracy of the flood extents.
The Flood Zone Maps do not take account of flood defences. The actual extent of
flooding is mitigated, to some extent, by flood defences. This is consistent with PPS25,
which categorises flood risk without taking into account the effects of defences.
Allocations and other developing areas that are situated wholly or partially within the Flood
Zone Maps must be critically reviewed to assess the degree of flood risk posed directly to
or by the proposed development.
Zone 3b – Functional Floodplain
PPS25 Zone 3 has been delineated on the basis of the Environment Agency’s Zone 3
Flood Zone Map.
Functional floodplain is defined in PPS25 as land where water has to flow or be stored
during times of flood. Specifically this land:
•

would flood with an annual probability of 1 in 20 (5 per cent) or greater in any year,
or at another probability to be agreed between the LPA and the Environment
Agency (EA),

•

is designed to flood in an extreme (0.1 per cent) flood, or at another probability to
be agreed between the LPA and the EA.

Areas which would naturally flood with an annual exceedence probability of 1 in 20 (5 per
cent) or greater, but which are prevented from doing so by existing infrastructure or solid
buildings will åçí=normally be defined as a functional floodplain.
The functional floodplain is determined considering the effects of defences and other flood
risk management infrastructure in and around the area of interest.
PPS25 sets out a clear policy aim in Flood Zone 3 to create space for flooding by restoring
functional floodplain.
4.5

Flood Defences
PPS25 considers that defended areas (i.e. those areas that are protected to some degree
against flooding by the presence of a formalised flood defence) are still at risk of flooding,
and therefore sites within these areas must be assessed with respect to the adequacy of
the defences.
The location and condition of all flood defences has been provided by the Environment
Agency via the National Fluvial and Coastal Defence Database (NFCDD). NFCDD includes
the following types of defence structure: embankment, barrier, maintained channel,
culverted channel, natural channel. These may be owned by the Environment Agency, the
Local Authority or privately owned.
The use of this information to identify defended areas is described within Chapter 6.
The condition of the existing defences is provided in the form of a ‘rating’ (1 to 5), and is a
reflection of any signs of ‘obvious’ structural problems. The condition rating is determined
on the basis of visual inspection, focussing on obvious signs of structural defect (e.g.
slippage, cracking, poor maintenance), designed to inform the maintenance programme.
A summary of the NFCDD condition rating allocations is provided in Table 4-1.
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Table 4-1: NFCDD Condition Ratings
Condition
Rating
1

Condition

Condition Description

Very Good

Fully serviceable.

2

Good

Minor defects.

3

Fair

Some cause for concern. Requires careful monitoring.

4

Poor

Structurally unsound now or in the future.

5

Very Poor

Completely failed and derelict.

As part of the SFRA these visual condition grades have been taken as an indication of the
risk of defence failure as this is an accepted EA process undertaken in the National Flood
Risk Assessment (NaFRA) flood risk maps. In detailed Flood Risk Assessments (FRAs) the
condition of the defences will need to be explored more thoroughly, especially where the
defences are informal and contain a wide variation of condition grades. It should be noted
that flood risk at the receptor (house or person) is a function of the probability of the
source of flooding entering the receptor area, and the performance of the defences in an
overtopping and/or breaching mode. This is complicated function that can only be
assessed during a local Flood Risk Assessment. During an SFRA, simplifications of this
function are required as detailed above.
4.6

Breach
The following section gives a brief overview of the principles used for assessing the
suitability of a site for modelling breach and/or overtopping scenarios. JFLOW was used
for the breach/overtopping scenarios. JFLOW is JBA’s 2-dimensional raster floodplain
model, which can route flood water from specified inflow points across the floodplain.
Assessment of defence
In general, a breach of flood defence such as earth embankment or man-made raised
defence is most likely to occur where the defence is structurally weaker or more likely to
be overtopped by water levels. The presence of a defence in the form of, for example, an
embankment or a flood wall raised above the ground level is essential for breach
modelling. Another important issue is the Standard of Protection (SoP) of the defence. If
the SoP is very low, a defence is more likely to overtop than breach. In order to assess a
site as suitable for breach modelling, a raised embankment or flood wall must be present
at the potential site, together with data on crest levels of the defence and inland ground
levels.
Assessment of the site
The ground level of the area adjacent to the potential breach location has to be low
enough to allow for the flood water to spread. For example, if the ground levels are higher
than the level of the embankment or flood water level, it is unlikely that the breach or
overtopping would be a significant issue for the site. Also, when the ground levels are
sloping upwards in the direction from the potential breach location, the flow path for the
flood water will be limited.
During this project a number of potential breach and overtopping sites were analysed. Two
sites were taken forward for breach analysis and three for overtopping. Obviously, where
a breach or overtopping scenario has not been carried out does not mean that a breach or
overtopping event will not occur in the future. The risk of potential breach or overtopping
will need to be assessed during a local Flood Risk Assessment.
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There are a number of sites where there is potential risk of breach or overtopping.
However, for the purposes of this SFRA it was decided to restrict the breach/overtopping
assessment to one location per main development area.
4.7

Topography
Remotely sensed ground level data (LiDAR) have been made available for use in the SFRA
by the Environment Agency. This information is in the form of a land surface level grid with
a 2m grid resolution. The nominal vertical accuracy of LiDAR data is typically ± 0.25 m.
LiDAR data are available for the whole study area.

4.8

Hydraulic Modelling
There is no single comprehensive tidal hydraulic model for the Plymouth area. However,
the lack of detailed modelling data does not preclude the determination of flood risk.
Where uncertainty is high a precautionary approach should be applied. Detailed site
specific Flood Risk Assessments for at-risk sites will need to be undertaken to confirm the
exact flood levels.

4.9

Estimation of Actual Risk using Depths Calculated using GIS projection analysis and
JFLOW
Depths calculated from GIS projection analysis
Spatial GIS tools were used to project the predicted 20 year, 200 year and 1000 year tidal
flood still water level inland from the sea/estuary. The 20 year tidal flood event was used
to estimate the potential ‘natural tidal functional floodplain’ in which non-water compatible
development should be avoided. The existing flood zone outlines in the Plymouth areas
are known to have been generated by more than one methodology and so could not be
utilised to generate depth grids themselves. A simple GIS projection method was used to
generate the 20 year, 200 year and 1000 year flood outline, based on levels reported in
11
PDMM/Posford Haskoning (2003) . From the predicted flood outline a depth grid was
generated for the inundated area. A query of the water depth grids was then used to
extract the minimum, average and maximum modelled water depth for each allocation
zone. On the basis that the LiDAR data will contain some error it must be assumed that
the depths obtained from this procedure can only be taken as indicative. More detailed
analysis would be required to improve the accuracy of the results which is outside the
scope of this study.
Depths calculated using JFLOW
The JBA in-house 2-d flood inundation model (JFLOW), which can route flood water from
specified inflow points across the floodplain, was used to assess the spread of extreme
200 year tidal flood for breach and overtopping scenarios.
The methodology is a raster-based approach, driven by an underlying digital elevation
model (DEM). Each cell has a ground level and water depth. Water can move to adjacent
cells where the water level is lower. Water will pond in low spots until the water level is
high enough to spill. The velocity of movement depends on water surface slope and
surface roughness.
The breach and overtopping modelling utilised the unfiltered LiDAR DEM data. The
unfiltered LiDAR DEM was chosen as it provides the most realistic ground surface
topography with buildings, roads, railways and embankments in place. The spread of a
flood through this DEM therefore closely resembles the ‘developed’ landscape. For the

11

PDMM Posford Haskoning (2003) Report to the Environment Agency South West Region on Regional Extreme Tide Levels
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additional East End modelling work undertaken in the Laira Bridge to Laira Junction area,
some small adjustments were made to the unfiltered LiDAR data, based on local
knowledge, to improve the definition of overland flow routes in this area.
The breach and overtopping modelling was based on the current 200 year (0.5% AEP)
tidal flood event and for two future years (taking account of the current climate change
predictions for sea level rise), namely 2050 and 2110. The potential for increased wave
height as a consequence of climate change was considered on an area by area basis.
The extreme still water levels were obtained from the PDMM Posford Haskoning report
(2003)12 to the Environment Agency on extreme tide levels in the South West, which used
13
the industry standard POL112 prediction method . The increase in this level as a
consequence of climate change effects utilised the values given in draft PPS25, Annex B –
Climate Change Allowances which predicts a 0.45m rise in sea level in 2050 and a 1.25m
rise in sea level in 2110 for this part of England.
The generation of the tidal hydrographs was based on the astronomical large spring tide
cycle for this area, together with a storm surge component. These tidal hydrographs were
then used as inflows into the JFLOW model, which was allowed to run for three full tidal
cycles (35 hours). Zero hours of the model run time was low tide, as was 12 hours and 24
hours. Therefore, 6 hours (from the start of the model run), 18 hours and 30 hours
represented the high tide condition. The way the tidal surge was calculated meant that the
middle high tide (at 18 hours model run time) was the maximum tide height experienced.
Given a bit of lag as the inflow water passes across the land surface then the maximum
tide extent on the ground generally took place between 18 hours and about 20 hours
(model run time). Three tidal cycles were chosen to represent the typical time it might take
the responsible authority to undertake a repair of a breached embankment.
For the breach scenario an instantaneous 20m wide breach was created in the JFLOW
model by altering the DEM and water was then allowed to flow through the breach and on
to the land behind the breached embankment. The full breach width was taken down to
the ground level on the landward side of the breach.
The modelled flood depths were extracted from the model results and interpolated to form
a grid of flood depths. Minimum, maximum and average flood depths and velocities were
calculated.
There are several limitations associated with the modelling. As mentioned above, the
accuracy of the modelled is particularly dependant on the accuracy of the LiDAR and the
data available on flood defences. Where no data were available on defence crest heights,
it was assumed that the standard of protection was for the 1 in 50 year event.
4.10

Historical Flooding
Historical flooding events and issues have been identified and assessed utilising a number
of information sources as identified below:
Environment Agency

12

•

Documents including the Tamar Draft Catchment Flood Management Plan.

•

Historical flood occurrence and extent data (from the Flood Reconnaissance
Information System, FRIS).

PDMM Posford Haskoning (2003) Report to the Environment Agency South West Region on Regional Extreme Tide Levels

13

Proudman Oceanographic Laboratory (1997) Internal Document No. 112. Spatial Analyses for the UK Coast. Dixon &
Tawn.
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The Devon Fire Brigade have provided information on flooding incidents that they have
been called to in recent years.
4.11

Identification of Localised Drainage Issues
In addition to tidal flood risk, alternative sources of flooding including groundwater,
overland flow and surface water drainage also need to be considered when planning
development. Although explicit consideration of these sources of flooding is not a
requirement for flood zone allocation, local drainage issues have the potential to cause
substantial damage and distress. When considering development proposals, known
drainage and surface water problems need to be taken into account.
Where a localised drainage issue has been identified, further development upstream of this
location has a potential to exacerbate the existing problem by increasing discharge and
altering the flow regime of the watercourse. For this reason, all proposed developments
need to consider mitigation measures to ensure flood risk is not increased either upstream
or downstream of the proposed development. Mitigation may take the form of sustainable
drainage techniques or surface water attenuation. The consideration of soil type will
provide a positive contribution in the consideration of drainage arrangements strategically
and therefore will be considered on sites selected for development in Flood Zones 2 and
3, which give an indication of their suitability for Sustainable Drainage Systems (SuDS),
such as soakaways. It should be stressed that whilst the permeability of the soil and
underlying strata (if soil is shallow) is an important consideration for infiltration techniques,
some SuDS techniques can be used on impermeable soils and could help aid attenuation
by reducing conveyance time. This should be considered by the developer and council at
14
the planning application stage. We have used the 1:250,000 scale soil map of England. ,
15
16
together with the 1:625,000 scale solid and drift geology maps, to make this
assessment.

4.12

Limitations of Background Information
Data and models are key to the understanding of the scale of the flood risk. However the
data used in the SFRA is limited in many aspects and it is important that these limitations
are considered.
The limitations of Flood Zone data have been covered in Sections 4.4 and 4.9.
Where there is no reference to localised flooding issues in a development area, this does
not necessarily mean that there are none.
The LiDAR data used in the SFRA have been filtered, i.e. objects such as trees and
buildings have theoretically been removed. However, in some cases (such as the
overtopping and breach modelling) these features may have been left in, which will clearly
have implications for those areas where water levels have been estimated during floods.
There are also gaps in the LiDAR data, where the land height appears as “null” (see
Section 4.9).
The soil and geology maps can only give an indication of what the soils and underlying
deposits/strata are like within an area, as the map scale does not provide sufficient detail.
In addition, soils and drift geology can change significantly within a short distance. On the
soil maps any large urban areas are classified as “unsurveyed”, therefore the soil type
nearest the area was selected.

14

Soil Survey of England and Wales. 1980. Soils of England and Wales. 1:250,000 scale.

15

British Geological Survey (1979). Geological Survey Ten Mile Map South Sheet. 3 Edition – Solid. 1:625,000 scale.

16

British Geological Survey (1977). Geological Survey Ten Mile Map South Sheet. 1 Edition – Quaternary. 1:625,000 scale.
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5

STRATEGIC FLOOD RISK ASSESSMENT – PRACTICAL APPLICATION

Read this section if you want to understand:
How the data gathered has been used to provide relevant information on flood risk that
can inform the strategic assessment.
How definitions of Flood Zones have been derived for use in this SFRA and how Zone 3
has been subdivided.
This chapter also introduces the link between flood risk and land-use vulnerability and
outlines how the data collected has been used in the Exception Test.
5.1

Delineation of the Flood Risk Zones
The element of the Sequential Test uses the Environment Agency’s published Flood Zone
Maps to identify areas at low, medium and high flood risk. These areas correspond to
Flood Risk Zones 1, 2 and 3, respectively. The Environment Agency’s Flood Zone Maps
provide an overview of areas considered susceptible to flood risk in the study area as a
result of fluvial and/or tidal flooding. The Flood Zone Maps have been prepared in a
consistent manner across the whole of the UK and provide an estimation of the extent of
flooding for both the 1% fluvial/0.5% tidal and 0.1% events.
PPS25 divides the country into three basic flood zones, Flood Zones 1, 2 and 3,
corresponding to areas of low, medium and high flood risk, respectively. The flood zones
are based on the Environment Agency’s Flood Zone Maps (see Table B - 1 in Appendix
B.1 for full descriptions of all the flood zones under PPS25). Therefore they still refer to
the probability of flooding from rivers, the sea and tidal sources (where appropriate) and
ignore the presence of existing defences, because these can be breached, overtopped
and may not be in existence for the lifetime of the development.

5.1.1

Delineation of Low Risk Zone 1
PPS25 considers areas within Flood Zone 1 to be at low risk to flooding. The annual
probability of flooding within this zone is less than 0.1%. Within this SFRA, Flood Zone 1
can be defined as areas within the borough located outside either Flood Zones 2 or 3.
Generally there is no constraint to development, in terms of flood risk, within Flood Zone 1
although, to stay in line with Environment Agency Standing Advice, any development over
1 ha should be submitted accompanied by a site-specific Flood Risk Assessment.
Localised drainage arrangements should be discussed and consideration of drainage
needs to ensure that development will be safe and there will be no increase in flood risk
elsewhere.
Environment Agency Standing Advice also recommends that where there are known
surface water issues a development under 1 ha may need to be accompanied by a FRA.

5.1.2

Delineation of Medium Risk Zone 2
PPS25 considers areas within Flood Zone 2 to be at medium risk of flooding. The annual
probability of flooding within this zone is between 0.1% and 1% for fluvial flooding and
0.5% and 0.1% for sea flooding. In general Flood Zone 2 is considered suitable for most
development except essential civil infrastructure, such as police and fire stations, where
the Exception Test is required.
PPS25 does not preclude development in Flood Zone 2. However, a risk-based
assessment regarding allocation within Zone 2 must be undertaken. Although more
vulnerable land uses such as hospitals, residential institutions and residential development
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are permitted in Flood Zone 2, it will be extremely important that detailed Flood Risk
Assessments are carried out that clearly quantify actual flood risk and that there is safe
access and egress and that any residual risk can be safely managed, especially when
development is in the form of hospitals. Consideration of local drainage issues will also be
required.
5.1.3

Delineation of High Risk Zone 3
PPS25 considers areas within Flood Zone 3 to be at high risk of flooding. The annual
probability of flooding within this zone is 1% or greater, but does not take into account the
potential moderating effect of defences. All development proposals in this zone should be
accompanied by a FRA.
Flood Zone 3 is subdivided into two further categories:
Flood Zone 3a: High probability
In accordance with Table D1 of PPS25
•

Water compatible and less vulnerable uses of land are appropriate in this zone.

•

The highly vulnerable uses in Table D2 should not be permitted in this zone

•
The more vulnerable and essential infrastructure uses in Table D2 should only be
permitted in this zone if the Exception Test is passed.
•
Essential infrastructure permitted in this zone should be designed and constructed
to remain operational and safe for users in times of flood.
In zone 3a, developers should seek to:
•

Use SUDs and development designs that reduce the overall flood risk;

•

Relocate existing development into lower risk zones;

•
Create space for flooding by provision of open areas that store flood waters and
restoring functional floodplain.
Flood Zone 3b: Functional floodplain
In accordance with Table D1 of PPS25 “qÜáë=òçåÉ=ÅçãéêáëÉë=ä~åÇ=ïÜÉêÉ=ï~íÉê=Ü~ë=íç=Ñäçï=
áå=íáãÉë=çÑ=ÑäççÇK==pco^ë=ëÜçìäÇ=áÇÉåíáÑó=íÜáë=cäççÇ=wçåÉ=Eä~åÇ=ïÜáÅÜ=ïçìäÇ=ÑäççÇ=ïáíÜ=~å=
~ååì~ä= éêçÄ~Äáäáíó= çÑ= N= áå= OM= ERB= çê= ÖêÉ~íÉêF= áå= ~åó= óÉ~ê= çê= áë= ÇÉëáÖåÉÇ= íç= ÑäççÇ= áå= ~å=
ÉñíêÉãÉ= EMKNBF= ÑäççÇI= çê= ~í= ~åçíÜÉê= éêçÄ~Äáäáíó= íç= ÄÉ= ~ÖêÉÉÇ= ÄÉíïÉÉå= íÜÉ= im^= ~åÇ= íÜÉ=
båîáêçåãÉåí=^ÖÉåÅóK”
Although functionality is often measured by the regularity with which the area floods, it
should also include consideration of the impact that removal or alteration of the floodplain
will have on flood water conveyance and flood levels. Development within these areas
should be avoided. Appropriate uses of Zone 3b areas include water compatible uses as
listed in Table D2 of PPS25. Essential Infrastructure must 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.
On top of this, SFRAs have to ability to identify and extend the 5% (of higher) flood outline
to areas within Flood Zone 2 and 3 in the search of restoring/expanding the Functional
Floodplain. The ability to identify and safeguard land against redevelopment and
development in both urban and rural areas means that open space can be used for flood
storage, targeting Zone 3 policy aims, identified in table D.1 in PPS25. These include:
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•
“Reduce the overall level of flood risk in the area through the layout and form or the
development and the appropriate application of sustainable drainage systems,”
•
“Create space for flooding to occur by restoring functional floodplain and flood
flow pathways and by identifying, allocation and safeguarding open space for flood
storage.”.
5.1.4

Implications for the SFRA
The flood zones for the Plymouth Level 2 SFRA have been defined in accordance with
PPS25 and the potential development areas have been classified accordingly.
It should be noted that there is some uncertainty as to whether a tidal floodplain
connected to an extremely large store (i.e. the sea) can be described as being truly
functional in the same way as a fluvial floodplain is with respect to the storage and/or
conveyance of floodwater, and the potential impact of the loss of this floodplain area (and
storage volume) on downstream flood levels/flows. As a result, it is considered that the
removal of this area from the tidal floodplain would not increase the tidal flood risk
anywhere else and so these tidal floodplain areas should be given the designation of Flood
Zone 3a.

5.1.5

Implications of the Exception Test for the SFRA
The introduction of the Exception Test does not negate the need to apply the Sequential
Test. The Sequential Test must be applied prior to application of the Exception Test to
justify the location of the allocation within the high risk zone. Application of the Sequential
Test should also reduce the number of sites where it will be necessary to apply the
Exception Test, thus reducing Council and developer costs.
The policy frameworks developed as part of the SFRA will inform the draft criteria-based
policies against which planning applications will be considered. This increases the
importance of consultation with the Environment Agency as statutory consultees and of
obtaining their approval of the policies through the SFRA.
In previous SFRAs the sites identified for consideration have been assessed in terms of
sustainability and flood risk. In light of PPS25 this has been extended to include
consideration of whether application of the Exception Test is required or appropriate and
whether it is likely this will be passed in terms of flood risk if a detailed Flood Risk
Assessment is produced.
The focus of an SFRA is the Sequential Test. This SFRA aims to provide information to
inform part c of the Exception Test. This should provide a high level identification of areas
which are most likely to pass clause c. of the Exception Test and those that will probably
not.
The SFRA also includes éêÉäáãáå~êó consideration of whether sites provided for
assessment are brownfield or greenfield, as this is also part of the Exception Test (clause
b). However, it is not for the SFRA to assess whether the site will pass parts a. and b. of
the Exception Test.
Once the Council has identified areas within the high risk zone, which after application of
the Sequential Test need to be retained, it may need to commission a more detailed Flood
Risk Assessment to pass part c. of the Exception Test. It is normally the responsibility of
the developer to provide an FRA with an application. However, an LPA can decide to
commission a detailed, site-specific FRA to help them decide upon allocations in the high
risk zone. The SFRA cannot provide this level of site specific information. The SFRA will
provide detail in areas where models are available and the level of flood risk is high.
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5.2

Flood Risk Vulnerability Classification
In PPS25 different types of development are divided into five flood risk vulnerability
classifications (see Table A- 2 in Appendix B for complete list):
•

Essential infrastructure

•

Highly vulnerable

•

More vulnerable

•

Less vulnerable

•

Water compatible development.

Subject to the application of the Sequential Test, PPS25 specifies which of these types of
development are suitable within each zone:

5.2.1

•

Zone 1: All the uses of land listed above are appropriate in this zone.

•

Zone 2: The water-compatible, less vulnerable and more vulnerable uses of land and
essential infrastructure are appropriate in this Zone. The highly vulnerable uses are
only appropriate in this zone if the Exception Test is passed.

•

Zone 3a: The water-compatible and less vulnerable uses of land are appropriate in
this zone. The highly vulnerable should not be permitted in this zone. The more
vulnerable and essential infrastructure uses should only be permitted in this zone if
the Exception Test is passed.

•

Zone 3b: Only the water-compatible uses and the essential infrastructure that has to
be there should be permitted in this zone. Essential infrastructure in this zone should
pass the Exception Test and be designed and constructed to meet a number of flood
risk related targets. The less vulnerable, more vulnerable and highly vulnerable uses
should not be permitted in this zone.

Implications of the Flood Vulnerability Classification for the SFRA
Following the application of the Sequential Test, it may become apparent that further
testing is appropriate via the Exception Test. PPS25 implies that it is not necessary to
apply the Exception Test to Employment allocations within Zone 3a, therefore
consideration of whether the site is brownfield or greenfield is not necessary under PPS25.
It is important to check Table D2, Annex D in PPS25) T for the full flood risk vulnerability
classification.
The guidance derived by JBA for other SFRAs has already, to some extent, reflected the
variation in flood risk vulnerability of different types of development. This guidance has
been developed further to ensure that it fully reflects the requirements of PPS25 and the
Council.

5.3

Conclusion
PPS25 has significant implications for the guidance produced by the SFRA. However, it
does not affect the level of information provided and most other changes are in
terminology and layout.
The SFRA provides sufficient information to complete the Sequential Test in terms of flood
risk. However it only provides information on where it will be necessary to complete the
Exception Test and areas where clause c. of the Exception Test is most likely to be met. It
will not provide sufficient information to complete the Exception Test. For contenious
sites, in order to demonstrate that the site is deliverable it is recommended that a
preliminary FRA is undertaken prior to allocation.
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6

STRATEGIC FLOOD RISK GUIDANCE

Read this section if you wish to:
Review the principles of considering development in flood risk areas in line with the
planning guidance.
6.1

Introduction
The guidance detailed below has been developed to provide a clear, concise and
consistent means of assessing the feasibility and sustainability of sites and to determine
appropriate flood risk mitigation measures where required. The framework will aid LPAs
and others to assess flood risk associated with allocations and potential development
sites. It will also allow policies on flood risk to be included in the LDDs, which draw upon
national guidance for consistency, but provide the local detail and interpretation of these
national policies.
PPS25 aims to direct development to lower flood risk sites wherever possible. “qÜÉ=~áãë=
çÑ=éä~ååáåÖ=éçäáÅó=çå=ÇÉîÉäçéãÉåí=~åÇ=ÑäççÇ=êáëâ=~êÉ=íç=ÉåëìêÉ=íÜ~í=ÑäççÇ=êáëâ=áë=í~âÉå=áåíç=
~ÅÅçìåí=~í=~ää=ëí~ÖÉë=áå=íÜÉ=éä~ååáåÖ=éêçÅÉëë=íç=~îçáÇ= inappropriate=ÇÉîÉäçéãÉåí=áå=~êÉ~ë=
~í=êáëâ=çÑ=ÑäççÇáåÖI=~åÇ=íç=ÇáêÉÅí=ÇÉîÉäçéãÉåí=~ï~ó=Ñêçã=~êÉ~ë=~í=ÜáÖÜÉê=êáëâKÒ (paragraph
5). Only when the Sequential Test has been employed and new development is,
exceptionally, necessary and no other lower risk sites have been shown to be available
should the Exception Test be applied.
The guidance focuses on the technicalities of flood risk management rather than the other
planning issues an LPA must consider in selecting allocations. It should, therefore, be
assumed that:
•

These other planning issues have been considered separately.

•
For land to be allocated within the high risk zone, the full range of planning issues
has been evaluated.
It should also have been determined through the SEA (Strategic Environmental
Assessment) and SA (Strategic Assessment) that the land is the most suitable for
development.
It must be made clear that this SFRA does not preclude the need for site specific
Flood Risk Assessments. Figure 6 1 highlights the type of development considered
appropriate for each Flood Zone; the development not permitted; the development
allowed only if the Exception Test is passed; and whether a site specific Flood Risk
Assessment is required.
This chapter will present the guidance for Flood Zone 3b; Flood Zone 3a (including
defended and undefended areas, public safety and rapid inundation, and the feasibility of
flood risk mitigation); Flood Zone 2; and Flood Zone 1. It will then discuss issues relating
to other known flood risk areas.
An example of the assessment tabulation for a proposed development area is given in
Table 6-3 at the end of this section.
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Figure 6-1: The Sequential Test: its practical application
6.2

Flood Zone 3b – The Functional Floodplain
In PPS25 only the water-compatible uses are allowed in this Flood Zone. Essential
Infrastructure can only be permitted after the exceptions test is passed. According to
PPS25, developers and local authorities should:
•

Reduce overall level of flood risk in the are through the layout and form of the
development and the appropriate application of sustainable drainage techniques;
and

•

Relocate existing development to land with a lower probability of flooding17.

In addition, according to PPS25, essential infrastructure should:
•

Remain operational and safe for users in times of flood;

•

Result in no net loss of floodplain storage;

•

Not impede water flows;

•

Not increase flood risk elsewhere .

18

17

Communities and Local Government. 2006. mä~ååáåÖ=mçäáÅó=pí~íÉãÉåí=ORW=aÉîÉäçéãÉåí=~åÇ=cäççÇ=oáëâ. December
2006. pg 24
http://www.communities.gov.uk/pub/955/PlanningPolicyStatement25DevelopmentandFloodRisk_id1504955.pdf
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Essential infrastructure needs to pass the Exception Test.
6.3

Flood Zone 3a – High Probability
PPS25 states that the water-compatible uses and less vulnerable development are
allowed in this Flood Zone, following testing within the sequential process. According to
PPS25 highly vulnerable development is not permitted. Essential infrastructure and more
vulnerable development need to pass the Exception Test, while essential infrastructure
should be designed and constructed to remain operational and safe for users in times of
flood.
According to PPS25, developers and local authorities should address the following policy
aims:
•

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;

•

Relocate existing development to land in zones with a lower probability of flooding;
and

•

Create space for flooding to occur by restoring functional floodplain and flood flow
pathways and by identifying, allocating and safeguarding open space for flood
storage

Therefore a presumption for further development in existing floodplains is not supported
by PPS25, and any future SFRA should review existing areas so see if relocation is a
spatially sustainable strategy. The delineation of the subset zones of High Risk Zone 3
may be sufficient to allow the spatial planning process to continue, with development
steered away from these high risk zones.
However, regeneration of land or change in land use behind existing defended areas in the
High Risk Zone will continue to require a more detailed assessment of the flood risk (i.e.
whether the scale of risk is worth taking, and how sustainable and effective the mitigation
measures would be (i.e. whether the risk could be managed). Where, due to wider
sustainable development reasons, there are no other suitable sites available in lower risk
zones then an assessment of the actual risk within Flood Zone 3 is required. Annex G in
PPS25 deals with managing residual flood risk.
Paragraph G2 of PPS25 states that following application of the Sequential Test and
Exception Test for development in Zone 3a a clear examination of the residual risks
should be made and development:=
“pÜçìäÇ= not= åçêã~ääó= ÄÉ= éÉêãáííÉÇ= ïÜÉêÉ= ÑäççÇ= ÇÉÑÉåÅÉëI= éêçéÉêäó= ã~áåí~áåÉÇ= ~åÇ= áå=
ÅçãÄáå~íáçå= ïáíÜ= ~ÖêÉÉÇ= ï~êãáåÖ= ~åÇ= Éî~Åì~íáçå= ~êê~åÖÉãÉåíëI= ïçìäÇ= åçí= éêçîáÇÉ= ~å=
~ÅÅÉéí~ÄäÉ=ëí~åÇ~êÇ=çÑ=safety=í~âáåÖ=áåíç=~ÅÅçìåí=Åäáã~íÉ=ÅÜ~åÖÉKÒ
It would be up to the developer to demonstrate how in planning terms this safety can be
achieved and how the residual risks will be managed. A clear distinction between
commercial flood standards of protection and management of loss of life should be
explored in the FRA. A greater reliance on flood warning may be required, which is not
always a tangible alternative to accepting a lower standard of protection.
In the context of this discussion an undefended area (Figure 6-2) of floodplain is
considered to be an area where the water level for the 1% event will be similar to that in
the relevant watercourse. These areas may be entirely undefended or if defences are
18

Communities and Local Government. 2006. mä~ååáåÖ=mçäáÅó=pí~íÉãÉåí=ORW=aÉîÉäçéãÉåí=~åÇ=cäççÇ=oáëâ. December
2006. pg 24
http://www.communities.gov.uk/pub/955/PlanningPolicyStatement25DevelopmentandFloodRisk_id1504955.pdf
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present they are discontinuous or constructed to a low standard. In these areas guidance
provided in Section 6.3.1 (undefended areas) will be most relevant in assessing
sustainability and determining mitigation requirements.

Predicted 1% flood level.
Fully inundates the floodplain,
as shown on Flood Zone Map

River

Defence

Floodplain

Figure 6-2: Illustration of the undefended area case, where the standard of
protection is low and floodplain is small and fills to the same level as the river
A defended area (Figure 6-3) is considered to be an area of floodplain where the defences
will result in a water level for the 1% fluvial or 0.5% tidal event that is considerably lower
than in the source watercourse. This means the defences substantially (but not
necessarily completely) mitigate the flood risk associated with the 1% fluvial/0.5% tidal
event. These areas will be defended to a minimum standard promoted by Defra but not
always necessarily to the 100 year fluvial/200 year tidal standard. In these areas guidance
provided in Section 6.3.2 (defended areas) will be most relevant in assessing sustainability
and determining mitigation requirements.
Areas Benefiting from Defences is the next generation of information to be provided by the
Environment Agency on their Flood Map. For the purposes of future application of this
guidance the standard of protection provided by the Environment Agency or from an
assessment from an existing or new model would suffice. Areas which are defended will
be protected by recent flood management schemes, and therefore well known to
Environment Agency staff.

Level inferred by Flood Zone
Map

River

Defence

Floodplain

Lower
residual
risk area

Level calculated from breach
or overtopping modelling

Figure 6-3: Illustration of the defended area, where the overtopping or breach volume
is small compared to the floodplain receptor and allows a refined assessment of
residual risk
6.3.1

Undefended Areas – Flood Risk Mitigation
Within undefended or poorly defended Zone 3a areas, floor levels for housing
developments should, as a minimum, be situated above the acceptable standard of safety
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with sufficient freeboard to account for uncertainties in flood level prediction and climate
change.
The following paragraphs define an appropriate standard of flood risk mitigation in
undefended areas in the context of this SFRA.
The Sequential Test should be applied within the development site area, and it is
considered appropriate to direct more vulnerable land uses to parts of the site at less
probability and higher residual risk of flooding. The lower floors of buildings in areas at
both medium and high probability of flooding should seek to develop water-compatible
and less vulnerable land uses, including car parks or other public areas consistent with
Appendix Table B-2.
Housing developments (more vulnerable development) should provide a minimum
habitable space floor level above the estimated 1% year water level with the addition of
allowances for modelling uncertainty and climate change (i.e. freeboard). This may be
achieved by providing car parking or other public areas at ground floor level
Employment development (less vulnerable development) should provide a similar standard
of flood defence as housing developments. Within undefended or poorly defended Zone
3a areas, employment development should remain dry during the 1% event (or breach
scenario where defences are in poor condition), with sufficient freeboard to account for
uncertainties in flood level prediction and climate change. Developers will need to
carefully consider the commercial viability of developing in these areas. In exceptional
circumstances, where there is significant planning justification for development and the
provision of this standard of defence is not feasible, a greater acceptance of flood risk
may be permitted for less vulnerable development in areas of high probability of flooding
with the focus on providing safety to occupants, flood proofing and designing buildings to
minimise flood damage.
Flood resilient construction may be considered in circumstances where there is a low
probability of limited shallow depth water entry and buildings are not subjected to severe
inundation depths. This type of construction is designed to reduce the consequences of
flooding and facilitate recovery from the effect sooner than conventional buildings.
This may be achieved ‘through the use of water-resistant materials for floors, walls and
fixtures and the sitting of electrical controls, cables and appliances at a higher than normal
19
level’ and flood resistant construction to either reduce the amount of water or prevent
entry of water into a building where resistant techniques are used. A means of safe
access and egress in times of flooding must be provided, especially when considering
those with restricted mobility.
Whilst the basic level of protection afforded to residential and commercial development is
the same, it is clear that approaches to how residual risk is managed may differ between
these two types of developments. For residential development residual risk is a societal
issue, for which a presumption of avoidance and removal is appropriate. Hence a
significant freeboard should be incorporated into housing development floor levels,
whereas for a commercial property the end user and insurer can assess and transfer this
residual risk as appropriate. Therefore commercial and employment uses have a suitably
different approach to the management of the residual risk, above that provided by the
basic mitigation works. The onus would be on the local authorities to determine whether
these risks are acceptable, in conjunction with advice from the Environment Agency.
PPS25 advocates a risk based approach linked to vulnerability, and does not provide a

19

Communities and Local Government. 2006. mä~ååáåÖ=mçäáÅó=pí~íÉãÉåí=ORW=aÉîÉäçéãÉåí=~åÇ=cäççÇ=oáëâ. December
2006. pg 38
http://www.communities.gov.uk/pub/955/PlanningPolicyStatement25DevelopmentandFloodRisk_id1504955.pdf
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prescriptive set of flood protection standards. Wherever possible as high a standard
should be provided, but in exceptional circumstances, where alternative or complementary
flood risk management measures can be taken and are sustainable, a lower standard may
be acceptable. Care must be taken that such an approach would not result in future
public expenditure on retrospective flood alleviation measures. Therefore this approach is
exceptional and only applicable in limited locations where the flood risks are fully
understood.
Isolated small greenfield developments may be sustainable in terms of their impact on
floodplain storage and conveyance, however the cumulative effects of many small
developments can be large and greenfield sites must be viewed within a wider
perspective.
The feasibility of mitigation measures may be assessed in accordance with the guidance
established in Section 6.3.4.
6.3.2

Defended Areas – Flood Risk Mitigation
Within defended areas flood risk is primarily associated with overtopping and breach of
defences (and localised flooding associated with drainage systems in some locations).
These risks are related to the likelihood (standard of protection and structural integrity of
defences) and consequences of flooding (depth, speed and duration of flooding, velocity
of flood waters, and land use within defended area).
The likelihood of overtopping can be estimated by comparison of modelled water levels
(where available) and defence crest levels. An indication of the likelihood of defence
breach can be gained by reviewing the flood defence condition data held within the
National Flood and Coastal Defence Database (NFCDD) and more detailed surveys and
investigations undertaken by the Environment Agency and/or others. The consequences
of defence overtopping or breach failure can be estimated using flood inundation
modelling and mapping.
For developments to proceed it must also be shown that the development will not increase
flood risk elsewhere through a loss of breach storage or conveyance. Flood risk must be
reduced or kept at current levels as contained in the Regional Spatial Strategy (RSS) policy
statement.
The feasibility of mitigation measures may be assessed in accordance with the guidance
established in section 6.3.4.
Housing developments (more vulnerable development) should provide, as a minimum,
habitable space floor level above the estimated 1% fluvial (0.5% tidal) event water level
with the addition of allowances for modelling uncertainty and climate change (i.e.
freeboard). This may be achieved by providing car parking or other public areas at ground
floor level. A means of safe access and egress in times of flooding must also be provided.
Employment development (less vulnerable development) should provide a similar standard
of flood defence as housing developments. Within undefended areas, employment
development should remain dry during the 1% fluvial or 0.5% tidal event (or breach
scenario where defences are in poor condition), with sufficient freeboard to account for
uncertainties in flood level prediction and climate change. Developers will need to
carefully consider the commercial viability of developing in these areas. In exceptional
circumstances, where there is significant planning justification for development and the
provision of this standard of defence is not feasible, a greater acceptance of flood risk
may be permitted in employment areas with the focus on providing safety to occupants,
flood proofing and designing buildings to minimise flood damage.
Whilst the basic level of protection afforded to residential and commercial development is
the same, it is clear that approaches to how residual risk is managed may differ between
these two types of developments. For residential development residual risk is a societal
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issue, for which a presumption of avoidance and removal is appropriate. Hence a
significant freeboard should be incorporated into housing development floor levels,
whereas for a commercial property the end user and insurer can assess and transfer this
residual risk as appropriate. Therefore commercial and employment uses have a suitably
different approach to the management of the residual risk, above that provided by the
basic mitigation works. The onus would be on the local authorities to determine whether
these risks are acceptable, in conjunction with advice from the EA. PPS25 advocates a
risk based approach linked to vulnerability, and does not provide a prescriptive set of
flood protection standards. Wherever possible as high a standard should be provided, but
in exceptional circumstances, where alternative or complementary flood risk management
measures can be taken and are sustainable, a lower standard may be acceptable. Care
must be taken that such an approach would not result in future public expenditure on
retrospective flood alleviation measures. Therefore this approach is exceptional and only
applicable in limited locations where the flood risks are fully understood. However,
without this exception route development on brownfield land or regeneration of town
centres may be at risk.
Isolated small greenfield developments may be sustainable in terms of their impact on
floodplain storage and conveyance, however the cumulative effects of many small
developments can be large and greenfield sites must be viewed within a wider
perspective.
The feasibility of mitigation measures may be assessed in accordance with the guidance
established in Section 6.3.4.
Overtopping
Areas where the standard of protection is less than 1% fluvial (0.5% tidal) are defined as
undefended by this SFRA and the guidance provided in Section 6.3.1 should be applied.
Where assessments show an area to be at risk of defence overtopping in the 1% fluvial
event or 0.5% tidal event (with climate change), measures should be employed to mitigate
the risk. Where floor level raising is the preferred mitigation technique, minimum floor
levels for housing developments should be set above the estimated water level that would
result behind the defences (with an allowance for uncertainty and climate change). In
exceptional circumstances, where there is significant planning justification for
development and the provision of this standard of risk mitigation is not feasible, a lower
degree of flood risk mitigation may be permitted in employment developments with the
focus on providing safety to occupants, flood proofing and designing buildings to
minimise flood damage.
A maximum inundation depth of 0.6 m is considered appropriate for the 1% event with the
addition of allowances for modelling uncertainty and climate change. Minimum floor levels
may be lower than the main river level if the floodplain is large.
Where the defences consist of earth embankments, overtopping of the defences is likely
to lead to erosion and weakening of the defence structure. In these circumstances failure
of the defences is considered highly probable and an assessment of the consequences of
defence breach is also required.
Breach
Where the defences are shown to be at risk of overtopping (as above) and/or NFCDD data
or additional information indicate that the flood defences are in poor or very poor
condition, for the purposes of the SFRA it is assumed that there is a reasonable likelihood
of defence breach in a major flood event during the lifetime of any new development. A
high degree of flood risk mitigation needs therefore to be provided or it may be that due to
high risk the location is deemed to be unsuitable for development. If mitigation measures
are acceptable, then minimum floor levels in housing developments should be set above
JBA Consulting
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the estimated maximum breach water level for the 1% fluvial event or 0.5% tidal event
with allowance for climate change and other uncertainties.
In locations where the defence is of a high standard, both in terms of stability and height,
then the probability of a breach occurring is reduced and hence the risk reduces as well.
The overall probability of the consequences associated with a breach occurring extend to
the extreme end of the risk continuum. This does allow a more considered approach to
residual risk, and some flooding of non-sensitive or vulnerable developments may be
considered acceptable.
Where the defences are shown to provide a standard of protection greater than the 1%
fluvial event or 0.5% tidal event (with climate change), NFCDD data indicate that the
defences are in good or very good condition, and there is an absence of detailed survey
data to suggest otherwise, for the purposes of the SFRA it is assumed that the likelihood
of defence failure in a major flood event is low. With the defences mitigating risk
substantially, a lesser degree of site-based flood risk mitigation may be adopted, with the
focus on providing safety to the development and its occupants from residual risks. For
housing developments it is recommended that minimum floor levels be set to the
maximum breach level for a 1% event less 300 mm, or 600 mm above natural surface
level, whichever is greater.
A maximum inundation depth of 0.6m is considered appropriate when combined with the
1% fluvial event or 0.5% tidal event and a breach in these well defended areas in
employment developments under these circumstances after consideration of uncertainty
and climate change has been added to the minimum floor levels. Identification of the
rapid inundation zone is essential in these circumstances, before deploying a relaxation of
the residual risk accepted within the design. In comparison to residential areas, where
societal risks are generally designed out, it is considered appropriate to possibly transfer
these residual risks via insurance or resilience in the design of the commercial use.
The effects of land raising within defended areas on potential breach risk also warrants
careful consideration in the flood risk assessment. In confined floodplains where breach
levels approach those in the main river, land raising is unlikely to have any impact on
breach water levels and extents. However, where the floodplain is not confined by natural
high ground or secondary defences, or where the passage of breach floodwater is
restricted by partial barriers such as road or rail embankments, and consequently breach
levels do not approach the main river level, then there is potential for land raising to lead to
an increase in flood risk (extent and depth of breach) elsewhere. The potential for
increasing breach related flood risk elsewhere is directly related to the loss of breach
storage volume and conveyance, and single, small-scale developments are unlikely to
have a significant impact. However, the cumulative effect of individual development
proposals needs to be considered. Quantitative assessment of these effects may require
detailed breach modelling to be undertaken in individual flood risk assessments. This
guidance is not restricted to Zone 3a and applies to any site that is located with a
defended area that is at risk flooding from defence failure.
6.3.3

Public Safety and Rapid Inundation
For all Zone 3a allocations, and particularly in defended areas where a development site is
close to a defence (i.e. within 500m), consideration must be given to residual risks and the
risk to public safety associated with access and egress from properties. Residual risks are
those associated with very low likelihood events, such as events of frequency less than
1%/0.5% annual exceedance probability and failure of defences where defences provide a
high standard of protection.
Development should not be sited where these risks unduly threaten public safety and/or
the structural integrity of buildings and infrastructure. Consideration of the depth of
flooding, flow velocity, rate of inundation and safe access / egress is required to assess
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these risks. .
overtopping.

This assessment is applicable to areas at risk from both breach and

There is a range of research and guidance available on flood hazards and public safety.
Defra / Environment Agency Flood and Coastal Flood Defence Research and Development
Programme, Project FD2317, Flood Risks to People consolidates flood hazard research
from many sources.
The most recent flood hazard formula proposed by Phase 2 of the Risks to People Project
is:
Flood hazard = d.(v+0.5) +DF
Where:
d is depth m
v is velocity ms-1
DF is the debris factor with a value of 0-1 (
In urban areas DF = 0 if depth of flooding <0.25m, and DF = 1 if depth of flooding (d)
-1
>0.25m and/or velocity (v) >2ms
A number of flood hazard thresholds have been identified describing a flood hazard as
“a~åÖÉêçìë= Ñçê= ëçãÉ”, “a~åÖÉêçìë= Ñçê= ãçëí” and “a~åÖÉêçìë= Ñçê= ~ää”. At present the
lower threshold for “Ç~åÖÉêçìë=Ñçê=ëçãÉ” of 0.75 is appropriate with a conservative upper
threshold of 1.5. The threshold of 2.5 for “a~åÖÉêçìë= íç= ~ääÒ has been set with a less
conservative view (see Table 6-1).
Table 6-1: Flood Hazard Thresholds
Flood Hazard d.(v+0.5)+DF

Description

0

Safe (dry)

Alternative Name
/ Hazard Class
None

Caution

Low

0 to 0.75

“Flood zone with shallow flowing water or
deep standing water”
0.75 to 1.5

Dangerous for some (ie. children & elderly)

Moderate

“Danger: flood zone with deep or fast
flowing water”
1.5 to 2.5

Dangerous for most

Significant

“Danger: flood zone with deep fast flowing
water”
Over 2.5

Dangerous for all

Extreme

“Extreme danger: flood zone with deep fast
flowing water”

For the purpose of the SFRA it is considered appropriate to provide a low hazard
environment in access and egress routes associated with new housing developments. EA
guidance suggests that all development should have a dry access and egress in the 1%
fluvial or 0.5% tidal event. This should be the aim, but in exceptional circumstances a low
hazard condition may be acceptable if the flood warning is robust. Greater depth and
velocity may be permitted where elevated access / egress to safe ground is provided.
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6.3.4

Feasibility of Flood Risk Mitigation
Where allocations remain in high risk flood zone areas for other material considerations, it
needs to be demonstrated that technically feasible flood mitigation options are available.
A fuller appreciation of the sustainability of the site and its mitigation measures will be
addressed via the Sustainability Appraisal. These measures must be designed to provide
an appropriate level of flood mitigation to a site for the lifetime of the development. At
most sites it is technically feasible to mitigate or manage flood risk (if potential off-site
impacts are ignored), however the measures required may result in some practical
constraints on development and/or require significant financial cost where flood risk is
high.
The fact that mitigation measures are discussed in this SFRA should not be taken as a
presumption that the Sequential Test has been short-circuited. It is included to give a
fuller picture of the implications of allocating a site, and for use in the subsequent SA.
Often the determining factor in deciding whether a particular development can or cannot
proceed is the financial feasibility of flood risk mitigation rather than technical limitations.
Detailed technical assessments are required in the detailed site-based FRA to assess this
feasibility, together with a commercial review by the developer of the cost of the mitigation
works. However it is important at the SFRA stage that allocations or areas where there is
little or no chance of feasible flood risk mitigation are not recommended, because doing
so could have an adverse impact on the achievement of development targets in the UDP
or LDF.
At the SFRA stage broad assumptions are therefore required regarding the feasibility of
flood risk mitigation to ensure that only sites with realistic development potential are put
forward. In this context the assumptions shown in Table 6-2 have been made. It is
assumed that floor level raising will continue to be the traditional mitigation measure. This
table refers to depths of flooding before mitigation measures are put in place and should
not be mistaken as acceptable levels of flooding after mitigation. Thought will also be
required to ensure dry access and egress is available during the 1 in 100 year fluvial or
0.5% tidal event.
Table 6-2: Screening Criteria for Mitigation Measures
Current depth of
inundation at the
proposed site*
0.0 to 1.0 m

Comments

Mitigation and management may be feasible for both
housing and employment purposes. Allocations may be
retained.

1.0 to 1.5 m

Mitigation is likely to be costly and may not be
economically justifiable for low value land uses. Housing
allocations are considered appropriate, provided flood risk
can be managed or mitigated (e.g. by using lower levels
for car parks or public areas). Floor level raising for
employment purposes is unlikely to be economically
viable and therefore employment allocations should be
reconsidered in favour of alternative lower risk sites.

Above 1.5 m

Flood risk mitigation measures are unlikely to be
economically justifiable and both housing and
employment allocations should be reconsidered in favour
of alternative lower risk sites.
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Table 6-2: Screening Criteria for Mitigation Measures
Current depth of
inundation at the
proposed site*

Comments

Table-Notes* Based on predicted depth of inundation for the 1% fluvial or 0.5% tidal event with
climate change, or from a breach event in the prime defence without land filling or floor level
raising.
Mitigation measures including first floor accommodation and the attendant access and egress
measures, and where appropriate, land platform raising.

It is recognised that in some locations urban regeneration and redevelopment will be
essential to maintain the long term viability and vitality of communities and the balance of
the raft of planning considerations may support redevelopment.
These social
considerations may justify a relaxation of the screening criteria set out above and the
retention of housing and employment allocations in certain areas. In these instances the
commercial viability of the development and risks to public safety will need to be given
careful considerations during the planning of the development. A range of flood
management and flood proofing measures are available that can reduce the financial
impacts of flooding.
Whilst flooding mitigation measures can be implemented in most sites, it is worth noting
that in some instances the findings of individual FRAs may determine that the risk of
flooding to a proposed development is too great and mitigation measures are not feasible.
In these instances, the development will be subject to an objection by the Environment
Agency.
6.4

Flood Zone 2 – Medium Probability
Zone 2 is considered suitable for water-compatible, less vulnerable, more vulnerable and
essential infrastructure. Highly vulnerable development is only allowed where the
Exception Test is passed.
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 techniques.
For highly vulnerable development in Flood Zone 2, this SFRA will also indicate whether
part c. of the Exception Test is most likely to be met (see Section 6.2).
Where development is implemented, floor levels should be situated, as a minimum, above
the 1 in 100 year peak flood level with sufficient freeboard to account for inherent
uncertainties with respect to flood level prediction and potential climate change scenarios.
A site based Flood Risk Assessment should be undertaken at the planning application
stage to facilitate the delineation and definition of the 1 in 100 year flood envelope.

6.5

Flood Zone 1 – Low Probability
In accordance with PPS25, all development (essential infrastructure, highly vulnerable,
more vulnerable, less vulnerable and water-compatible development) is allowed in Flood
Zone 1.
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.
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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.
In situations where a known flooding problem has been identified downstream, controls
will be required to ensure that the proposed development does not result in a worsening of
existing flooding conditions (refer to Section 6.6 below).
6.6

Other Known Flood Risk Areas
In certain locations an increase in the rate of runoff and/or volume from a new
development situated upstream of an area that is known to be susceptible to localised
flooding (e.g. as a result of problematic surface water drainage or local watercourse or
hillside flooding) may exacerbate the degree of flood risk to that downstream area.
Such areas will be sensitive to the drainage system implemented with that particular
development site, as the drainage system will determine site runoff rates and volumes.
These areas have been termed Drainage Sensitive Areas and include the following
locations:
•

Sites situated upstream of an area that is known to be susceptible to localised
flooding

•

Sites situated upstream of previously designated Critical Ordinary Watercourses
(COWS).

The council, the Environment Agency and others have provided site specific comments
relating to historical/drainage issues/requirements, which can be found in allocation tables
for those sites located in flood zones 2 and 3.
The capacity of urban drainage infrastructure is often limited and at or near capacity under
existing conditions. Development that leads to increased peak runoff within the drainage
catchments may lead to infrastructure capacity being exceeded, with the potential for
increased flood risk. The original identification of critical ordinary watercourses (COWs)
assembled known problem areas, and as such should be used as an immediate flag that
any development draining into that watercourse or upstream catchment should be
investigated thoroughly. A detailed FRA would be expected regardless of which Flood
Zone applies. Some of the issues on former COW’s may have been studied in more detail
or addressed through maintenance or scheme works. Advice from the Environment
Agency should always be sought in these catchments.
New developments upstream of these areas must be managed effectively to ensure that
the impact upon downstream properties is fully mitigated. Wherever possible, this should
be achieved through the implementation of a sustainable drainage or flow retention
system, constructed within the boundaries of the development site.
In adopting the precautionary approach it is therefore considered prudent to manage all
development within the catchments of COWs, to ensure peak discharges do not increase
and potential impacts on downstream properties are fully mitigated. Ideally, the local
planning authority should work closely with the Environment Agency, sewerage
undertakers and developers to enable surface-water runoff to be controlled as near to the
source as possible, with the aim being that any Greenfield developments do not increase
the runoff from the undeveloped situation and for Brownfield sites that re-developments
lead to a reduction in existing runoff rates. Wherever possible, this should be achieved
through the implementation of a sustainable drainage or flow retention system,
constructed within the boundaries of the development site.
A flood risk assessment will be required in each instance to design appropriate mitigation
measures and demonstrate that the development will not adversely affect existing flooding
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conditions. The FRA should define and address the constraints that will govern the design
of the drainage system.
The effectiveness of a flow management scheme within a single site is heavily limited by
site constraints including (but not limited to) topography, soils, geology, and available
area. The design, construction and ongoing maintenance regime of such a scheme must
be carefully defined, and a clear and comprehensive understanding of the catchment
hydrological processes (i.e. nature and capacity of the existing drainage system) is
essential. In these areas a flood risk assessment will be required that demonstrates that
the proposed development will not adversely affect existing flooding conditions either
alone or in combination with other development.
At the planning application stage, discussions should be held with the Environment
Agency, the Local Planning Authority and South West Water to ascertain the specific
nature and most appropriate means of managing the flood risk.
The integration of drainage management is highlighted within the Defra strategy for flood
and coastal erosion risk management in England, detailed within the consultation
20
document ‘Making space for Water’ . The strategy aims to achieve better overall
management of surface water drainage through better co-ordination between the different
bodies.

20

Defra. 2004. j~âáåÖ= pé~ÅÉ= Ñçê= t~íÉêX= aÉîÉäçéáåÖ= ~= åÉï= dçîÉêåãÉåí= ëíê~íÉÖó= Ñçê= ÑäççÇ= ~åÇ= Åç~ëí~ä= Éêçëáçå= êáëâ=
ã~å~ÖÉãÉåí=áå=båÖä~åÇI=^=Åçåëìäí~íáçå=ÉñÉêÅáëÉK=
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Table 6-3 Example site classification with explanatory comments
Site Classification

Explanatory comments

Site:

EX1 Example

Unique development area ID and site description

Size (ha):

2

Site Area

Reference:

Haywards, LDF 2006

Site description and source of information

EA Flood Zones:

FZ2 <1%, FZ3a –
95%

Details
the
approximate
percentages
of
the
development zone/area which falls within the current
Environment Agency Flood Zones 2 and 3.
The
percentages provided for FZ 2 should be added to those
for FZ 3a and 3b to get total percentage area for FZ2.
Similarly percentages for FZ 3a and 3b should be added
to get total percentage area for FZ 3.
The majority of this site is located within the high risk
Flood Zone 3. In accordance with the Sequential Flood
Risk Test alternative sites should be considered in
preference to this site. If this development of an
employment site is required to meet the wider aims of
sustainable development, it is necessary to apply the
Exception Test.

LiDAR projected
Flood Zones

FZ2 - <1%, FZ3a –
90%

Details the percentages of the development zone which
falls within the LiDAR projected Flood zones 2 and 3
(based on predicted extreme still water tide level).
Majority of site within high risk flood zone 3

Tidal/fluvial

Tidal

The nature of the flood risk to this site is predominantly
tidal.

Projected flood
depth in metres
(200 yr & 1000 yr
tidal event)

Min 0m, Average
<1m, Max <1m

Estimation of depth of flooding (in metres), based on
tidal level projection with LiDAR DEM (undefended) for
the 200 yr and 1000 yr tidal event (still water). All
predicted flooding is less than 1m in depth, therefore
sustainable mitigation may be feasible.

Defended:

Status: undefended,
SoP: N/A

Details defence status of the site together with standard
of protection (SoP), if applicable. An undefended site.

Historical flooding /
Drainage issues:

Drainage could be a
problem (site near
Swinney Beck, a
former COW)

A history of flooding or specific drainage issues provide
an alternative pressure on development with regards to
flood risk. In this case the site is situated near a former
Critical Ordinary Watercourse (COW), highlighting the
need for extra drainage requirements.

Soil and geology
map data

Drift from Palaeozoic
sandstone and shale.
Deep well drained fine
loamy soils and
similar soils with
slowly permeable
subsoils and slight
seasonal
waterlogging. Some
coarse loamy soils
affected by
groundwater.

Soil and geology maps have been used to identify the
sites suitability for infiltration based Sustainable
Drainage Systems (SuDS).

JBA Consulting
ïïïKàÄ~ÅçåëìäíáåÖKÅçKìâ=
N:\2006\Projects\2006s2015 - Plymouth City Council - Level 2 SFRA for Millbay and Stonehouse, Plymouth\Reports\Project reports\Full report with
PPS25\Digital deliverables (Jan 08)\2006s2015 Plymouth Level 2 SFRA Final Report v19 (8 Jan 08).doc: 15/01/2008

46

Plymouth City Council
Plymouth Level 2 Strategic Flood Risk Assessment
Final Report

Site Classification

Explanatory comments

Site:
Indicative suitability
for SuDS:

EX1 Example

Unique development area ID and site description

Medium

SuDS are suitable for this site. This is the suitability of
infiltration based drainage systems. The application of
other SuDS principles (inc. storage) may also be
applicable.

Brown / Greenfield:

Brownfield

Consideration of current land use is required by the
council to justify the development type under part b. of
the Exception Test.
Greenfield = not previously
developed. Brownfield – previously developed.

Additional
information:

Flood warning : No

Any other information on site, including whether the
area is part of a formal or informal flood warning system
maintained by the Environment Agency (with
Environment Agency flood warning area code).
Proposed development purpose specific from Plymouth
City Council Vision diagram.

Exception Test
application

Yes

Proposed
employment area

The potential need for the Exception Test is based
solely on the proposed land use(s) for the whole area
from the Plymouth City Council Vision diagrams and its
flood risk vulnerability classification and flood zone
compability according to PPS25.
For the purpose of this SFRA it is assumed that less
vulnerable developments, such as this, are also subject
to the Exception Test. This is considered a proactive
approach, developing good consistent practice to
managing flood risk and development.

Issues and
recommendations:

FRA needed – Yes, If
site is used for more
or highly vulnerable or
essential
infrastructure (& less
vulnerable for this
SFRA).

A site specific Flood Risk Assessment (FRA) is required
to determine actual flood risk and how residual risk
would be managed. However, although the site is
brownfield, in this instance the site is located within a
high risk zone.

Brownfield, but 95% in
FZ 3a; need to
consider residual risk
(mitigation measures),
sustainable
development
objectives, etc.

The council must demonstrate the need for
development through the spatial planning process and
address elements a. and b. of the Exceptions Test.

Complete Exception
Test
Mitigation and
management may be
feasible for
employment purposes
only.

Recommendations to the council for the development
site.

A Flood Risk Assessment will be required to assess the
actual level of risk for this site and address elements c.
of the Exception Test. The assessment will usually be
undertaken by the potential developer of the site.
If the site is considered to be critical to regeneration, for
example, then the Council can opt to undertake an
outline Flood Risk Assessment in order to first justify
the sustainability of the development type. In this
circumstance the council will also need to consider
whether a lower standard of protection is acceptable for
this development.
An indication of whether mitigation might be feasible,
given the proposed use of the development zone/area
from the Plymouth City Council Vision diagrams. An
element of the Exception Test.
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7

EAST END ASSESSMENT

7.1

Introduction
The East End area is susceptible to predominantly tidal flooding from the River Plym
estuary. Some areas may also be at risk of more localised flooding resulting from
surcharging of the sewer systems (which might also be affected by tide locking and/or
high sea levels) or as a consequence of direct rainfall accumulating on the impermeable
surfaces of the built-up environment.
Figure F1- 1 shows the location of each development zone within the East End area. Each
development zone has been attributed with a unique code number which appears on the
figures and in the tables below for reference purposes. Figure F1- 2 shows the East End
development zones together with the current Environment Agency Flood Zones 2 and 3
outlines, which are known to have been derived from a number of sources and are not
necessarily consistent or particularly accurate in some areas. Figure F1- 3 shows the
predicted 20 year tidal flood outline based on the projection of a still water sea level onto
the LiDAR DTM.
Flood depths have been calculated for each development zone within the 0.5% AEP (200
year) and 0.1% AEP (1000 year) tidal flood outlines. This has been done using the
projection of estimated extreme tidal still water levels derived from published reports onto
the LiDAR DTM of the area, rather than from the current Environment Agency tidal flood
zone maps given the inconsistencies mentioned above. A more detailed description of the
methodology associated with calculation of these depths is provided in Section 4.9. The
results for each development zone are documented in the tables below and are also
presented in a series of figures. Figure F1- 4 and Figure F1- 5 show undefended flood
extents and depths calculated from tidal still water level projection data (for the 200 year
tidal flood event). Figure F1- 6 and Figure F1- 7 show undefended flood extents and
depths calculated from tidal still water level projection data (for the 1000 year tidal flood
event). Figure F1- 8 and Figure F1- 9 show the comparison between the Environment
Agency tidal flood zones 3 and 2, together with the LiDAR projected 200 year and 1000
year flood extents respectively. In most areas the two extents are very similar, though in
some areas the extents do differ.
Figure F1- 10 to Figure F1- 12 show the flood extent and flood depths calculated using
JFLOW modelling of an overtopping scenario in the vicinity of western end of Laira Bridge
(at OS grid reference SX5006 5430) for the 200 year tidal flood event for the present day,
2050 and 2110). Figure F1- 13 to Figure F1- 15 show the flood extent and depths
calculated using JFLOW modelling of a 20m wide breach scenario in the vicinity of
western end of Laira Bridge (OS grid reference SX5006 5430) for the 200 year tidal flood
event for the present day, 2050 and 2110.
A detailed description of the
breach/overtopping work is given in section 7.4. Figure F1- 10 to Figure F1- 15 have
utilised the unfiltered LiDAR DEM, i.e. with the existing buildings, roads, embankments,
walls and defences in place, to represent a more realistic ‘developed’ landscape.
The flood depth, in particular, provides an indication of the hazard level that the receptors
(i.e. people, property, infrastructure) have to a particular extreme flood event. The flood
depth also permits an assessment of whether or not it might be economically feasible to
manage the flood risk through the use of mitigation measures.
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7.2

East End: Flood Zone 1
The development zones located entirely within Flood Zone 1 have a low probability of
flooding. This means that the land has been assessed as having a less than 1 in 1000
chance of sea/tidal flooding in any year (<0.1%). All development types in Flood Zone 1
do not require a specific flood risk assessment, unless the proposed development site is
greater than 1 hectare (ha) in area. A full description of the flood risk zones and the types
of development that are appropriate to them is given in Appendix A1.
Unique ID
EE00
EE02
EE07
EE08
EE10
EE11
EE12
EE15
EE16
EE20
EE21

7.3

Site
Enhance natural and archaeological heritage features
Mixed use development
Enhance natural and archaeological heritage features
Enhance natural and archaeological heritage features
Enhance natural and archaeological heritage features
Enhance natural and archaeological heritage features
Enhance natural and archaeological heritage features
Mixed use regeneration
Mixed use regeneration
Unassigned
Enhance natural and archaeological heritage features

Area (ha)
0.21
6.28
0.28
0.92
0.69
0.86
0.85
13.27
1.23
2.56
0.28

East End: Flood Zones 2 and 3
Development zones containing Flood Zone 2 areas are designated as having a medium
probability of flooding. This means that the development zone comprises land assessed
as having between a 1 in 200 and 1 in 1000 chance of sea/tidal flooding (0.5%-0.1%) in
any year.
Development zones containing Flood Zone 3a areas are designated as having a high
probability of flooding. This means that the development zone comprises land assessed
as having a 1 in 200 or greater chance of sea/tidal flooding (>0.5%) in any year.
Development zones containing Flood Zone 3b areas are designated as being part of the
functional floodplain. This means that the development zone comprises land where water
has to flow or be stored in times of flood.
A full description of the flood risk zones and the types of development that are appropriate
to them is given in Appendix A1. A detailed explanation of the individual rows in the
following development zone assessment tables is given in 3.3.5.
Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:

EE01 Port and marine related employment
33.66
Local Development Framework (August 2006)
FZ2 – 10%, FZ 3a – 10% [Fig F1-2]
FZ2 – 4%, FZ3a – 10% [Fig F1-4 & F1-6]
Tidal
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F1-5]
Min: 0.00
Average: < 1
Max: >1.5 [Fig F1-7]
Status: Undefended
SoP: N/A
None reported
Soil: Silty over limestone
Drift Geology: Alluvium (some), otherwise absent
Solid Geology: Devonian limestone
Possible contaminated land from old industrial sites
Medium
Brownfield
Flood Warning Area: Yes (FWA code 1T1a)
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Site:

Exception Test Applicable?
Issues and recommendations:

EE01 Port and marine related employment
Proposed for port and marine related development (water compatible and less
vulnerable development)
Yes- especially if the site (or parts of it) is proposed for more vulnerable
infrastructure.
Brownfield and 80% in FZ 1. Indicative depth of flooding (FZ3) is <1m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Mitigation and management may be feasible for employment purposes ((e.g.
land raising, floor raising). Remove any more vulnerable development from
FZ3 areas.

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zone
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:
Exception Test Applicable?:
Issues and recommendations:

EE03 – Mixed use regeneration
3.64
Local Development Framework (August 2006)
FZ2 – <1%, FZ3a – 15% [Fig F1-2]
FZ2 – 5%, FZ3a – 20% [Fig F1-4 & F1-6]
Tidal
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F1-5]
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F1-7]
Status: Undefended
SoP: N/A
None reported
Soil: Silty over limestone
Drift Geology: Alluvium (some), otherwise absent
Solid Geology: Devonian limestone
Possible contaminated land from old industrial sites
Medium
Brownfield
Flood Warning Area: Yes (FWA code 1T1a)
Proposed for mixed use regeneration (less vulnerable development)
Yes- especially if the site is used for more vulnerable infrastructure.
Brownfield and 80% in FZ1. Indicative flooding depth <1m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Mitigation and management may be feasible for employment purposes (e.g.
floor raising, land raising). Remove any more vulnerable development from
FZ3 areas. Consider water compatible uses for FZ3 area to safeguard open
spaces for water storage.

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /

EE04 – Mixed use regeneration
9.69
Local Development Framework (August 2006)
FZ2 - 1%, FZ3a – 20% [Fig F1-2]
FZ2 - <1%, FZ3a – 20% [Fig F1-4 & F1-6]
Tidal
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F1-5]
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F1-7]
Status: Undefended
SoP: N/A
Localised roadway flooding. Reported problem of reduced discharge of
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Site:
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:
Exception Test Applicable?:
Issues and recommendations:

EE04 – Mixed use regeneration
sewer water during extreme tide locking
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Possible contaminated land from old industrial sites
Medium
Brownfield
Flood Warning Area: Yes (FWA code 1T1a)
Proposed for mixed use regeneration (less vulnerable development
Yes- especially if the site is used for more vulnerable infrastructure.
Brownfield and 75% in FZ1. Indicative flooding depth (FZ3) <1m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
The council will also need to consider whether a lower standard of protection
is acceptable for Flood Zone 3 development or water compatible use for
Flood Zone 3 areas.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Agreement of FZ3b definition and extent needed, if appropriate, with the EA
Proposed strategic transport route would influence flood risk on this area and
provide opportunities for mitigation to new and existing development at risk.
The management of residual risk for this proposal (including formal flood
defence, defence maintenance and control of excess runoff) would require
careful consideration.
Mitigation and management may be feasible for employment purposes (e.g.
land raising, floor raising).

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:

Exception Test Applicable?:
Issues and recommendations:

EE05 – Enhance natural and archaeological heritage features
6.37
Local Development Framework (August 2006)
FZ2 – 5%, FZ3a – 55% [Fig F1-2]
FZ2 – 10%, FZ3a – 45% [Fig F1-4 & F1-6]
Tidal
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F1-5]
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F1-7]
Status: Undefended
SoP: N/A

Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Greenspace
Flood Warning Area: Yes (FWA code 1T1a)
Proposed for the enhancement of natural and archaeological heritage features
(water compatible and less vulnerable development)
Yes, if any less vulnerable development proposed
Very few, if any, buildings within designated greenspace. Indicative flooding
depth <1m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 and may be required for FZ1 areas (e.g. if development area >1ha). This
should include consideration of the potential environmental and/or
archaeological impacts.
Mitigation may be feasible for any employment areas and amenity buildings
(e.g. land raising, floor raising).
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Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:

Exception Test Applicable?:
Issues and recommendations:

EE06 – Urban area
23.64
Local Development Framework (August 2006)
FZ2 - <1%, FZ3a - <1% [Fig F1-2]
FZ2 - <1%, FZ3a - <1% [Fig F1-4 & F1-6]
Tidal
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F1-5]
Min: 0.00
Average: 1- 1.5 Max: > 1.5 [Fig F1-7]
Status: Undefended
SoP: N/A
Localised roadway flooding
Localised flooding caused by inadequacy of sewer system (April 2005)
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Brownfield
Flood Warning Area: No
Proposed for improving the existing urban area (highly vulnerable, more
vulnerable and less vulnerable development)
Yes
>95% development within FZ1. Indicative flooding depth (FZ3) <1m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Remove any more vulnerable development from FZ3 areas. Consider water
compatible uses for FZ3 area to safeguard open spaces for water storage.
Mitigation and management may be feasible for employment and housing
purposes (e.g. land raising, garages/car parks or public areas on lower levels
of housing developments, floor raising).

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:
Exception Test Applicable?:
Issues and recommendations:

EE09 – Mixed use
8.59
Local Development Framework (August 2006)
FZ2 – 25%, FZ3a – 70% [Fig F1-2]
FZ2 – 15%, FZ3a – 70% [Fig F1-4 & F1-6]
Tidal
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F1-5]
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F1-7]
Status: Manmade raised defence
SoP: Unknown
Localised roadway flooding. Reported problem of reduced discharge of
sewer water during extreme tide locking
Soils: Well drained fine loamy and fine silty soils
Drift Geology: Alluvium
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Possible contaminated land from old industrial sites
Medium/Low
Brownfield
Flood Warning Area: Yes (FWA code 1T1a). Condition of defence unknown.
Proposed for mixed use regeneration (less vulnerable development)
Yes- especially if the site is used for more vulnerable infrastructure.
Brownfield. 70% of development within FZ3. Indicative flood depth <1m
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
The council will also need to consider whether a lower standard of protection
is acceptable for Flood Zone 3 development or water compatible use for
Flood Zone 3 area.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Agreement of FZ3b definition and extent needed, if appropriate, with the EA
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Site:

EE09 – Mixed use
Proposed strategic transport route would influence flood risk on this area and
provide opportunities for mitigation to new and existing development at risk.
The management of residual risk for this proposal (including formal flood
defence, defence maintenance and control of excess runoff) would require
careful consideration.
Mitigation and management may be feasible for employment purposes (e.g.
land raising, floor raising).

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:
Exception Test Applicable?:
Issues and recommendations:

EE13 – Mixed use
2.07
Local Development Framework (August 2006)
FZ2 – 0%, FZ3a – 100% [Fig F1-2]
FZ2 - <1%, FZ3a – 85% [Fig F1-4 & F1-6]
Tidal
Min: 0.00
Average: > 1.5
Max: > 1.5 [Fig F1-5]
Min: 0.00
Average: > 1.5
Max: > 1.5 [Fig F1-7]
Status: Manmade raised defence
SoP: Unknown
Reports of localised roadway flooding
Soils: Well drained fine loamy and fine silty soils
Drift Geology: Alluvium
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Possible contaminated land from old industrial sites
Medium/Low
Brownfield
Flood Warning Area: Yes (FWA code 1T1a). Condition of defence unknown.
Proposed for mixed use regeneration (less vulnerable development)
Yes- especially if the site is used for more vulnerable infrastructure.
100% area within FZ3. Indicative flood depth (FZ3) >1.5m
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
The council will also need to consider whether a lower standard of protection
is acceptable for Flood Zone 3 development or water compatible use for
Flood Zone 3 area.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Agreement of FZ3b definition and extent needed, if appropriate, with the EA.
Proposed strategic transport route would influence flood risk on this area and
provide opportunities for mitigation to new and existing development at risk.
The management of residual risk for this proposal (including formal flood
defence, defence maintenance and control of excess runoff) would require
careful consideration.
Mitigation and management may be feasible for employment purposes where
indicative depth of flooding <1m (e.g. land raising, floor raising).

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000yr

EE14 – Urban area
2.17
Local Development Framework (August 2006)
FZ2 – 4%, FZ3a – 4% [Fig F1-2]
FZ2 - <1%, FZ3a – 4% [Fig F1-4 & F1-6]
Tidal
Min: 0.00
Average: 1-1.5 Max: > 1.5 [Fig F1-5]
Min: 0.00
Average: 1-1.5 Max: > 1.5 [Fig F1-7]
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Site:
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:

Exception Test Applicable?:
Issues and recommendations:

EE14 – Urban area
Status: Undefended

SoP: N/A

None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Brownfield
Flood Warning Area: No
Proposed for improving the existing urban area (highly vulnerable, more
vulnerable and less vulnerable development)
Yes
Brownfield and 90% of land in FZ1. Indicative flood depth (FZ3) <1.5m
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Remove any more vulnerable development from FZ3 areas. Consider water
compatible uses for FZ3 area to safeguard open spaces for water storage.
Mitigation and management may be feasible for employment and housing
purposes (e.g. land raising, garages/car parks or public areas on lower levels
of housing developments, floor raising).
Proposed strategic transport route would influence flood risk on this area and
provide opportunities for mitigation to new and existing development at risk.
The management of residual risk for this proposal (including formal flood
defence, defence maintenance and control of excess runoff) would require
careful consideration.

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:

Exception Test Applicable?:
Issues and recommendations:

EE17 – Urban area
15.83
Local Development Framework (August 2006)
FZ2 – <1%, FZ3a – 15% [Fig F1-2]
FZ2 - <1%, FZ3a – 15% [Fig F1-4 & F1-6]
Tidal
Min: 0.00
Average: >1.5
Max: > 1.5 [Fig F1-5]
Min: 0.00
Average: >1.5
Max: > 1.5 [Fig F1-7]
Status: Undefended
SoP: N/A
Localised flooding caused by inadequacy of sewer system (October 1993)
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Brownfield
Flood Warning Area: Yes (FWA code 1T1a)
Proposed for improving the existing urban area (highly vulnerable, more
vulnerable and less vulnerable development)(
Yes
Brownfield and 80% land in FZ1. Indicative depth of flooding in FZ3 >1.5m
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Remove any more vulnerable development from FZ3 areas. Consider water
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Site:

EE17 – Urban area
compatible uses for FZ3 area to safeguard open spaces for water storage.
Mitigation and management may be feasible for employment and housing
purposes where indicative depth of flooding <1.5m (e.g. land raising,
garages/car parks or public areas on lower levels of housing developments,
floor raising).
Proposed strategic transport route would influence flood risk on this area and
provide opportunities for mitigation to new and existing development at risk.
The management of residual risk for this proposal (including formal flood
defence, defence maintenance and control of excess runoff) would require
careful consideration.

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:

Exception Test Applicable?:
Issues and recommendations:

EE18 - Enhance natural and archaeological heritage features
3.65
Local Development Framework (August 2006)
FZ2 – 0%, FZ3a – 100% [Fig F1-2]
FZ2 – 0%, FZ3a – 100% [Fig F1-4 & F1-6]
Tidal
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F1-5]
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F1-7]
Status: Manmade raised defence
SoP: Unknown
None reported
Soils: Well drained fine loamy and fine silty soils
Drift Geology: Alluvium
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium/Low
Greenspace
Flood Warning Area: Yes (FWA code 1T1a). Condition of defence unknown.
Proposed for the enhancement of natural and archaeological heritage features
(water compatible and less vulnerable development)
Yes, if any less vulnerable development proposed
Very little, if any, buildings within designated greenspace. Indicative flooding
depth (FZ3) <1m
An assessment of flood risk will be required for any development in FZ2 and
FZ3 and may be required for FZ1 areas (e.g. if development area >1ha). This
should include consideration of the potential environmental and/or
archaeological impacts
Mitigation may be feasible for any employment areas and amenity buildings
(e.g. land raising, floor raising)

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:

EE19 - Enhance natural and archaeological heritage features
0.84
Local Development Framework (August 2006)
FZ2 – 2%, FZ3a – 4% [Fig F1-2]
FZ2 – 5%, FZ3a – 20% [Fig F1-4 & F1-6]
Tidal
Min: 0.00
Average: < 1
Max: 1-1.5 [Fig F1-5]
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F1-7]
Status: Undefended
SoP: N/A
None reported
Soil: Silty over limestone
Drift Geology: Alluvium (some), otherwise absent
Solid Geology: Devonian limestone
Medium
Greenspace
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Site:
Additional information:

Exception Test Applicable?:
Issues and recommendations:

EE19 - Enhance natural and archaeological heritage features
Flood Warning Area: No
Proposed for the enhancement of natural and archaeological heritage features
(water compatible and less vulnerable development)
Yes, if any less vulnerable development proposed
Very little, if any, buildings within designated greenspace. Indicative flooding
depth (FZ3) <1m
An assessment of flood risk will be required for any development in FZ2 and
FZ3 and may be required for FZ1 areas (e.g. if development area >1ha). This
should include consideration of the potential environmental and/or
archaeological impacts.
Mitigation may be feasible for any employment areas and amenity buildings
(e.g. land raising, floor raising)

7.4

Breach and overtopping modelling
Following consultation with Plymouth City Council and the Environment Agency it was
decided to undertake some 2-d hydraulic modelling using the JFLOW software of breach
and overtopping scenarios at a specific vulnerable location next to Laira Bridge, where the
existing earth embankment has a distinct low point (OS grid reference SX5006 5430). This
area of the East End is known to be vulnerable to tidal flooding and localised flooding has
also been reported by the Devon Fire Brigade in the past. Breaches and overtopping can
bring rapid inundation of areas and therefore hazardous conditions to the population
affected. The extent, depth and speed of flooding caused by these scenarios could
potentially alter the categorisation of the development zones affected and also be a factor
in the residual risk assessment.
The breach and overtopping modelling was based on the current 200 year (0.5% AEP)
tidal flood event and for two future years (taking account of the current climate change
predictions for sea level rise), namely 2050 and 2110. Increased wave height as a
consequence of climate change was not considered to be significant in this sheltered part
of the River Plym estuary. A more detailed description of the modelling methodology is
given in Section 4.9.
Due to the position of the breach/overtopping location on the Plym estuary it was decided
to use the extreme still water levels predicted for Marsh Mills (OS Grid Ref SX518 565),
approximately 3km to the north east at the northern end of the Plym estuary. The present
day 200 year extreme still water sea level used in the JFLOW model for the East End was
3.78m AOD. In reality, the actual water level at the breach location will be somewhere in
between the level predicted at Marsh Mills (i.e. 3.78m AOD) and the level of 3.68m AOD
predicted at Devonport (OS Grid Ref SX455 540 about 5km to the west of the East End
and exposed to Plymouth Sound. The level utilised therefore represented the worst case
situation (i.e. the higher level). The increase in this level as a consequence of climate
change effects utilised the values given in draft PPS25, Annex B – Climate Change
Allowances which predicts a 0.45m rise in sea level in 2050 and a 1.25m rise in sea level in
2110 for this part of England. From this method the predicted 200 year extreme still water
sea level for 2050 was therefore 4.23m AOD, and for 2110 it was 5.03m AOD.

7.4.1

Overtopping scenario
The results of the overtopping scenarios for the present day situation, 2050 and 2110 are
given in Figure F1- 10, Figure F1- 11 and Figure F1- 12 respectively.
The present day 0.5% AEP tidal event extends north westwards from the breach location
into mixed use development zone EE09. The flood crosses Embankment Lane and enters
the triangular piece of open land towards Laira Bridge Road. Most of the flooding is only
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0.0-0.5m in depth, though there are some small areas of 0.5m-1.0m depth flooding on
Embankment Lane towards Laira Bridge.
The predicted 2050 0.5% tidal flood extends quite considerably further than the present
day in both a westerly and northerly direction. The flood crosses Laira Bridge Road and
reaches into development zone mixed use EE04 via the land between Cattewater Road
and Gdynia Way. It also extends further north into the open space and playing field area
next to Cattewater Junction. Much of the flooding is 0.0-0.5m in depth. Flooding in the
triangular area between Embankment Lane and Laira Bridge Road gets deeper with some
areas up to 1.0m in depth.
The predicted 2110 0.5% tidal flood extends still further in a westerly and northerly
direction. The flood extends northwards across Embankment Road (north of the playing
fields) into development zone EE13. The flood also extends eastwards along Gdynia to
reach the intersection with Elliot Road. The majority of the flooding is less than 1.0m in
depth.
7.4.2

Breach scenario
The results of the breach scenarios for the present day situation, 2050 and 2110 are given
in Figure F1- 13, Figure F1- 14 and Figure F1- 15 respectively.
For all three years the extent of the 0.5% tidal event is very similar to the overtopping
scenario for the same year and affects the same development zones.
The present day 0.5% AEP tidal flood covers a slightly larger area than the overtopping
scenario for the same year, by travelling further south westwards along Gdynia Way to
cross Laira Bridge Road. The depth of flooding is less than 1.0m.
The predicted 2050 0.5% AEP tidal flood event almost identical to the overtopping
scenario for the same year with depths of flooding generally less than 1.0m. Smaller areas
of deeper flooding (1.0-1.5m) are shown on Laira Bridge road, Embankment Lane and
Gdynia Way.
The predicted 2110 0.5% AEP tidal flood event has a similar extent to the overtopping
scenario for the same year, again with the majority of the flooding less than 1.0m in depth.
The breach scenario did however show some additional shallow flooding (<0.5m depth) in
Stanley Place (part of development zone EE17). Some slightly deeper flooding (1.0-1.5m
depth) is present along Embankment Lane, near Laira Bridge Road.

7.4.3

Initial modelling summary
The overtopping and breach scenario modelling has shown that the future 0.5% AEP tidal
flood events for 2050 and 2110 would extend a significant distance further inland when
compared to the present day situation, though the depth of flooding is generally quite
shallow (<0.5m). In the worst case 2110 scenario the maximum extent of the flood
reached development zones currently designated for mixed use regeneration (EE09, EE04,
EE13) and urban development (EE17) in the LDF. However, the depths of flooding are
generally less than 1.0m. The extent and depth of the predicted 2110 flood should guide
the assessment of whether a development type is appropriate in a particular development
zone and what mitigation measures might be appropriate for certain development types.
Projection modelling of the current 20 year still water tide level, using filtered LiDAR to
represent the ‘natural functional tidal floodplain’ (or flood zone 3b, as per PPS25) has
indicated that much of the triangular area bounded by Gdynia Way, Embankment Lane
and Laira Bridge Road would be flooded to a shallow depth (<0.5m). In the Laira Bridge
area this predicted 20 year tidal floodplain represents an area of 4.5ha, which is a very
small fraction of the River Plym estuary in this area. The 20 year tidal flood would also
cross Laira Bridge Road and reach Cattewater Road in the south. It should be noted that
there is some uncertainty as to whether a tidal floodplain connected to an extremely large
store (i.e. the sea) can be described as being truly functional in the same way as a fluvial

JBA Consulting
ïïïKàÄ~ÅçåëìäíáåÖKÅçKìâ=
N:\2006\Projects\2006s2015 - Plymouth City Council - Level 2 SFRA for Millbay and Stonehouse, Plymouth\Reports\Project reports\Full report with
PPS25\Digital deliverables (Jan 08)\2006s2015 Plymouth Level 2 SFRA Final Report v19 (8 Jan 08).doc: 15/01/2008

58

Plymouth City Council
Plymouth Level 2 Strategic Flood Risk Assessment
Final Report

floodplain is with respect to the storage and/or conveyance of floodwater, and the
potential impact of the loss of this floodplain area (and storage volume) on downstream
flood levels/flows. As a result, it is considered that the removal of this area from the tidal
floodplain would not increase the tidal flood risk anywhere else and so these tidal
floodplain areas should be given the designation of Flood Zone 3a.
7.5

Additional East End modelling
Following a review of the initial End End overtopping modelling it was determined that a
further investigation was necessary to extend the JFLOW model approximately 2km north
eastwards from a point near Laira Bridge (OS NGR SX5007 5432) up to Laira Junction (OS
NGR SX5087 5589), where the A374 Embankment Road passes over the railway line.
Local knowledge of ground surface levels in this area by the Council and the Environment
Agency had indicated that there were potential flood water flow routes from the estuary
into the north eastern part of the East End area along both Embankment Road and the
railway line. As a result, water inflows points to the JFLOW model were generated at a 2m
spacing along the whole 2km stretch of estuary bank (located on the Mean High Water
tide line as indicated on the OS 1:10,000 scale map).
It is important to note that the results from this additional JFLOW modelling should be
considered as distinctly different to those generated during the previous East End
overtopping and breach JFLOW modelling (Section 7.4.1 and Section 7.4.2 above), which
was only undertaken on a short 20m length of embankment very close to Laira Bridge (at
OS NGR SX5006 5430). This location is where the existing embankment has a distinct low
point and where the local land surface dictated that flooding could only spread from this
point in northerly and westerly directions. The outputs from the additional modelling have
provided a far better picture of the overall flood risk in this part of Plymouth than was
provided by the initial modelling over overtopping in a specific place (i.e. near Laira
Bridge). It has also provided information on the location of potential entry points for water
onto Embankment Road and the railway line that might have been missed by the
assessment of localised overtopping points. The extra modelling therefore represents the
most refined expression of flood risk across the north eastern part of the East End area
that is achievable without recourse to a more accurate DTM (i.e. by the collection and
implementation of site specific survey data), or full hydrodynamic modelling.

7.5.1

Present year 200 year tidal event
The maximum extent and depth results for the present day scenario are given in Figure
F1- 16.
The present day 200 year (0.5% AEP) tidal event extends north westwards from the
embankment into mixed use development zones EE09 and EE18. The flood first enters
the piece of open land and car park north of Embankment Lane, crosses the Embankment
Road and enters the Laira Depot north of Mount Gould Junction. Floodwater in the
northern part of this site propagates underneath the Embankment Road bridge at Laira
Junction and inundates the Laira Depot, Laira Avenue and Finch Close from the north
east. The maximum extent of the flood is restricted by the Embankment Road in the
southern part of the site and by the land levels in Laira Depot, Laira Avenue and Finch
Close in the north. Most of the flooding is only 0.0-0.5m in depth. However, there are
areas of 0.5m-1.0m depth flooding on the car park and adjacent open land in the southern
part of the site and deeper localised areas in the Laira Depot. Flooding with depths of
1.0m – 1.5m occurred in the northern part of development zones EE09, EE18 and in the
Laira Depot.
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It should be noted that the flood extent for the newly modelled present day 200 year
scenario does not necessarily match the Environment Agency Flood Zone 3 outline for a
number of reasons, including:
1. The underlying DTM for the new JFLOW work uses LiDAR derived topographic
data with a nominal vertical accuracy of typically ± 0.25m. In contrast, the
Environment Agency Flood Zone 3 map used NEXTMap topographic data with a
nominal vertical accuracy of ± 1.5m.
2. The JFLOW scenarios used unfiltered LiDAR data predominantly (to represent a
more realistic ‘developed’ landscape with buildings etc. in place), with a slight
adjustment in the surface levels at the Embankment Road bridge at Laira Junction
to permit water to flow underneath the bridge (as would happen) and reach the
Laira Avenue and Finch Close area. The Environment Agency Flood Map uses
filtered digital terrain data to remove buildings, embankments etc.
7.5.2

Year 2050 200 year tidal event
The maximum extent and depth results for the 2050 scenario are given in Figure F1- 17.
The predicted 2050 tidal flood extends quite considerably further than the present day in a
westerly direction and approaches the extent of the Flood Zone 3 outline (200 year tidal
event) in many places. The flood crosses the Embankment Road and reaches the
development zone EE05, EE13 and EE17. Flooding at depths of 0.5m to over 1.5m occurs
in the residential area in the vicinity of Laira Avenue and Finch Close in the north. The
flood also extends into the Laira Depot and further south-westwards to Mount Gould
Junction and into the Lanhydrock Road Recreation Area. Flooding at the Recreation
Ground at Laira Bridge (development area EE05) occurs at depths of 0 – 1.5m. Flood
depths exceeding 1.5m occurs in Lucas and Stenlake Terraces (development zone EE17)
due to floodwater reaching this area from Embankment Road and underneath the bridge
from Lanhydrock Road Recreation Ground. The majority of flood depths across the whole
area are between 0.5 and 1.5m.

7.5.3

Year 2110 200 year tidal event
The maximum extent and depth results for the 2110 scenario are given in Figure F1- 18.
The predicted 2110 tidal flood extends still further in a westerly and northerly direction,
which, in places, extends beyond the Flood Zone 2 outline (1000 year tidal event). The
flood extends west and northwards in the residential area at Laira Avenue and Finch Close
and inundates the whole of Laira Depot (flood depths exceeding 1.0m). It reaches the
railway embankment and inundates the Embankment Road with over 1.5m deep flooding.
The whole of development zone EE13 is flooded (with the flood depth exceeding 1.5m).
Lanhydrock Road Recreation Ground is inundated to a depth >1.5m and water reaches
the residential areas immediately to the west near Tothill Park (i.e. the Cleveland Road and
Knighton Road area). Considerable areas within development zones EE09 and EE04 have
depths of flooding in excess of 1.5m. The majority of the flood depths are at or exceeding
1.5m, thereby posing considerable risk to people and property.

7.5.4

Flood progression
The JFLOW model was run over 3 tide cycles. Zero hours of the model run time was low
tide, as was 12 hours and 24 hours. Therefore, 6 hours (model run time), 18 hours and 30
hours represented the high tide condition. The way the tidal surge was calculated meant
that the middle high tide (at 18 hours model run time) was the maximum tide height
experienced. Given that there was a bit of lag time as the flood water past across the land
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surface then the actual maximum tide extent on the ground generally occurred at some
point between 18 hours and about 20 hours (model run time).
The temporal progression of the flood for both the 2050 and 2110 events are given in
Figure F1- 19 to Figure F1- 24 inclusive. This provides an indication of how the flood
propagates over time from the estuary in response to the tidal cycles, onto Embankment
Road and the railway line before then flowing further westwards and south westwards
towards the main East End area of Plymouth. The maximum extent of the flood occurred
after 20 hours of the model run.
7.6

East End review
The assessment of the development zones in the East End for flood risk has identified a
number of zones that are at risk of tidal flooding and that this risk will increase in future as
a consequence of the current predictions for a rise in sea level due to climate change.
Also, there are clearly potential routes by which additional flood water can reach the East
End from the north east via Embankment Road and the railway, which will require further
consideration. In some development zones the currently proposed development type
would not be permitted in Flood Zone 3 areas due to its vulnerability classification as part
of the Sequential Test and should be moved to areas with a lower risk of flooding. The
application of the Exception Test to a number of the proposed non-water compatible
development types in Flood Zones 2 and 3 would require specific flood risk assessments
to be undertaken, which would determine the feasibility of appropriate mitigation
measures and include a full consideration of the residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements, storage of
excess surface water).
The City of Plymouth LDF currently proposes to build a new strategic transport route from
the north western end of Laira Bridge northwards to join Embankment Road somewhere to
the north east of Stanley Place. If this new road and associated embankment was
designed to a full flood defence specification with a long-term maintenance regime, taking
account of predicted climate change effects, then it would serve to alleviate the current
tidal flood risk in the development zones within this part of the East End. However, the
potential entry of flood water into the East End from sources further to the north east along
Embankment Road and the railway line, as indicated by the additional modelling
undertaken, would also require consideration as part of this proposed infrastructure
development. The management of the flood risk behind this type of tidal defence would
be made more sustainable if the proposed development also implemented SuDS
principles to mitigate against the potentially increased surface runoff and the safe storage
of this excess water volume during periods of extreme tidal flood conditions when gravity
drainage into the estuary under would not be possible.
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8

SUTTON HARBOUR ASSESSMENT

8.1

Introduction
The Sutton Harbour area is susceptible to predominantly tidal flooding from the extreme
western end of the River Plym estuary and the north eastern corner of Plymouth Sound.
The outer harbour is partially protected from wave action by the main harbour wall on
Coxside (opposite Fisher’s nose and Phoenix Wharf). The outer harbour is also completely
separated from the inner harbour by harbour walls and a tidal lock (next to the Fish
Market). Some other parts of the Sutton Harbour area may also be at risk of more
localised flooding resulting from surcharging of the sewer systems (which might be
affected by tide locking and/or high sea levels). The Barbican area has a history of flood
problems, though the construction of the tidal lock gate in 1993 has almost eliminated the
occurrence of any flooding derived from high tide levels coupled with strong onshore
winds. However, the Barbican area does have a prescribed Major Flood Incident Plan.
Part of the Sutton Harbour area has been the subject of a recent planning application by
Sutton Harbour Holdings PLC (August 2006), which included a site specific flood risk
assessment undertaken by WSP Development and Transportation.
Figure F2- 1 shows the location of each development zone within the Sutton Harbour area.
Each development zone has been attributed with a unique code number which appears on
the figures and in the tables below for reference purposes. Figure F2- 2 shows the Sutton
Harbour development zones together with the current Environment Agency Flood Zones 2
and 3 outlines, which are known to have been derived from a more than one source and
are not necessarily consistent or particularly accurate in some areas. Figure F2- 3 shows
the predicted 20 year tidal flood outline based on the projection of a still water sea level
onto the LiDAR DTM.
Flood extents and depths have been calculated for each development zone within the
0.5% AEP (200 year) and 0.1% AEP (1000 year) tidal flood outlines. Rather than using the
current Environment Agency tidal flood zones (given the inconsistencies mentioned above)
this has been done using the projection of estimated extreme tidal still water levels derived
from published reports onto the LiDAR DTM of the area. A more detailed description of
the methodology associated with calculation of these depths is provided in Section 4.9.
The results for each development zone are documented in the tables below and are also
presented in a series of figures. Figure F2- 4 and Figure F2- 5 show undefended flood
extents and depths calculated from tidal still water level projection data (for the 200 year
tidal flood event) and Figure F2- 6 and Figure F2- 7 show undefended flood extents and
depths calculated from tidal still water level projection data (for the 1000 year tidal flood
event).
Figure F2- 8 and Figure F2- 9 show the comparison between the Environment Agency tidal
flood zones 3 and 2, together with the LiDAR projected 200 year and 1000 year flood
extents respectively.
Figure F2- 10 to Figure F2- 12 show the flood extent and flood depths calculated using
ISIS modelling of a 20m breach scenario in the vicinity of harbour wall between the inner
and outer harbour (next to the Fish Market) for the 200 year tidal flood event for the
present day, 2050 and 2110. A detailed description of the breach and overtopping work is
given in section 8.4. Figure F2- 10 to Figure F2- 12 have utilised the unfiltered LiDAR
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DEM, i.e. with the existing buildings, roads, embankments, walls and defences in place, to
represent a more realistic ‘developed’ landscape.
The flood depth, in particular, provides an indication of the hazard level that the receptors
(i.e. people, property, infrastructure) have to a particular extreme flood event. The flood
depth also permits an assessment of whether or not it might be economically feasible to
manage the flood risk through the use of mitigation measures.
8.2

Sutton Harbour: Flood Zone 1
The development zones located entirely within Flood Zone 1 have a low probability of
flooding. This means that the land has been assessed as having a less than 1 in 1000
chance of sea/tidal flooding in any year (<0.1%). All development types in Flood Zone 1
do not require a specific flood risk assessment, unless the proposed development site is
greater than 1 hectare (ha) in area. A full description of the flood risk zones and the types
of development that are appropriate to them is given in Appendix A1.
Unique ID
SH26
SH29
SH30

8.3

Site
Mixed use regeneration
Mixed use regeneration
Mixed use regeneration

Area (ha)
3.70
1.38
0.63

Sutton Harbour: Flood Zones 2 and 3
Development zones containing Flood Zone 2 areas are designated as having a medium
probability of flooding. This means that the development zone comprises land assessed
as having between a 1 in 200 and 1 in 1000 chance of sea/tidal flooding (0.5%-0.1%) in
any year.
Development zones containing Flood Zone 3a areas are designated as having a high
probability of flooding. This means that the development zone comprises land assessed
as having a 1 in 200 or greater chance of sea/tidal flooding (>0.5%) in any year.
Development zones containing Flood Zone 3b areas are designated as being part of the
functional floodplain. This means that the development zone comprises land where water
has to flow or be stored in times of flood.
A full description of the flood risk zones and the types of development that are appropriate
to them is given in Appendix A1. A detailed explanation of the individual rows in the
following development zone assessment tables is given in 3.3.5.
Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:

SH21 - Enhance port and marine related employment
5.04
Local Development Framework (August 2006)
FZ2 - 60%, FZ3a – 17% [Fig F2-2]
FZ2 – 8%, FZ3a – 24% [Fig F2-4 & Fig F2-6]
Tidal
Min: 0.00
Average: >1.5
Max: > 1.5 [Fig 2-5]
Min: 0.00
Average: >1.5
Max: > 1.5 [Fig 2-7]
Undefended
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Brownfield
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Site:
Additional information:

Exception Test Applicable?

SH21 - Enhance port and marine related employment
Flood warning: Yes (1T1)
Proposed for port and marine related development (water compatible and less
vulnerable development)
Yes – especially if the site is used for more vulnerable infrastructure

Issues and recommendations:

Brownfield. Indicative depth of flooding (FZ3) is >1.5m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Remove any non-water compatible development from FZ3 areas.

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zone
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:

Exception Test Applicable?:
Issues and recommendations:

SH22 – Urban area
5.09
Local Development Framework (August 2006)
FZ2 – 8%, FZ3a – 8% [Fig F2-2]
FZ2 - 0%, FZ3a – 8% [Fig F2-4 & Fig F2-6]
Tidal
Min: 0.00
Average: >1.5
Max: > 1.5 [Fig 2-5]
Min: 0.00
Average: >1.5
Max: > 1.5 [Fig 2-7]
Undefended
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Brownfield
Flood warning: Yes (1T1)
Proposed for improving the existing urban area (highly vulnerable, more
vulnerable and less vulnerable development)
Yes
Brownfield and >80% in FZ1. Indicative flood depth (FZ3) >1.5m
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
The council will also need to consider whether a lower standard of protection
is acceptable for Flood Zone 3 development or include water compatible use
for Flood Zone 3 area

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

SH23 – Fish Market
1.15
Local Development Framework (August 2006)
FZ2 – 0%, FZ3a – 100% [Fig F2-2]
FZ2 – 8%, FZ3a – 38% [Fig F2-4 & Fig F2-6]
Tidal
Min: 0.00
Average: <1
Max: 1-1.5 [Fig 2-5]
Min: 0.00
Average: <1
Max: > 1.5 [Fig 2-7]
Status: Manmade raised defence
SoP: Unknown (assumed 100yr)
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent

JBA Consulting
ïïïKàÄ~ÅçåëìäíáåÖKÅçKìâ=
N:\2006\Projects\2006s2015 - Plymouth City Council - Level 2 SFRA for Millbay and Stonehouse, Plymouth\Reports\Project reports\Full report with
PPS25\Digital deliverables (Jan 08)\2006s2015 Plymouth Level 2 SFRA Final Report v19 (8 Jan 08).doc: 15/01/2008

65

Plymouth City Council
Plymouth Level 2 Strategic Flood Risk Assessment
Final Report

Site:

Exception Test Applicable?:

SH23 – Fish Market
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Brownfield
Flood warning: Yes (1T1)
Proposed for the fish market development (water compatible).
No

Issues and recommendations

Brownfield. Indicative flooding depth (FZ3) <1m

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:

An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Mitigation and management (e.g. land raising, floor raising) may be feasible for
employment purposes.
Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

SH24 – Mixed use regeneration
4.34
Local Development Framework (August 2006)
FZ2 – 30%, FZ3a – 45% [Fig F2-2]
FZ2 - 20%, FZ3a – 15% [Fig F2-4 & Fig F2-6]
Tidal
Min: 0.00
Average: <1
Max: > 1.5 [Fig 2-5]
Min: 0.00
Average: <1
Max: > 1.5 [Fig 2-7]
Status: Manmade raised defence
SoP: Unknown (assumed 100 yr)
None reported

Exception Test Applicable?:

Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Brownfield
Flood warning: Yes (1T1)
Proposed for mixed use regeneration (more vulnerable and less vulnerable
development)
Yes

Issues and recommendations:

Brownfield. Indicative flood depth (FZ3) <1m.

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:

An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Consider water compatible uses for FZ3 areas to safeguard open spaces for
water storage, especially where depth of flooding >1m.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Mitigation and management may be feasible for employment and housing
purposes (e.g. land raising, garages/car parks or public areas on lower levels
of housing developments, floor raising)
Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:

SH25 – Mixed use regeneration
0.39
Local Development Framework (August 2006)
FZ2 – 0%, FZ3a – 100% [Fig F2-2]
FZ2 - 4%, FZ3a – 90% [Fig F2-4 & Fig F2-6]
Tidal
Min: <1 Average: >1.5
Max: > 1.5 [Fig 2-5]
Min: <1 Average: >1.5
Max: > 1.5 [Fig 2-7]
Status: Manmade raised defence
SoP: Unknown (assumed 100yr)
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Site:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:
Exception Test Applicable?:
Issues and recommendations:

SH25 – Mixed use regeneration
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Brownfield
Flood warning: Yes (1T1)
Proposed for mixed use regeneration (less vulnerable development)
Yes
Brownfield. Indicative flood depth (FZ3) >1.5m
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
The council will also need to consider whether a lower standard of protection
is acceptable for Flood Zone 3 development or include water compatible use
for Flood Zone 3 areas, especially where depth of flooding >1m.

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:

Exception Test Applicable?:
Issues and recommendations:

SH27 – Urban area
4.30
Local Development Framework (August 2006)
FZ2 – 1%, FZ3a – 20% [Fig F2-2]
FZ2 - 5%, FZ3a – 11% [Fig F2-4 & Fig F2-6]
Tidal
Min: 0.00
Average: <1
Max: <1 [Fig 2-5]
Min: 0.00
Average: <1
Max: 1-1.5 [Fig 2-7]
Status: Manmade raised defence
SoP: Unknown (assumed 100 yr)
A few reported flooding incidents near to quayside due to high tides and very
strong winds. However, the reported flooding predates the construction of
the tidal lock gate in 1993.
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Brownfield
Flood warning: Yes (1T1)
Proposed for improving the existing urban area (highly vulnerable, more
vulnerable and less vulnerable development)
Yes
Brownfield. 80% FZ1. Indicative flood depth (FZ3) <1m
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Consider water compatible uses for FZ3 areas to safeguard open spaces for
water storage.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Mitigation and management may be feasible for employment and housing
purposes (e.g. land raising, garages/car parks or public areas on lower levels
of housing developments, floor raising).

Site:
Size (ha):
Reference:
EA Flood Zones:

SH28 – Urban area
3.17
Local Development Framework (August 2006)
FZ2 – 13%, FZ3a – 80% [Fig F2-2]
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Site:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:

Exception Test Applicable?:
Issues and recommendations:

SH28 – Urban area
FZ2 - 22%, FZ3a – 37% [Fig F2-4 & Fig F2-6]
Tidal
Min: 0.00
Average: <1
Max: > 1.5 [Fig 2-5]
Min: 0.00
Average: <1
Max: > 1.5 [Fig 2-7]
Status: Manmade raised defence
SoP: Unknown (assumed 100yr)
A number of reported flooding incidents near to quayside due to high tides
and strong winds. However, the reported flooding predates the construction
of the tidal lock gate in 1993.
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Brownfield
Flood warning: Yes (1T1)
Proposed for improving the existing urban area (highly vulnerable, more
vulnerable and less vulnerable development)
Yes
Brownfield. Indicative flooding depth (FZ3) <1m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Consider water compatible uses for FZ3 areas to safeguard open spaces for
water storage, especially where depth of flooding >1m.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Mitigation and management may be feasible for employment and housing
purposes (e.g. land raising, garages/car parks or public areas on lower levels
of housing developments, floor raising).

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:

Exception Test Applicable?:
Issues and recommendations:

SH31 – Urban area
6.79
Local Development Framework (August 2006)
FZ2 – 0%, FZ3a – 35% [Fig F2-2]
FZ2 - 3%, FZ3a – 20% [Fig F2-4 & Fig F2-6]
Tidal
Min: 0.00
Average: <1
Max: > 1.5 [Fig 2-5]
Min: 0.00
Average: <1
Max: > 1.5 [Fig 2-7]
Status: Manmade raised defence
SoP: Unknown (assumed 100 yr)
A number of reported flooding incidents near to quayside due to high tides
and strong winds. However, the reported flooding predates the construction
of the tidal lock gate in 1993.
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Brownfield
Flood warning: Yes (1T1)
Proposed for improving the existing urban area (highly vulnerable, more
vulnerable and less vulnerable development)
Yes
Brownfield. Indicative flooding depth (FZ3) <1m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Consider water compatible uses for FZ3 areas to safeguard open spaces for
water storage, especially where depth of flooding >1m.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
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Site:

SH31 – Urban area
storage of excess surface water).
Mitigation and management may be feasible for employment and housing
purposes (e.g. land raising, car parks or public areas on lower levels of
housing developments, floor raising).

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:
Exception Test Applicable?:
Issues and recommendations:

SH32 – Mixed use regeneration
1.45
Local Development Framework (August 2006)
FZ2 – 25%, FZ3a – 17% [Fig F2-2]
FZ2 - 3%, FZ3a -16% [Fig F2-4 & Fig F2-6]
Tidal
Min: 0.00
Average: 1-1.5 Max: > 1.5 [Fig 2-5]
Min: 0.00
Average: 1-1.5 Max: > 1.5 [Fig 2-7]
Undefended
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Brownfield
Flood warning: Yes (1T1)
Proposed for mixed use regeneration (less vulnerable development)
Yes
Brownfield. >65% FZ1. Indicative flooding depth (FZ3) 1-1.5m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Consider removing any non-water compatible development from FZ3.

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:
Exception Test Applicable?:

SH33 - Unallocated
1.30
Local Development Framework (August 2006)
FZ2 – 20%, FZ 3a – 80% [Fig F2-2]
FZ2 - 6%, FZ3a – 35% [Fig F2-4 & Fig F2-6]
Tidal
Min: 0.00
Average: 1-1.5 Max: > 1.5 [Fig 2-5]
Min: 0.00
Average: 1-1.5 Max: > 1.5 [Fig 2-7]
Status: Manmade raised defence
SoP: Unknown (assumed 100 yr)
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Brownfield
Flood warning: Yes (1T1)
Unallocated area (includes National Marine Aquarium)
Yes, unless water compatible use
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Site:
Issues and recommendations:

SH33 - Unallocated
Brownfield. >35% FZ3. Indicative flooding depth (FZ3) 1-1.5m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Consider removing any non-water compatible development from FZ3,
especially where depth of flooding >1m.

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / greenfield:
Additional information:
Exception Test Applicable?:
Issues and recommendations:

SH34 – Mixed use regeneration
3.39
Local Development Framework (August 2006)
FZ2 – 15%, FZ3a – 10% [Fig F2-2]
FZ2 -2%, FZ3a – 0% [Fig F2-4 & Fig F2-6]
Tidal
Min: 0.00
Average: <1
Max: <1 [Fig 2-5]
Min: 0.00
Average: <1
Max: <1 [Fig 2-7]
Status: Manmade raised defence
SoP: Unknown (assumed 100 yr)
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Brownfield
Flood warning: Yes (1T1)
Proposed for mixed use regeneration (less vulnerable development)
Yes
Brownfield. >75% in FZ1. Indicative flooding depth (FZ3) <1m
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Consider water compatible uses for FZ3 areas to safeguard open spaces for
water storage.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Mitigation and management may be feasible for employment and housing
purposes (e.g. land raising, garages/car parks or public areas on lower levels
of housing developments, floor raising).

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:

SH35 – Urban area
1.42
Local Development Framework (August 2006)
FZ2 – 1%, FZ3a – 5% [Fig F2-2]
FZ2 - 4%, FZ3a – 1% [Fig F2-4 & Fig F2-6]
Tidal
Min: 0.00
Average: <1
Max: <1 [Fig 2-5]
Min: 0.00
Average: <1
Max: <1 [Fig 2-7]
Status: Manmade raised defence
SoP: Unknown (assumed 100 yr)
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
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Site:
Brown / greenfield:
Additional information:

Exception Test Applicable?:
Issues and recommendations:

SH35 – Urban area
Brownfield
Flood warning: Yes (1T1). Predicted flooding almost entirely restricted to road
surfaces.
Proposed for improving the existing urban area (highly vulnerable, more
vulnerable and less vulnerable development)
Yes
Brownfield. >90% in FZ1. Indicative flooding depth (FZ3) <1m
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Consider water compatible uses for FZ3 areas to safeguard open spaces for
water storage.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Mitigation and management may be feasible for employment and housing
purposes (e.g. land raising, car parks or public areas on lower levels of
housing developments, floor raising).

8.4

Breach and overtopping modelling
Sutton Harbour and its quays are well protected from tidal flooding by the harbour walls
and flood gates at the entrance to the inner harbour. The standard of protection (SoP) of
the Sutton Harbour defences is assumed by the Environment Agency to be 1 in 100 years.
Following consultation with Plymouth City Council and the Environment Agency it was
decided to undertake some modelling of breach and overtopping scenarios at a specific
vulnerable location, the tidal lock gate just west of the Fish Market (OS Grid Ref SX4841
5400). Breaches and overtopping can bring rapid inundation of areas and therefore
hazardous conditions to the population affected. The extent, depth and speed of flooding
caused by these scenarios could potentially alter the categorisation of the development
zones affected and also be a factor in the residual risk assessment. The breach and
overtopping modelling needs to take account of the water level in the inner harbour at the
time of the breach/overtopping event.
The breach and overtopping modelling was based on the current 200 year (0.5% AEP)
tidal flood event and for two future years (taking account of the current climate change
predictions for sea level rise), namely 2050 and 2110. For the purposes of this SFRA
increased wave height as a consequence of climate change was not considered to be
significant in this sheltered part of the River Plym estuary.
Due to the position of the breach/overtopping location on the Plym estuary it was decided
to use the 1 in 200 year extreme still water level of 3.68m AOD predicted for Devonport
(OS Grid Ref SX455 540 about 3.5km to the west of Sutton Harbour and more exposed to
Plymouth Sound. The increase in this level as a consequence of climate change effects
utilised the values given in draft PPS25, Annex B – Climate Change Allowances which
predicts a 0.45m rise in sea level in 2050 and a 1.25m rise in sea level in 2110 for this part
of England. From this, the predicted 1 in 200 year tidal flood level in 2050 was 4.13m and
for 2110 it was 4.93m
The analysis has been undertaken for the following scenarios:
•

Overtopping over 90m – representing overtopping the gate and flood defences

•

Overtopping over the tidal lock gates, i.e. 12 m width

•

12 m breach of the tidal lock gates
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•

20m breach at the tidal lock gates

The purpose of the analysis was to assess the water level in the inner harbour under the
above mentioned scenarios. The inner harbour impounded still water level was assumed
to be about 2.28mAOD (as indicated in the 2006 WSP Sutton Harbour development, flood
risk assessment report).
In the beginning, some rough spreadsheet calculations using a weir equation were carried
out to get a better understanding of the effect of overtopping/breaching of the gate and a
wall and to identify whether the flood risk assessment for this site would benefit from using
JFLOW modelling. Preliminary calculations suggested that the effect of the overtopping
and 12 m breach would have an insignificant effect on the level in the inner harbour for the
present day situation case scenario and for the 2050 year scenario. The rest of the
scenarios could not be assessed realistically using this simplified approach. It was
therefore decided that this analysis should be carried out using a hydrodynamic model.
A three cycle tidal surge with the maximum being equal to the predicted 1 in 200 year sill
water tide level has been used (i.e. 3.68mAOD, 4.13mAOD and 4.93mAOD for the present
situation, 2050 and 2110 predicted levels correspondingly).
A simple hydrodynamic model was constructed using the industry standard ISIS version
2.3 software developed by the Halcrow Group/Wallingford Software joint venture. The
model consisted of two storage units which represented the inner harbour and the outer
harbour connected using a general purpose weir unit. The inner harbour storage unit had
2
an area of approximately 92,300 m . Unfiltered LiDAR data has been used to derive an
elevation-area relationship for the inner harbour storage unit, as required by ISIS. The
outer harbour is represented as an artificial reservoir unit which connected to the
downstream tidal stage-time (HTBDY) model boundary. The model is driven by the three
cycle tidal surge for the following tidal events:
•

1 in 200 year present day (2006)

•

1 in 200 year 2050 year (climate change)

•

1 in 200 year 2110 year (climate change)

The model formally requires a QTBDY boundary which represents the inflow to the model
(set to zero).
8.4.1

Overtopping and breach simulations
Different scenarios were simulated by changing the width and elevation of the crest of the
weir in the model. Table 8-1 below summaries the assumed weir crest levels for all the
scenarios considered in this analysis. Weir coefficients of 1 have been assumed in the
simulations.
Table 8-1 Weir dimensions used in hydrodynamic model
Scenario

Weir crest level

Width of weir (m)

(m AOD)
Overtopping over 90m crest length

4.03

90

Overtopping over the 12m tidal lock gates

3.86

12

12m breach at tidal lock gates

2.28

12

20m breach at tidal lock gates

2.28

20
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The hydrodynamic model was run with default parameters and the predicted water level in
the inner harbour is summarised in Table 8-2 below.
Table 8-2 Predicted water level in the inner harbour (m AOD)
Overtopping
90m

Overtopping
12 m

Breach 12m

Breach 20m

Current

2.281

2.281

3.50

3.64

2050

2.31

2.33

3.99

4.09

2110

4.80

4.80

4.84

4.90

200 yr
event

The analysis showed that the 20m breach would be the worst case scenario, in terms of
the highest predicted water levels, while the two overtopping scenarios for the present day
case and for 2050 had a very insignificant effect on the water level in the inner harbour and
would not overtop the current quay wall. The quay wall on the north east corner of the
inner harbour has a ground level of between 3.1 and 3.5m AOD, therefore overtopping of
the quay wall will only happen under breach scenarios for the current year and for 2050,
and for all scenarios for the year 2110.
The ground surface from unfiltered LiDAR data was subtracted from the predicted water
surface to produce a grid of water depth (with negative depths where the ground is dry).
A polygon was then generated enclosing all areas with a depth greater than zero for the
following scenarios:
•

20m breach as the worst case (for the present day situation, 2050, 2110)

•

Overtopping (90m) for the present day situation

The flood outlines for all other scenarios fall in between these two extremes.
The outline for the present day 20m breach case scenario (when the estimated level in the
inner harbour is 3.64m AOD) is very similar to the Environment Agency Flood Zone 3
outline.
8.4.2

Breach scenarios
The section above indicated that the 20m breach scenario (at the tidal lock gate) produced
the worst case extent of flooding into development zone areas beyond the immediate
inner harbour quay area.
For the present day situation the deepest flooding (up to 1.5m depth) on the land is
restricted to the immediate quayside area (primarily the road and pavement areas) in
development zones SH31, SH28, SH25, SH24, SH23 (Figure F2- 10). Shallower flooding
(less than 1m depth) reached development zones SH31, SH28, SH25, SH24, SH23,
together with small areas within development zones SH27, SH35, SH34 and SH33.
The 2050 situation did not significantly extend the extent of the flood beyond the present
day situation or greatly increase the range of flood depths experienced in the various
zones (Figure F2- 11). The development zones with a small amount of additional shallow
(<0.5m depth) flooding were SH27, SH28, SH24 and SH34.
The 2110 situation showed a considerable increase in flood depth when compared to the
2050 situation, but the actual extent of flooding was not increased greatly (Figure F2- 12).
The depth of flooding in the immediate quayside areas of development zones SH31, SH25
and SH28 was predicted to be in excess of 1.5m. Flooding in development zones SH23
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and SH24 reached 0.5-1.0m in depth. Additional shallow flooding also extended
eastwards out of the Sutton Harbour development zones along Barbican Approach (and
into the East End development zone EE15). Shallow flooding (<0.5m depth) was far more
extensive in the all the development zones surrounding the inner harbour
8.4.3

Summary
The modelling of breach scenarios, in particular, has indicated that any proposed
development in the vicinity of the western half of the Sutton Harbour quayside could be
susceptible to deep flooding (>1.5m depth) under the predicted future climate change
conditions. Therefore, any proposed development of the appropriate type in these areas
would need, as part of the Exception Test, a detailed flood risk assessment to be
undertaken to accurately assess the flood risk and evaluate the possible mitigation options
for the particular development type and the management of residual risk (such as flood
defence, flood warnings, access and egress routes, and flood resistance/resilience).
Shallower flooding (<1m depth) would also affect other parts of the development zones
that surround the inner harbour. Similarly, a flood risk assessment would be needed to
fully quantify the risk to an appropriate development in this area and investigate mitigation
options.

8.5

Sutton Harbour review
The assessment of the development zones in the Sutton Harbour area for flood risk has
identified a number of zones that are at risk of tidal flooding and that this risk will increase
in future as a consequence of the current predictions for a rise in sea level due to climate
change. The modelling of a worst case scenario 20m breach at the tidal lock gates for
predicted in future sea levels indicated that the actual extent of the flood did not change
significantly in most areas, but that the depth of flooding in the immediate quayside area
did increase quite significantly. This finding should be used to guide what type of
development, if any, is appropriate in these more vulnerable locations.
The application of the Exception Test to a number of the proposed non-water compatible
development types in Flood Zones 2 and 3 would require specific flood risk assessments
to be undertaken, which would determine the feasibility of appropriate mitigation
measures and include a full consideration of the residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements, storage of
excess surface water).
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9

MILLBAY ASSESSMENT

9.1

Introduction
The Millbay area is susceptible to predominantly tidal flooding from the Plymouth Sound.
Some areas may also be at risk of more localised flooding resulting from surcharging of
the sewer systems (which might also be affected by tide locking and/or high sea levels) or
as a consequence of direct rainfall accumulating on the impermeable surfaces of the builtup environment. Unlike Sutton Harbour, the Millbay harbour does not contain any tidal
lock gates separating the inner harbour from the outer harbour. The Millbay harbour area
is sheltered, in part, from wave action by the presence of Millbay Pier on the eastern shore
of the harbour entrance and it is also protected by Drake’s Island out in Plymouth Sound
about 0.5km directly south of the harbour entrance.
The Millbay area has been the subject of a recent outline planning application by English
Cities and English Partnerships (September 2006), which included a detailed Flood Risk
Assessment undertaken by Buro Happold Consulting Engineers Limited.
Figure F3- 1 shows the location of each development zone within the Millbay area. Each
development zone has been attributed with a unique code number which appears on the
figures and in the tables below for reference purposes. Figure F3- 2 shows the Millbay
development zones together with the current Environment Agency Flood Zones 2 and 3
outlines, which are known to have been derived from a number of sources and are not
necessarily consistent or particularly accurate in some areas. Figure F3- 3 shows the
predicted 20 year tidal flood outline based on the projection of a still water sea level onto
the LiDAR DTM.
Flood depths have been calculated for each development zone within the 0.5% AEP (200
year) and 0.1% AEP (1000 year) tidal flood outlines. This has been done using the
projection of estimated extreme tidal still water levels derived from published reports onto
the LiDAR DTM of the area, rather than from the current Environment Agency tidal flood
zone maps given the inconsistencies mentioned above. A more detailed description of the
methodology associated with calculation of these depths is provided in Section 4.9. The
results for each development zone are documented in the tables below and are also
presented in a series of figures. Figure F3- 4 and Figure F3- 5 show undefended flood
extents and depths calculated from tidal still water level projection data (for the 200 year
tidal flood event). Figure F3- 6 and Figure F3- 7 show undefended flood extents and
depths calculated from tidal still water level projection data (for the 1000 year tidal flood
event).
Figure F3- 8 and Figure F3- 9 show the comparison between the Environment Agency tidal
flood zones 3 and 2, together with the LiDAR projected 200 year and 1000 year flood
extents respectively.
Figure F3- 11 to Figure F3- 13 shows the flood extent and flood depths calculated using
JFLOW modelling of an overtopping scenario in the vicinity of Millbay harbour quay area
for the 200 year tidal flood event for the present day, 2050 and 2110. A detailed
description of the overtopping work is given in section 7.4. Figure F3- 10 to Figure F3- 13
have utilised the unfiltered LiDAR DEM, i.e. with the existing buildings, roads,
embankments, walls and defences in place, to represent a more realistic ‘developed’
landscape.
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The flood depth, in particular, provides an indication of the hazard level that the receptors
(i.e. people, property, infrastructure) have to a particular extreme flood event. The flood
depth also permits an assessment of whether or not it might be economically feasible to
manage the flood risk through the use of mitigation measures.
9.2

Millbay: Flood Zone 1
The development zones located entirely within Flood Zone 1 have a low probability of
flooding. This means that the land has been assessed as having a less than 1 in 1000
chance of sea/tidal flooding in any year (<0.1%). All development types in Flood Zone 1
do not require a specific flood risk assessment, unless the proposed development site is
greater than 1 hectare (ha) in area. A full description of the flood risk zones and the types
of development that are appropriate to them is given in Appendix A1.
Unique ID
MB45
MB57
MB58
MB60

9.3

Site
Public open Space
Public open Space
Public open Space
Residential

Area (ha)
0.11
0.81
12.43
6.81

Millbay: Flood Zones 2 and 3
Development zones containing Flood Zone 2 areas are designated as having a medium
probability of flooding. This means that the development zone comprises land assessed
as having between a 1 in 200 and 1 in 1000 chance of sea/tidal flooding (0.5%-0.1%) in
any year.
Development zones containing Flood Zone 3a areas are designated as having a high
probability of flooding. This means that the development zone comprises land assessed
as having a 1 in 200 or greater chance of sea/tidal flooding (>0.5%) in any year.
Development zones containing Flood Zone 3b areas are designated as being part of the
functional floodplain. This means that the development zone comprises land where water
has to flow or be stored in times of flood.
A full description of the flood risk zones and the types of development that are appropriate
to them is given in Appendix A1. A detailed explanation of the individual rows in the
following development zone assessment tables is given in 3.3.5.
It should be noted that there is considerable discrepancy between the current
Environment Agency Flood Zone 2 extent and the flood extent estimated for the 1000 year
tidal event which was derived from the projection of a still water sea level onto the LiDAR
DTM (Figure F3- 9). This degree of discrepancy was not found for the Environment
Agency Flood Zone 3 extent and the LiDAR projected 200 year tidal event (Figure F3- 8).
This discrepancy may, in part, be a function of the accuracy of the different DTMs that
were used in the derivation of these two flood extents. The biggest area of discrepancy is
on the area to the north east of the Millbay inner harbour. The Environment Agency Flood
Zone 2 extent crosses Millbay Road, allowing to floodwater to flow down Bath
Street/Martin Street and reach the Union Street-Octogan Street area. A key element of the
determination of the 1000 year flood extent is whether the flood water can overtop the
inner harbour quay level and then flow in a north easterly direction over Millbay Road (near
the Bath Street junction) and down Bath/Street/Martin Street. The present day 1000 year
still water tide level projected into the LiDAR DTM, as used for the other development
areas was 3.96m AOD. This does not include any allowance for wave action. The
immediate quay edge level is around 4.0m AOD. According to the recent WSP Flood risk
assessment for this area the lowest elevation on Millbay Road is 4.17m AOD. Additional
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LiDAR projection analysis has indicated that to generate a reasonable hydraulic
connection between the inner harbour area and the area of land to the north east of
Millbay Road requires a flood level in excess of around 4.30m AOD (Figure F3- 10). Even
at 4.30m AOD the potential width of the flood front over Millbay Road is only around 20m
which would greatly restrict the volume of water that would pass via this route in any one
tide cycle. It is acknowledged that current climate change predictions for sea level rise will
make this area more vulnerable to flooding in the future. The current planning application
for this area has proposed to raise the level of Millbay Road and Bath Street in this area to
a minimum level of 5.02m AOD, which exceeds to predicted 200 year tidal flood level in
2110 (based on PPS25 figures).
Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:
Exception Test Applicable?
Issues and recommendations:

MB40 – Mixed-use regeneration
8.23
Local Development Framework (August 2006)
FZ2 – 20%, FZ3a – 7% [Fig F3-2]
FZ2 – 6%, FZ3a – 7% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: >1.5
Max: > 1.5 [Fig F3-5]
Min: 0.00
Average: >1.5
Max: > 1.5 [Fig F3-7]
Defended
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Devonian limestone
Possible contaminated land from old industrial sites
Medium
Brownfield
Flood warning: Yes (1T1)
Proposed for mixed use regeneration (less vulnerable development)
Yes
Brownfield and >70% in FZ1. Indicative flooding depth (FZ3) >1.5m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
The council will also need to consider whether a lower standard of protection
is acceptable for Flood Zone 3 development or water compatible use for
Flood Zone 3 area.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Mitigation and management may be feasible for employment purposes (e.g.
land raising, floor raising).

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

MB41 – Greenspaces
5.54
Local Development Framework (August 2006)
FZ2 – 8%, FZ3a – 50% [Fig F3-2]
FZ2 – 2%, FZ3a – 55% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: >1.5
Max: > 1.5 [Fig F3-5]
Min: 0.00
Average: >1.5
Max: > 1.5 [Fig F3-7]
Defended (part)
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
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Site:
Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:
Exception Test Applicable?
Issues and recommendations:

MB41 – Greenspaces
Solid Geology: Devonian limestone
Medium
Greenspace
Flood warning: Yes (1T1)
Proposed as greenspace (water compatible development)
No, unless any less vulnerable development proposed
Very few, if any, buildings within designated greenspace. Indicative flooding
depth >1.5m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 and may be required for FZ1 areas (e.g. if development area >1ha).
Removal of any non-water compatible development from FZ3 may be
appropriate.

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:

Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:

Exception Test Applicable?
Issues and recommendations

MB42 – Improve existing urban area
13.66
Local Development Framework (August 2006)
FZ2 – 12%, FZ3a – 17% [Fig F3-2]
FZ2 – 6%, FZ3a – 12% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: 1-1.5 Max: > 1.5 [Fig F3-5]
Min: 0.00
Average: 1-1.5 Max: > 1.5 [Fig F3-7]
Undefended
Tidal flooding caused by high tide and severe storms in Strand Street- Cremyll
Street area (1980 and 2004). Several occasions of flooding caused by sewer
inadequacy 1994-2004 in Admiralty Street-Pound Street and Durnford Street
area.
Soils: Well drained fine loamy and fine silty soils
Drift Geology: Alluvium
Solid Geology: Devonian limestone
Low-medium
Brownfield
Flood warning: Yes (1T1)
Proposed for urban development (highly vulnerable, more vulnerable and less
vulnerable development)
Yes
Brownfield >70% in FZ1. Indicative depth of flooding (FZ3) <1.5m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Remove any more vulnerable development from FZ3 areas.
Mitigation and management may be feasible for employment and housing
purposes (e.g. land raising, garages/car parks or public areas on lower levels
of housing developments, floor raising).

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr

MB43 – MOD use
10.39
Local Development Framework (August 2006)
FZ2 – 3%, FZ3a – 2% [Fig F3-2]
FZ2 – <1%, FZ3a – 2% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: > 1.5
Max: > 1.5 [Fig F3-5]
Min: 0.00
Average: > 1.5
Max: > 1.5 [Fig F3-7]

JBA Consulting
ïïïKàÄ~ÅçåëìäíáåÖKÅçKìâ=
N:\2006\Projects\2006s2015 - Plymouth City Council - Level 2 SFRA for Millbay and Stonehouse, Plymouth\Reports\Project reports\Full report with
PPS25\Digital deliverables (Jan 08)\2006s2015 Plymouth Level 2 SFRA Final Report v19 (8 Jan 08).doc: 15/01/2008

78

Plymouth City Council
Plymouth Level 2 Strategic Flood Risk Assessment
Final Report

Site:
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:

Exception Test Applicable?
Issues and recommendations:

MB43 – MOD use
Undefended
None reported
Soils: Well drained fine loamy and fine silty soils
Drift Geology: Alluvium
Solid Geology: Devonian limestone
Low-Medium
Brownfield
Flood warning: Yes (1T1)
Proposed for future MOD use (more, vulnerable, less vulnerable and water
compatible development)
Yes
Brownfield. >90% in FZ1. Indicative flooding depth (FZ3) >1.5m
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Consider water compatible development in FZ3 areas. Remove any more
vulnerable development from FZ3 areas.

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:

Exception Test Applicable?
Issues and recommendations:

MB44 – Safeguard and enhance port & marine related employment
9.01
Local Development Framework (August 2006)
FZ2 – 65%, FZ3a – 7% [Fig F3-2]
FZ2 – 7%, FZ3a – 12% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F3-5]
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F3-7]
Undefended
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Devonian limestone
Possible contaminated land from old industrial sites
Medium
Brownfield
Flood warning: Yes (1T1)
Proposed for port and marine related employment (less vulnerable and water
compatible development)
Yes, if non-water compatible development
Brownfield. Indicative depth of flooding (FZ3) is <1m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Mitigation and management may be feasible for employment purposes (e.g.
land raising, floor raising). Remove any more vulnerable development from
FZ3 areas.

Site:
Size (ha):

MB46 – Mixed use regeneration
14.17
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Site:
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:

Exception Test Applicable?
Issues and recommendations:

MB46 – Mixed use regeneration
Local Development Framework (August 2006)
FZ2 – 45.7%, FZ3a – 0% [Fig F3-2]
FZ2 – 0.4%, FZ3a – 1.3% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: 1-1.5 Max: > 1.5 [Fig F3-5]
Min: 0.00
Average: 1-1.5 Max: : > 1.5 [Fig F3-7]
Undefended
Flood in 1992 reported in Phoenix Street to be due to inadequacy of sewers
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Possible contaminated land from old industrial sites
Medium
Brownfield
Flood warning: Yes (1T1)
Proposed for mixed use regeneration (highly vulnerable, more vulnerable and
less vulnerable development)
Yes
Brownfield and >50% in FZ1. Indicative flooding depth (FZ3) <1.5m.
LiDAR projection of 1000 year flood does not indicate any flooding beyond
immediate quayside area implying even more land should be designated as
FZ1.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Consider water compatible uses for FZ3 areas to safeguard open spaces for
water storage.
The existing planning application for this area would influence flood risk on
this area and provide opportunities for mitigation (including predicted climate
change effects) to new and existing development at risk.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Mitigation and management may be feasible for housing and employment
purposes (e.g. land raising, floor raising, garages/car parks or public areas on
lower levels of housing developments).

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:
Exception Test Applicable?
Issues and recommendations

MB47 – Residential development
0.64
Local Development Framework (August 2006)
FZ2 – 86%, FZ3a – 0% [Fig F3-2]
FZ2 – 28%, FZ3a – 0% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: 0.00
Max: 0.00 [Fig F3-5]
Min: 0.00
Average: 1-1.5 Max: > 1.5 [Fig F3-7]
Defended (part)
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Alluvium
Solid Geology: Devonian limestone
Low-medium
Brownfield
Flood warning: Yes (1T1)
Proposed for residential development (more vulnerable)
Yes
Brownfield. Indicative depth of flooding (FZ3) 0m.
An assessment of flood risk will be required for any development in FZ2 and

JBA Consulting
ïïïKàÄ~ÅçåëìäíáåÖKÅçKìâ=
N:\2006\Projects\2006s2015 - Plymouth City Council - Level 2 SFRA for Millbay and Stonehouse, Plymouth\Reports\Project reports\Full report with
PPS25\Digital deliverables (Jan 08)\2006s2015 Plymouth Level 2 SFRA Final Report v19 (8 Jan 08).doc: 15/01/2008

80

Plymouth City Council
Plymouth Level 2 Strategic Flood Risk Assessment
Final Report

Site:

MB47 – Residential development
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Mitigation and management may be feasible for housing purposes (e.g. land
raising, garages/car parks or public areas on lower levels of housing
developments, floor raising).

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:

Exception Test Applicable?
Issues and recommendations:

MB48 – Safeguard and enhance port & marine related employment
0.69
Local Development Framework (August 2006)
FZ2 – 100%, FZ3a – 0% [Fig F3-2]
FZ2 – 10%, FZ3a – 0% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: 0.00
Max: 0.00 [Fig F3-5]
Min: 0.00
Average: < 1
Max: > 1.5 [Fig F3-7]
Undefended
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Devonian limestone
Medium
Brownfield
Flood warning: Yes (1T1)
Proposed for port and marine related employment (less vulnerable and water
compatible development)
Yes
Brownfield. Indicative depth of flooding (FZ3) is 0m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Mitigation and management may be feasible for employment purposes (e.g.
land raising, floor raising). Remove any more vulnerable development from
FZ3 areas.

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:

MB49 – Improve existing urban area
6.18
Local Development Framework (August 2006)
FZ2 – 5%, FZ3a – <1% [Fig F3-2]
FZ2 – 0%, FZ3a – 3% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: > 1.5
Max: > 1.5 [Fig F3-5]
Min: 0.00
Average: > 1.5
Max: > 1.5 [Fig F3-7]
Defended (part)
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Alluvium
Solid Geology: Devonian limestone
Low-medium
Brownfield
Flood warning: Yes (1T1)
Proposed for urban development (highly vulnerable, more vulnerable and less
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Site:
Exception Test Applicable?
Issues and recommendations:

MB49 – Improve existing urban area
vulnerable development)
Yes
Brownfield 95% in FZ1. Indicative depth of flooding (FZ3) >1.5m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
Remove any more vulnerable development from FZ3 areas. Consider water
compatible development for FZ3

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:
Exception Test Applicable?
Issues and recommendations:

MB50 – Green space
0.60
Local Development Framework (August 2006)
FZ2 – 54%, FZ3a – 27% [Fig F3-2]
FZ2 – 2%, FZ3a – 36% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: > 1.5
Max: > 1.5 [Fig F3-5]
Min: 0.00
Average: > 1.5
Max: > 1.5 [Fig F3-7]
Defended
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Devonian limestone
Medium
Greenspace
Flood warning: Yes (1T1)
Proposed as greenspace (water compatible development)
No, unless any non-water compatible development
Very few, if any, buildings within designated greenspace. Indicative flooding
depth >1.5m.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 and may be required for FZ1 areas (e.g. if development area >1ha).
Removal of any non-water compatible development from FZ3 may be
appropriate.

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:

Exception Test Applicable?

MB51 – Improve existing urban area
1.25
Local Development Framework (August 2006)
FZ2 – 100%, FZ3a – 0% [Fig F3-2]
FZ2 – 0%, FZ3a – 0% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: 0.00
Max: 0.00 [Fig F3-5]
Min: 0.00
Average: 0.00
Max: 0.00 [Fig F3-7]
Undefended
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Brownfield
Flood warning: Yes (1T1)
Proposed for urban development (highly vulnerable, more vulnerable and less
vulnerable development)
Yes
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Site:
Issues and recommendations

MB51 – Improve existing urban area
LiDAR projection of 1000 year flood does not indicate any flooding in this area
implying the land should be designated as FZ1.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
The existing planning application for this area would influence flood risk on
this area and provide opportunities for mitigation (including predicted climate
change effects) to new and existing development at risk.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:

Exception Test Applicable?
Issues and recommendations:

MB52 – Improve existing urban area
9.24
Local Development Framework (August 2006)
FZ2 – 27%, FZ3a – 0% [Fig F3-2]
FZ2 – 0%, FZ3a – 0% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: 0.00
Max: 0.00 [Fig F3-5]
Min: 0.00
Average: 0.00
Max: 0.00 [Fig F3-7]
Undefended
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent (west half), Alluvium (east half)
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Low-medium
Brownfield
Flood warning: Yes (1T1)
Proposed for urban development (highly vulnerable, more vulnerable and less
vulnerable development)
Yes
LiDAR projection of 1000 year flood does not indicate any flooding in this area
implying the land should be designated as FZ1.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
The existing planning application for this area would influence flood risk on
this area and provide opportunities for mitigation (including predicted climate
change effects) to new and existing development at risk.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).

Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

MB53 – Improve existing urban area
18.67
Local Development Framework (August 2006)
FZ2 – 17%, FZ3a – 8% [Fig F3-2]
FZ2 – 6%, FZ3a – 1% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: > 1.5
Max: > 1.5 [Fig F3-5]
Min: 0.00
Average: 1-1.5 Max: > 1.5 [Fig F3-7]
Undefended
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent (west third), Alluvium (east two thirds)
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Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:

Exception Test Applicable?:
Issues and recommendations:

MB53 – Improve existing urban area
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Low-medium
Brownfield
Flood warning: Yes (1T1)
Proposed for urban development (highly vulnerable, more vulnerable and less
vulnerable development)
Yes
LiDAR projection of 1000 year flood does not indicate any flooding in this area
implying the land should be designated as FZ1.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
Consider water compatible uses for FZ3 areas to safeguard open spaces for
water storage.
The existing planning application for this area would influence flood risk on
this area and provide opportunities for mitigation (including predicted climate
change effects) to new and existing development at risk.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:

Exception Test Applicable?
Issues and recommendations:

MB54 – Improve existing urban area
10.52
Local Development Framework (August 2006)
FZ2 – 3%, FZ3a – 0% [Fig F3-2]
FZ2 – 0%, FZ3a – 0% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: 0.00
Max: 0.00 [Fig F3-5]
Min: 0.00
Average: 0.00
Max: 0.00 [Fig F3-7]
Undefended
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent (north two thirds), Alluvium (south third)
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Low-medium
Brownfield
Flood warning: Yes (1T1)
Proposed for urban development (highly vulnerable, more vulnerable and less
vulnerable development)
Yes
LiDAR projection of 1000 year flood does not indicate any flooding in this area
implying the land should be designated as FZ1.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
The existing planning application for this area would influence flood risk on
this area and provide opportunities for mitigation (including predicted climate
change effects) to new and existing development at risk.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).

Site:
Size (ha):
Reference:
EA Flood Zones:

MB55 – Improve existing urban area
34.6
Local Development Framework (August 2006)
FZ2 – <1%, FZ3a – 0% [Fig F3-2]
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Site:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:

Exception Test Applicable?
Issues and recommendations:

MB55 – Improve existing urban area
FZ2 – 0%, FZ3a – 0% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: 0.00
Max: 0.00 [Fig F3-5]
Min: 0.00
Average: 0.00
Max: 0.00 [Fig F3-7]
Undefended
None reported
Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent (north and south strip), Alluvium (central strip)
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Low-medium
Brownfield
Flood warning: Yes (1T1)
Proposed for urban development (highly vulnerable, more vulnerable and less
vulnerable development)
Yes
LiDAR projection of 1000 year flood does not indicate any flooding in this area
implying the land should be designated as FZ1.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
The existing planning application for this area would influence flood risk on
this area and provide opportunities for mitigation (including predicted climate
change effects) to new and existing development at risk.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:
Exception Test Applicable?
Issues and recommendations

MB56 – Site reserved for secondary school
5.4
Local Development Framework (August 2006)
FZ2 – 6%, FZ3a – 0% [Fig F3-2]
FZ2 – 0%, FZ3a – 0% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: 0.00
Max: 0.00 [Fig F3-5]
Min: 0.00
Average: 0.00
Max: 0.00 [Fig F3-7]
Undefended
None reported
Soils: Area has been infilled with landfill
Drift Geology: Absent
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Medium
Greenspace, though has been landfilled in past
Flood warning: Yes (1T1)
Site in greenspace proposed for secondary school (more vulnerable)
Yes
LiDAR projection of 1000 year flood does not indicate any flooding in this area
implying the land should be designated as FZ1.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
The existing planning application for this area would influence flood risk on
this area and provide opportunities for mitigation (including predicted climate
change effects) to new and existing development at risk.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).
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Site:

MB56 – Site reserved for secondary school

Site:
Size (ha):
Reference:
EA Flood Zones:
LiDAR projected Flood Zones
Tidal/Fluvial:
Projected flood depth 200 yr
Projected flood depth 1000 yr
Defended:
Historical flooding /
Drainage issues on site:
Soil and geology map data

MB59 – Improve existing urban area
9.00
Local Development Framework (August 2006)
FZ2 – 78%, FZ3a – 0% [Fig F3-2]
FZ2 – 0%, FZ3a – 0% [Fig F3-4 & Fig F3-6]
Tidal
Min: 0.00
Average: 0.00
Max: 0.00 [Fig F3-5]
Min: 0.00
Average: 0.00
Max: 0.00 [Fig F3-7]
Undefended
Flood in 1990 reported in The Octagon to be due to inadequacy of sewers

Indicative suitability for SuDS:
Brown / Greenfield:
Additional information:

Exception Test Applicable?
Issues and recommendations:

Soils: Well drained fine loamy and fine silty soils over rock
Drift Geology: Absent (east three quarters), Alluvium (west quarter)
Solid Geology: Upper Devonian and Upper Old Red Sandstone
Low-medium
Brownfield
Flood warning: Yes (1T1)
Proposed for urban development (highly vulnerable, more vulnerable and less
vulnerable development)
Yes
LiDAR projection of 1000 year flood does not indicate any flooding in this area
implying the land should be designated as FZ1.
An assessment of flood risk will be required for any development in FZ2 and
FZ3 areas and may be required for FZ1 areas (e.g. if development area >1ha).
The existing planning application for this area would influence flood risk on
this area and provide opportunities for mitigation (including predicted climate
change effects) to new and existing development at risk.
Need to consider management of residual risks (i.e. flood resilience and
resistance, flood warning and evacuation/emergency service arrangements,
storage of excess surface water).

9.4

Breach and overtopping modelling
Following consultation with Plymouth City Council and the Environment Agency it was
decided to undertake some 2-d hydraulic modelling using the JFLOW software of an
overtopping scenario in the Millbay harbour area. This area is known to be vulnerable to
tidal flooding. Breaches and overtopping can bring rapid inundation of areas and
therefore hazardous conditions to the population affected. The extent, depth and speed
of flooding caused by these scenarios could potentially alter the categorisation of the
development zones affected and also be a factor in the residual risk assessment. There is
clearly a concern that extreme tidal floods could extend north eastwards across Millbay
Road and then downhill towards the Union Street area via Bath Street. This is the area
enclosed within the current Environment Agency Flood Zone 2 outline. This occurrence, if
it took place, would have a considerable impact on the population and property affected.
The 2-d modelling, including the predictions for two future years, provided additional
information on future flood risk in this area.
The overtopping modelling was based on the present day 200 year (0.5% AEP) tidal flood
event and for two future years (taking account of the current climate change predictions
for sea level rise), namely 2050 and 2110. Increased wave height as a consequence of
climate change was not considered to be significant in the sheltered inner part of the
Millbay harbour area. The outer harbour is reasonably well protected by the presence of
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Drakes Island about 0.5km due south of the Millbay harbour entrance. A more detailed
description of the modelling methodology is given in Section 4.9.
Due to the position of Millbay harbour area on Plymouth Sound it was decided to use the
extreme still water levels predicted for Devonport (OS Grid Ref SX455 540), approximately
2km west of the entrance to the Millbay harbour. The present day 200 year extreme still
water sea level used in the JFLOW model for the Millbay area was 3.68m AOD. The
increase in this level as a consequence of climate change effects utilised the values given
in draft PPS25, Annex B – Climate Change Allowances which predicts a 0.45m rise in sea
level in 2050 and a 1.25m rise in sea level in 2110 for this part of England.
9.4.1

Overtopping scenario
The results of the overtopping scenarios for the present day situation, 2050 and 2110 are
given in Figure F3- 11, Figure F3- 12 and Figure F3- 13 respectively.
The present day 0.5% AEP tidal event only extends a short distance onto the western
shore of the inner harbour area (development zone MB44) with flooding to a depth of less
than 0.5m. A few small areas of shallow flooding exist in the vicinity of some of the piers
and the shoreline in the south western corner of the outer harbour (MB41)
The predicted 2050 0.5% tidal flood extends onto the immediate quayside area and onto
most of the piers within the harbour (development zones MB43, MB44, MB46, MB47,
MB48, MB49). However, the depth of flooding is generally shallow (<0.5m), though a few
small areas of 0.5m-1.0m depth of flooding also occur. The shoreline area in the south
western corner of the outer harbour has deeper flooding >1m depth (MB41 and MB43).
The predicted 2110 0.5% tidal flood extends considerably further inland covering the
majority of development zone MB44 to a depth of <0.5m in most cases, but with some
areas with a 0.5-1.0m depth of flooding near the Ferryport/Ferry Terminal. Shallow (00.5m depth) flooding also covers much of the East Quay area in development zone MB46,
including the piers (MB47 and MB48) and parts of MB49. This flood also manages to
overtop Millbay Road and run north eastwards down Bath Street and Martin Street (in
MB46) to reach the low points on Union Street (MB53) and the Octagon Street (MB59)
area. Again, the flooding is generally shallow <1.0m, though there are some areas of
deeper flooding 1-1.5m depth in parts of Bath Street and Martin Street.

9.4.2

Modelling summary
The overtopping scenario modelling has shown that the future 0.5% AEP tidal flood events
for 2050 and, particularly, 2110 would extend a significant distance further inland when
compared to the present day situation, though the depth of flooding is generally quite
shallow (<0.5m). In the worst case 2110 scenario the maximum extent of the flood
reached development zones outside the quayside area currently designated for mixed use
regeneration (MB46), and mixed commercial/residential development (MB53, MB59) in the
LDF. However, the depths of flooding are generally less than 1.0m. The extent and depth
of the predicted 2110 flood should guide the assessment of whether a development type
is appropriate in a particular development zone and what mitigation measures might be
appropriate for certain development types.

9.5

Millbay review
The assessment of the development zones in the Millbay for flood risk has identified a
number of zones that are at risk of tidal flooding and that this risk will increase in future as
a consequence of the current predictions for a rise in sea level due to climate change. In
some zones the currently proposed development type would not be permitted in Flood
Zone 3 areas due to its vulnerability classification as part of the Sequential Test and
should be moved to areas with a lower probability of flooding. The application of the
Exception Test to a number of the proposed non-water compatible development types in
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Flood Zones 2 and 3 would require specific flood risk assessments to be undertaken,
which would determine the feasibility of appropriate mitigation measures and include a full
consideration of the residual risks (i.e. flood resilience and resistance, flood warning and
evacuation/emergency service arrangements, storage of excess surface water).
An existing planning application for the Millbay area, commissioned by English Cities and
English Partnerships, proposes to raise the level of Millbay Road in the vicinity of Martin
Street and Bath Street to a level above the predicted 200 year (0.5% AEP) tidal flood event
for the year 2110. If this new road level was appropriately designed with a long-term
maintenance regime, taking account of predicted climate change effects, then it would
serve to greatly alleviate the current tidal flood risk in the more vulnerable development
zones north east of the Millbay harbour, namely MB53 and MB59. The management of
the flood risk north east of Millbay Road would be made more sustainable if the proposed
development also implemented SuDS principles to mitigate against the potentially
increased surface runoff and the safe storage of this excess water volume during periods
of extreme tidal flood conditions when gravity drainage into the harbour or direct into
Plymouth Sound under gravity would not be possible.
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10

NORTH PLYMSTOCK HIGH QUALITY PUBLIC TRANSPORT ROUTE

10.1

Background
JBA Consulting was also commissioned by Plymouth City Council to undertake a strategic
flood risk assessment/scoping study for a proposal for a High Quality Public Transport
(HQPT) System at Plymstock, Plymouth.
The HQPT (reference NP07) is proposed in the North Plymstock local development
framework document produced by Plymouth City Council. This report is prepared as a
support document for the HQPT proposal.
At the present time the HQPT is at strategy stage and therefore a detailed Flood Risk
Assessment is not warranted. However in order to provide the Environment Agency with
sufficient confidence that the development of the HQPT can be constructed with no
detriment to flood risk, a strategic study has been undertaken to identify the key issues
and to make a preliminary assessment of flood risk and to report how these will be
mitigated, if required. The report draws conclusions and makes recommendations for the
detailed flood risk assessment at a later time.

10.1.1 Proposed Route of the High Quality Public Transport
The route of the HQPT is restrained by the need to cross the River Plym at a suitable
location. Unless a new bridge is to be contemplated then the obvious location for a
crossing is the A379 Laira Bridge.
The HQPT is proposed to link Plymstock, and further new development planned up to
2016 (such as the Sherford New Community), with the city centre. As such, a route has
been chosen that is considered to be the only one available. This is along the Billacombe
Road and over the route of the former railway (now disused) and then in a direct route to
the Sherford Development proposal area.
An interim route is proposed along the Elburton Road and Haye Road until engineering
works can be undertaken to make use of the former railway and a corridor adjacent to the
Moorcroft Quarry. The interim route uses existing roads and will therefore be easier to
develop. The final route, however, will relieve congestion along Elburton Road.
The proposed route of the HQPT is shown in Drawing No. 2007s2232-001 Appendix B.
10.2

Flood Risk

10.2.1 Billacombe Brook
The main flood risk over the route of the proposed HQPT is from the Billacombe Brook.
This watercourse is classified as an “ordinary” watercourse and as such comes under the
jurisdiction of Plymouth City Council.
A flood risk also exists from the River Plym at the approach to Laira Bridge.
The Billacombe Brook is a left bank tributary of the River Plym joining immediately
downstream of Laira Bridge. The watercourse is tidally affected for a distance upstream of
the confluence of the River Plym. The exact distance of the tidal influence is unknown as
the watercourse is largely contained within culvert over its downstream reaches (apart
from the most downstream 50m length). A hydraulic model would be required to
determine the tidal influence in detail, however the 100-year tidal level in the River Plym is
approximately 3.2m AOD (from the River Plym Model study by JBA Consulting on behalf
of the Environment Agency) and the ground level at the supermarket at the downstream
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extent of the long culvert is approximately 6.2m AOD (from LIDAR data). The ground then
rises quickly as you go upstream, reaching a level of 19.2m AOD at the entrance to the
culvert at the quarry entrance. Based on these levels, the tidal effect is only expected to
extend approximately 100m from the confluence with the River Plym and 50m within the
culvert.
The Billacombe Brook is contained within a long culvert from the supermarket located
between the A379 and Pleasure Hill Close upstream for a distance of 1380m to the
entrance of Moorcroft Quarry.
The culvert is a box shape approximately 1.5m wide and 0.75m deep at the upstream end
by the quarry (see Plate 10-1) and a box shape approximately 3m wide by 2m deep at the
downstream end by the supermarket (see Plate 10-2).
Plate 10-1: Culvert Entrance at Quarry Entrance

As can be seen in Plate 10-1 there is approximately a 2m head available at the inlet to the
culvert before overspill would occur over the quarry entrance road and then possibly down
Billacombe Road.
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Plate 10-2: Culvert Exit at Supermarket

Upstream of the culvert inlet the Billacombe Brook is contained within open channels in a
well defined valley. The watercourse crosses beneath the quarry entrance road and then
comes from an eastern direction flowing alongside the access road. Further upstream the
watercourse skirts around the edge of a quarry and under Haye Road in culvert. The
watercourse (still flowing from the west) is contained between a playing field and a
screening embankment of adjacent quarry.
10.2.2 Culvert Capacity
The hydrology of the Billacombe Brook catchment is covered in Section 10-3. The 1 in
100-year flow is estimated as 5.8m3/s at the downstream extent of the culvert and 4.6m3/s
at the upstream inlet. The gradient of the culvert based on the levels obtained from LIDAR
(see Figure 2-1) is 1 in 105.
From Manning’s equation, the capacity of a 1.5m by 0.75m box culvert at a gradient of 1
3
in 105 is 4.76m /s. Thus the culvert capacity from simple equations is considered to be
adequate for a 1 in 100-year flood event at the upstream end. Adding a 20% increase in
flow to allow for climate change over the next 50 years will reduce the protection provided
by the culvert. However it will be necessary to obtain more detailed information about the
culvert, such as size and level throughout its length in order to determine the capacity in
more detail.
Plymouth City Council Highways have confirmed that no flooding has been known from
the culvert and no problems of collapses or damage have occurred in the last 30 years.
This would support the hydraulic capacity calculations.
The inlet to the culvert has a trash screen attached to it and the responsibility for clearing
this is with the owners of the quarry. Clearance work is undertaken as the need arises
and, being very visible from the quarry entrance, this is carried out on a regular basis.
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Figure 10-1 LiDAR Digital Elevation Model
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10.2.3 Billacombe Brook Open Channels
The Billacombe Brook is in open channel upstream of the long culvert, flowing through the
quarry sites and then alongside a playing field.
The watercourse has been diverted in the past through the quarry site and details of the
watercourse diversion were obtained from Aggregates Ltd who manage the quarry.
The Flood Risk Zones adjacent to the watercourse are shown on Drawing 2007s2232-001
in Appendic B.
10.2.4 The route of the HQPT in relation to the Flood Zones
The broad scale strategic flood zones show that part of the proposed HQPT route falls
within Flood Zones 2 and 3 through the quarry site. More detailed hydraulic modelling is
required to define the extent of the flood zones here in more detail. The final route of the
HQPT will be chosen to avoid the floodplain, which is possible as the ground rises quickly
from the watercourse. – see Figure 10-2.
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Figure 10-2 Route of HQPT through Quarry Site

At the playing fields the HQPT will be again be located to the south of Flood Zones 2 and
3 as shown in Figure 10-3. It is proposed to construct the HQPT route above existing
floodplain levels (including an allowance for climate change).
Consultants Scott Wilson, working for the developers of the proposed Sherford New
Community, have recommended that the HQPT be located to the north of the Billacombe
Brook at the playing fields between a quarry screening embankment and the Billacombe
Brook see Figure 10-3. This option is also acceptable from the point of view of flood risk
as it will be above the floodplain levels. However the construction will require careful
design in relation to the stability of the screening embankment. Plymouth City Council’s
option to route the HQPT to the south within the playing fields would be a simpler
construction but may have to overcome objections concerning re-siting the playing fields.
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Figure 10-3 Route of HQPT at the Playing Fields and Farmland

10.2.5 River Plym
The route of The HQPT will be affected by the floodplain of the River Plym on the
approach to Laira Bridge at Laira Bridge Road. The Environment Agency Flood Maps
shows the road to be with Flood Zone 2. As such this is considered to be acceptable from
PPS25 and will not require an exception test to be undertaken. The design water levels in
the River Plym should be checked against the road levels at a later stage.
10.2.6 Surface Water Discharge
The effect of surface water discharge from the new lengths of the HQPT not on existing
roads will require assessment at the detailed design stage. No additional flow should be
discharged to the Billacombe Brook therefore SuDS and balancing of flows will be
required.
10.3

Hydrology

10.3.1 Catchment
2

The catchment area of the Billacombe Brook is 5.58km at the downstream end of the long
2
culvert at OS NGR SX 508539 as shown in Figure 10-4 and 4.21km at the upstream
culvert inlet.

JBA Consulting
ïïïKàÄ~ÅçåëìäíáåÖKÅçKìâ=
N:\2006\Projects\2006s2015 - Plymouth City Council - Level 2 SFRA for Millbay and Stonehouse, Plymouth\Reports\Project reports\Full report with
PPS25\Digital deliverables (Jan 08)\2006s2015 Plymouth Level 2 SFRA Final Report v19 (8 Jan 08).doc: 15/01/2008

94

Plymouth City Council
Plymouth Level 2 Strategic Flood Risk Assessment
Final Report

Figure 10-4 Billacombe Brook Catchment Area from FEH CDROM

Catchment Descriptors
The catchment descriptors for the Billacombe Brook at the entrance to the existing culvert
are shown in Table 3-1.
Table 3-1: Catchment Descriptors
Area
5.58

FARL
1

PROPWET
0.48

BFIHOST
0.706

DPLBAR
3.19

DPSBAR
60.7

SAAR
1076

SPRHOST
15.9

URBEXT
0.106

10.3.2 Hydrological Assessment
A hydrological assessment has been undertaken for the Billacombe Brook at the
downstream extent of the culvert. The Revitalised Rainfall Runoff Method (ReFH) has
been used as the catchment rainfall is high (SAAR 1076). As advised by the Environment
Agency latest guidance on the use of the ReFH method is that it is suitable as the URBEXT
value for the catchment (degree of urban area) is less than 0.125.
3

3

The 100 year peak flow is estimated as 5.8m /s at the culvert exit and 4.6m /s at the
culvert inlet. The hydrological results are shown in Appendix B.
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10.4

Planning Issues

10.4.1 PPS25
Planning Policy Statement 25 (PPS25) was recently issued by the Department for
Communities and Local Government (December 2006). PPS25 deals specifically with
development planning and flood risk using a sequential characterisation of risk based on
planning zones and the Environment Agency Flood Map. The main study requirement is to
identify the flood zones and vulnerability classification relevant to the proposed
development, based on an assessment of current and future conditions.
10.4.2 Flood Zone Maps
The Environment Agency has developed a Flood Map which shows the risk of flooding in
England and Wales for different return period events. Table A-1 in Appendix A.1 shows
how the Flood Zones relate to a sequential planning response. Flood Zones assume that
no defences are present and so where defences do exist they are only indicative of the
potential flood extent during scenarios of defence failure. Planning responses within each
flood zone relate to the flood vulnerability classification of different types of land use,
shown in Table A-2 in Appendix A.2.
According to the latest issue of the Flood Map (December 2006), the culverted
watercourse is located within Zone 3 (“High Probability”) with greater than 1 in 100
probability of flooding in any one year, assuming no defences (Drawing 2007s2232-001).
However the Flood Zone Maps are based on a broad approach to hydrology and
modelling and take no account that the watercourse is located within a culvert. Thus the
Flood Zone Maps, at least over the culverted length of the watercourse, are considered to
be inaccurate and it is considered that a hydraulic model will be required to determine the
actual flood risk.
PPS25 classifies development types into Vulnerability Classifications as shown in Table A2. The HQPT is classified as Essential Infrastructure. From Figure 3-2 such a development
within Flood Zone 3a or 3b will require an Exception Test to justify the presence of the
development within a flood risk area. For the HQPT it is considered at this stage that an
exception test will be required, however, it is recommended that a detailed model study be
undertaken that will almost certainly show that the route of the proposed HQPT is not
within Flood Zone 3, but is instead in Flood Zone 2 or 1 and as such will not require an
Exception Test to be undertaken.
10.4.3 Risks to People
Guidance produced by Defra and the Environment Agency on flood risk to people is
available to classify the hazard to people21. This classification, which is based soley on the
flood depoth and velocity, is described in Table 10-1.

21

Flood Risks to People FD2321/TR1 - Defra/Environment Agency, 2006

JBA Consulting
ïïïKàÄ~ÅçåëìäíáåÖKÅçKìâ=
N:\2006\Projects\2006s2015 - Plymouth City Council - Level 2 SFRA for Millbay and Stonehouse, Plymouth\Reports\Project reports\Full report with
PPS25\Digital deliverables (Jan 08)\2006s2015 Plymouth Level 2 SFRA Final Report v19 (8 Jan 08).doc: 15/01/2008

96

Plymouth City Council
Plymouth Level 2 Strategic Flood Risk Assessment
Final Report

Table 10-1 Hazard to people as a function of flood depth and velocity
Flood hazard rating
(Depth x (velocity+0.5))

Degree of Flood Hazard

<0.75

Low

0.75 - 1.25

Moderate

1.25 – 2.5

Significant

>2.5

Extreme

Description
Caution
“Flood zone with shallow flowing water
or deep standing water”
Dangerous for some (i.e. children)
“Danger: flood zone with deep or fast
flowing water”
Dangerous for most people
“Danger: flood zone with deep fast
flowing water”
Dangerous for all
“Extreme danger: flood zone with deep
fast flowing water”
pçìêÅÉW=caOPONLqoN=q~ÄäÉ=PKO=

Most cars and vans become unstable in 0.5m of still water, although this depth reduces as
the velocity of water increases. Larger vehicles, including buses and emergency vehicles
such as fire engines, become unstable in 0.9m of still water or less depending on flow
velocity. Given the gradient of Billacombe Road along which the HQPT will be located (1
in 105), it is considered if water should escape from the culverted watercourse due to a
blockage or a flow that exceeds the culvert capacity, the depth of water is going to be
shallow (less than 0.3m) and as such, with say a velocity of 2m/s the flood risk hazard
would be classified as low from Table 10-1.
10.5

Plymstock Quarry

10.5.1 Development Proposal
Plymstock Quarry to the north of Plymstock is planned for mixed use development. The
development proposal could have up to 1650 residential units by 2016, a primary school,
retail, food store and 2.5ha of employment. Access to the site is proposed from the A379
and also from an eastern access link. The site is referenced as NP01 in the Plymouth City
Council local development framework document and includes the Wakehams Quarry,
which is located adjacent to the River Plym and referenced as NP03. See attached extract
from the local development framework document.
10.5.2 Flood Risk Zones
The Environment Agency maps of flood zones identify that a small part of the Plymstock
Quarry site is affected by areas at high risk of flooding (Zone 3) and Medium Risk (Zone 2).
Whilst the majority of the site remains free from flood risk (Zone 1) the existing access
alongside the River Plym is vulnerable as shown in Figure 1 (Appendix B) and the
proposed access off the A379 is also shown to be within Flood Zone 3 (see Figure 1,
Appendix B).
10.5.3 Flood Risk
The majority of the site is at a low flood risk and the main issues for Flood Risk
Assessment will therefore be the discharge of surface water. This will need to be limited
to the existing Greenfield run-off from the site and ideally aim for a 20% reduction in peak
flows from existing.
Reducing the flood risk to the existing access alongside the River Plym into the Wakeham
Quarry site will be difficult as protecting the road with flood defences along the Plym will
be costly and there will be issues of floodplain loss to consider if the road is protected. It
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is proposed that there is a second (and primary) access to the Wakeham Quarry site from
the Plymstock Quarry and as such a dry access to the development will be available at all
times. Therefore protecting the existing access alongside the River Plym is not considered
necessary.
To assess the detailed flood risk to the proposed access points to the Plymstock Quarry
from the A379 will require a detailed hydraulic model study to determine the actual flood
risk from the Billacombe Brook that is culverted under the A379 (Figure 1, Appenidx B) .
However, based on levels obtained from LIDAR and preliminary calculations the capacity
of the culverted length of the Billacombe Brook is considered to be adequate to contain a
1 in 100-year return period flood without flooding. Adding a 20% increase in flow to allow
for climate change over the next 50 years will reduce the protection provided by the
culvert and the culvert may not be of sufficient size to cater for this increase in flow.
If water escapes from the culverted watercourse due to a blockage it is considered that
the water depth along the road will be shallow due to the fairly steep gradient of the road.
No flooding has been known from the culvert and no problems of collapse or damage
have occurred in the last 30 years
The Environment Agency Flood Risk Maps are considered to be incorrect over the
culverted length of the Billacombe Brook. Calculations based on LiDAR ground level data
and a flow estimate undertaken using Flood Estimation Handbook methods show that the
Billacombe Road will not flood at a 1 in 100-year return period flood and as such the road
is considered to be in Flood Zone 1 or 2.
10.5.4 Sequential Test
Applying the PPS25 Sequential Test to sites within Plymouth it is considered that the
Plymstock Quarry, including the Wakeham Quarry, is a low flood risk site and is suitable
for development before other sites that are located within Flood Zone 3. The only parts of
the site that are within Zone 3 are the access points and these have been covered in
Section 10.5.3.
10.6

Conclusion and Recommendations

10.6.1 Conclusions
•
•

•

•
•

•

The route of the HQPT is proposed along the Billacombe Road, through a quarry site and
over land currently occupied by playing fields and farmland.
The route of the HQPT as shown in the local development framework document is
considered to be the only one possible to connect the existing and proposed
developments on the eastern side of Plymouth with the city centre by crossing the River
Plym at Laira Bridge.
The capacity of the culverted length of the Billacombe Brook is considered to be adequate
to contain a 1 in 100-year return period flood without flooding. Adding a 20% increase in
flow to allow for climate change over the next 50 years will reduce the protection provided
by the culvert and the culvert may not be of sufficient size to cater for this increase in flow.
If water escapes from the culverted watercourse due to a blockage it is considered that
the water depth along the road will be shallow due to the fairly steep gradient of the road.
The Environment Agency Flood Risk Maps are considered to be incorrect over the
culverted length of the Billacombe Brook. Calculations based on LiDAR ground level data
and a flow estimate undertaken using Flood Estimation Handbook methods show that the
Billacombe Road will not flood at a 1 in 100-year return period flood and as such the road
is considered to be in Flood Zone 1 or 2.
No flooding has been known from the culvert and no problems of collapse or damage
have occurred in the last 30 years.
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•
•

The route of the HQPT at the approach to the River Plym Laira Bridge is located with
Flood Zone 2 based on flood risk from the River Plym. This is acceptable from PPS25.
The route of the HQPT as currently identified by the local development framework
document is considered to be acceptable in terms of flood risk.

10.6.2 Recommendations
•
•
•

The route of the HQPT proposed in the Plymouth City Council local development
framework document is adopted as the flood risk is considered to be minimal over the
chosen route.
A detailed hydraulic model study of the Billacombe Brook should be carried out at later
stage to identify the detailed flood risk from Billacombe Brook.
The effect of surface water discharge from the new lengths of the HQPT not on existing
roads will require assessment at the detailed design stage and this should include surface
water balancing and SuDS.
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11

GUIDANCE FOR DETAILED FLOOD RISK ASSESSMENTS

11.1

General
In accordance with current planning policy guidance, the planning process encourages
only sustainable development in areas vulnerable to flooding. This includes adopting a
precautionary approach to decisions based on estimates of the present and future impact
of flood risks. The Plymouth Level 2 SFRA focuses on delivering a strategic assessment
of flood risk within specific areas of Plymouth. Prior to development, site specific
assessments will need to be undertaken to ensure that all forms of flood risk, at a site, are
fully addressed. In addition, following the Sequential Test, some sites may be put forward
for the Exception Test. This will require an FRA. It is normally the responsibility of the
developer to provide an FRA with an application. However, an LPA can decide to
commission a detailed, site-specific FRA to help them decide upon allocations in the high
risk zone. The SFRA cannot provide this level of site specific information. The SFRA will
provide detail in areas where models are available and the level of flood risk is high.

11.2

Standard Flood Risk Management Guidance for Developers
The aim of a Flood Risk Assessment (FRA) is to demonstrate that proposed development
will not be at risk to flooding during the design event. This includes assessment of
mitigation measures required to safely manage flood risk. The FRA also needs to
demonstrate that the proposed development will not increase flood risk either upstream or
downstream of the site. All sources of flood risk, including fluvial, surface water runoff and
drainage need to be considered.
Flood Risk Assessments for proposed development in the borough should follow the
approach recommended by:
•

The Environment Agency (see its k~íáçå~ä= pí~åÇáåÖ= ^ÇîáÅÉ= íç= içÅ~ä= mä~ååáåÖ=
^ìíÜçêáíáÉë= Ñçê= mä~ååáåÖ= ^ééäáÅ~íáçåë= Ó= aÉîÉäçéãÉåí= ~åÇ= cäççÇ= oáëâ= áå= båÖä~åÇ
(June 2004). See www.pipernetworking.com for all guidance on the scoping of
FRAs.

•

CIRIA Report C624 aÉîÉäçéãÉåí= ~åÇ= cäççÇ= oáëâ= Ó= dìáÇ~åÅÉ= Ñçê= íÜÉ= `çåëíêìÅíáçå=
fåÇìëíêó (2004)

•

PPS25 and its forthcoming Practice Guide.

These documents describe when a FRA is required and are commensurate with the advice
given in this SFRA. All proposed development sites require at least an initial assessment
of flood risks. A detailed FRA will be required for all developments that fall in the medium
and high flood risk zones and other sites where significant flood risk is identified. A brief
FRA will be required for sites in Flood Zone 1 which are greater than 1 ha (unless there are
significant flooding issues, when a more detailed FRA will be necessary).
The SFRA provides guidance on what tests and standards need to be provided by the
development. This would be elaborated on within the FRA, which should thoroughly
investigate how the residual risks after mitigation are managed and their impacts
elsewhere.
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11.3

Assessment of Fluvial Risk
The majority of potential sites are located in Flood Zone 1. They are, therefore, considered
to be at little or no risk to flooding from watercourses.
When considering future development needs in the region, a detailed and site specific FRA
is required. The design criterion for development within floodplain areas is generally to the
design event coinciding with a 1% annual probability of occurrence, including the impact
of climate change. PPS25 and this SFRA require the residual risks to be established for an
extreme event, namely the 0.1% event. This extreme event is used to test the robustness
of the mitigation scheme, particularly ensuring that the potential for loss of life is removed.
This extreme event may involve a breach in a flood defence. There is no prescribed
design standard set out in PPS25, and it is essentially down to the applicant to decide
what level of residual risk will be acceptable. HOWEVER, this SFRA describes flood
management policy frameworks that ascribe a minimum standard for residential or
medium and high vulnerability development. These would be the aim for less vulnerable
development, but it is accepted that sometimes this is not practicable or commensurate
with the risks.
Detailed consideration will need to be given to the impact these mitigation measures may
have and it is a requirement to ensure that flood risk is not increased elsewhere as a result
of development. Compensation measures may take the form of compensatory flood
storage as mitigation for loss of floodplain, enhanced flood defences and flood compatible
master planning. Compensation measures will be needed in both defended and
undefended floodplains. This concept is included in PPS25 and ensures that residual risk
is fairly managed in new and existing development.
Before embarking on detailed modelling, and in light of this SFRA, proposals for
development should be discussed in detail with the Environment Agency at an early stage.
The floodplain assessments could be conducted using hydraulic models. However, before
any modelling is undertaken a review of available information should be conducted to
assess if modelling is necessary. A survey of the floodplain may indicate whether the
Flood Zone Maps have any obvious inaccuracies and whether or not modelling of the river
system, under the 1% event, would yield a more realistic flood outline.
For fluvial floodplains an assessment of the hydrological regime is required. This should
be undertaken using available gauged records and Flood Estimation Handbook (FEH)
techniques.
Hydraulic modelling will need to include structures, such as bridges and weirs that
influence flood levels. This modelling should include floodplains to accurately determine
the depth and extent of flooding.

11.4

Surface Water Drainage Assessments
Opportunities for developing an Integrated Water or Drainage Management Strategy
across development site boundaries should be explored, and a catchment led approach
should be adopted. This approach has been recognised in the recent consultation paper
by Defra, j~âáåÖ= pé~ÅÉ= cçê= t~íÉê. An integrated approach to controlling surface water
drainage can lead to a more efficient and reliable surface water management system as it
enables a wider variety of potential flood mitigation options to be used. In addition to
controlling flood risk, integrated management of surface water has potential benefits,
including improved water quality and a reduction of water demand through grey water
recycling.
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Integrated drainage systems may be considered suitable for catchments where other
development is being planned or constructed, and where on-site measures are set in
isolation of the systems and processes downstream.
Surface water drainage assessments are required where proposed development may be
susceptible to flooding from surface water drainage systems. The potential impact upon
areas downstream of the development, including the impact on a receiving watercourse,
also needs careful consideration.
This SFRA gives an indication of the soil type at the development sites, and their suitability
for Sustainable Urban Drainage.
The requirements for surface water drainage systems will need to be discussed with the
Environment Agency and Yorkshire and South West Water. Consideration should be given
to whether a “Greenfield runoff approach” to the assessment of source control is
appropriate. This method is generally satisfactory in the cases where the development is
relatively small, isolated from other planned sites and the runoff processes are fully
understood.
The FRA should then conclude with an assessment of the scale of the impact, and the
recommended approach to controlling surface water discharge from a proposed
development.
11.5

Future Planning Applications
The first document that local planners should refer to when considering future planning
applications is the Environment Agency’s k~íáçå~ä= pí~åÇáåÖ= ^ÇîáÅÉ= íç= içÅ~ä= mä~ååáåÖ=
^ìíÜçêáíáÉë=Ñçê=mä~ååáåÖ=^ééäáÅ~íáçåë=Ó=aÉîÉäçéãÉåí=~åÇ=cäççÇ=oáëâ, England (June 2004).
This SFRA is not intended to be a prescriptive document, but a planning tool to guide
future sustainable development away from vulnerable flood risk areas. It is not intended
that minor planning applications (for small extensions or garden sheds) on existing
properties in areas that are designated not suitable for new development be prohibited.

11.6

Environment Agency Objection to Planning Authority
The SFRA should be used as a ‘first pass’ to test the validity of the Environment Agency’s
objection to any future development.
If the development meets with the recommendations of the SFRA strategically, then the
specifics of an objection should be addressed in an FRA.
A precautionary approach to development and flood risk is required. At each site,
applicants for all development proposals need to carry out an assessment of flood risk
from all sources and they also need to consider the potential impact the development
could have on others through the completion of a flood risk and runoff assessment.
Guidance on the detail required in this assessment for different types of development is
provided by the Environment Agency through their standing advice on development and
flood risk (www.pipernetworking.com). If the Environment Agency’s requirements for
sustainable development can be met through completion of an FRA then their objection,
on the basis of flood risk, is more likely to be lifted.
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FIGURES 1 – East End
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Figure F1- 1 East End: Development zones
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Figure F1- 2 East End: Development zones showing EA tidal flood zones 2 (1000 year flood) & 3 (200 year flood)
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Figure F1- 3 East End: LiDAR projected 20 year tidal flood extent
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Figure F1- 4 East End: LiDAR projected 200 year tidal flood extent
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Figure F1- 5 East End: LiDAR projected 200 year tidal flood depths
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Figure F1- 6 East End: LiDAR projected 1000 year tidal flood extent
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Figure F1- 7 East End: LiDAR Projected 1000 year tidal flood depths
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Figure F1- 8 East End: Environment Agency tidal flood zone 3 and LiDAR projected 200 year tidal flood extent
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Figure F1- 9 East End: Environment Agency tidal flood zone 2 and LiDAR projected 1000 year tidal flood extent
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Figure F1- 10 East End: Overtopping scenario – present day, 200 year tidal flood extent and depths
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Figure F1- 11 East End: Overtopping scenario – 2050, 200 year tidal flood extent and depths
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Figure F1- 12 East End: Overtopping scenario – 2110, 200 year tidal flood extent and depths

JBA Consulting
ïïïKàÄ~ÅçåëìäíáåÖKÅçKìâ=
=
N:\2006\Projects\2006s2015 - Plymouth City Council - Level 2 SFRA for Millbay and Stonehouse, Plymouth\Reports\Project reports\Full report with PPS25\Digital deliverables (Jan 08)\2006s2015 Plymouth Level 2 SFRA Final Report v19 (8
Jan 08).doc: 15/01/2008

F1-12

Plymouth City Council
Plymouth Level 2 Strategic Flood Risk Assessment
Final Report

Figure F1- 13 East End: Breach scenario – present day, 200 year tidal flood extent & depths
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Figure F1- 14 East End: Breach scenario – 2050, 200 year tidal flood extent and depths
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Figure F1- 15 East End: Breach scenario – 2110, 200 year tidal flood extent
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Figure F1- 16 East End: Laira Junction Overtopping Scenario – present day, 200 year tidal flood extent with flood zones
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Figure F1- 17 East End: Laira Junction Overtopping Scenario – 2050, 200 year tidal flood extent with flood zones
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Figure F1- 18 East End: Laira Junction Overtopping Scenario – 2110, 200 year tidal flood extent with flood zones
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Figure F1- 19 East End: Laira Junction Overtopping Scenario – 2050, 200 year tidal
flood progression after 6 hours
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Figure F1- 20 East End: Laira Junction Overtopping Scenario – 2050, 200 year tidal
flood progression after 18 hours
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Figure F1- 21 East End: Laira Junction Overtopping Scenario – 2050, 200 year tidal
flood progression after 20 hours
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Figure F1- 22 East End: Laira Junction Overtopping Scenario – 2110, 200 year tidal
flood extent after 6 hours
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Figure F1- 23 East End: Laira Junction Overtopping Scenario – 2110, 200 year tidal
flood progression after 18 hours
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Figure F1- 24 East End: Laira Junction Overtopping Scenario – 2110, 200 year tidal
flood progression after 20 hours
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FIGURES 2 – Sutton Harbour
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Figure F2- 1 Sutton Harbour: Development zones
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Figure F2- 2 Sutton Harbour: Development zones and EA tidal flood zones 2 (1000 year) & 3 (200 year)
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Figure F2- 3 Sutton Harbour: LiDAR Projected 20 year tidal flood extent
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Figure F2- 4 Sutton Harbour: LiDAR projected 200 year tidal flood extent
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Figure F2- 5 Sutton Harbour: LiDAR projected 200 year tidal flood depths
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Figure F2- 6 Sutton Harbour: LiDAR projected 1000 year tidal flood extent
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Figure F2- 7 Sutton Harbour: LiDAR Projected 1000 year tidal flood depths
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Figure F2- 8 Sutton Harbour: Environment Agency tidal flood zone 3 and LiDAR projected 200 year tidal flood extent
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Figure F2- 9 Sutton Harbour: Environment Agency tidal flood zone 2 and LiDAR projected 1000 year tidal flood extent
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Figure F2- 10 Sutton Harbour: 20m breach scenario – current, 200 year tidal flood extent and flood depths
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Figure F2- 11 Sutton Harbour: 20m breach scenario – 2050, 200 year tidal flood extent and flood depths
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Figure F2- 12 Sutton Harbour: 20m breach scenario – 2110, 200 year tidal flood extent and flood depths
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FIGURES 3 – Millbay
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Figure F3- 1 Millbay: Development zones
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Figure F3- 2 Millbay: Development zones and EA tidal flood zones 2 (1000 year) & 3 (200 year)
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Figure F3- 3 Millbay: LiDAR Projected 20 year tidal flood extent
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Figure F3- 4 Millbay: LiDAR projected 200 year tidal flood extent
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Figure F3- 5 Millbay: LiDAR projected 200 year tidal flood depths
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Figure F3- 6 Millbay: LiDAR projected 1000 year tidal flood extent
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Figure F3- 7 Millbay: LiDAR Projected 1000 year tidal flood depths
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Figure F3- 8 Millbay: Environment Agency tidal flood zone 3 and LiDAR projected 200 year tidal flood extent
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Figure F3- 9 Millbay: Environment Agency tidal flood zone 2 and LiDAR projected 1000 year tidal flood extent
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Figure F3- 10 Millbay: LiDAR projected flood extent for a tidal flood level reaching 4.30m AOD in the inner harbour
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Figure F3- 11 Millbay: Overtopping scenario – current, 200 year tidal flood extent and flood depths
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Figure F3- 12 Millbay: Overtopping scenario – 2050, 200 year tidal flood extent and depths
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Figure F3- 13 Millbay: Overtopping scenario – 2110, 200 year tidal flood extent and depths
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FLOOD RISK ZONES

Table A- 1 Flood Risk Zones

22

Zone 1: Low Probability
This zone comprises land assessed as having a less than 1 in 1000 chance of river or sea flooding in any
year (<0.1%).
All the uses of land listed in the Flood Risk Vulnerability Classification (see Table A-2) are appropriate in this
zone.
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 considerations require
particular attention.
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.

Zone 2: Medium Probability
This zone comprises land assessed as having between a 1 in 100 and 1 in 1000 chance of river flooding (1%
– 0.1%) and between a 1 in 200 and 1 in 1000 chance of sea flooding (0.5% – 0.1%) in any year.
The water-compatible, less vulnerable and more vulnerable uses of land and essential infrastructure listed in
the Flood Risk Vulnerability Classification (see Table A-2) are appropriate in this zone.
Subject to the Sequential Test being applied, the highly vulnerable uses listed in the Flood Risk Vulnerability
Classification (see Table A-2) are only appropriate in this zone if the Exception Test [see section Error!
Reference source not found.] is passed.
All development proposals in this zone should be accompanied by a FRA
a)

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 techniques.

Zone 3a: High Probability
This zone comprises land assessed as having a 1 in 100 or greater chance of river flooding (>1%) and a 1 in
200 or greater chance of flooding from the sea (>0.5%) in any year.
The water-compatible and less vulnerable uses of land listed in the Flood Risk Vulnerability Classification
(see Table A-2] are appropriate in this zone.
The highly vulnerable uses listed in the Flood Risk Vulnerability Classification should not be permitted in this
zone.
The more vulnerable and essential infrastructure listed in the Flood Risk Vulnerability Classification should
only be permitted in this zone if the Exception Test is passed. Essential infrastructure in this zone should be
designed and constructed to remain operational and safe for users in times of flood.
All development proposals in this zone should be accompanied by a FRA.

22

Department of Communities and Local Government (2006). mä~ååáåÖ=mçäáÅó=pí~íÉãÉåí=ORW=aÉîÉäçéãÉåí=~åÇ=cäççÇ=oáëâK
http://www.communities.gov.uk/index.asp?id=1504640
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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 in lower flood zones with a lower probability of flooding

iii.

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

Zone 3b: The Functional Floodplain
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 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)
Only the water-compatible uses and the essential infrastructure listed in the Flood Risk Vulnerability
Classification (see Table A-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.
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.

Note 1: These Flood Zones refer to the probability of river and sea flooding ignoring the presence of
defences
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Table A- 2 Flood Risk Vulnerability Classification
Classification

Description

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 telecommunications installations required to be operational
during flooding
Emergency dispersal points
Basement dwellings
Caravans, mobile homes and park homes for permanent residential use
Installations requiring hazardous substances consent
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
Non-residential uses for health services, nurseries and educational
establishments
Landfill and sites used for waste management facilities for hazardous waste
Sites used for holiday or short-let caravans and camping, subject to a
specific warning and evacuation plan
Buildings used for: shops; financial, professional and other services;
restaurants and cafés; hot food takeaways; offices; general industry;
storage and distribution; non-residential institutions not included in the
‘more vulnerable’; and assembly and leisure
Land and buildings used for agriculture and forestry
Waste treatment (except landfill and hazardous waste facilities)
Mineral working and processing (except for sand and gravel extraction)
Water treatment works
Sewage treatments plans (if adequate pollution control measures are in
place)
Flood control infrastructure
Water transmission infrastructure and pumping stations
Sewage transmission infrastructure and pumping stations
Sand and gravel workings
Docks, marinas and wharves
Navigation facilities
MOD defence facilities
Ship building, repairing and dismantling, dockside fish processing and
refrigeration and compatible activities requiring a waterside location
Water-based recreation and tourism (excluding sleeping accommodation)
Lifeguard and coastguard stations
Amenity open space, nature conservation and biodiversity, outdoor sports
and recreation and essential facilities such as changing rooms
Essential ancillary sleeping or residential accommodation for staff required
by uses in this category, subject to a specific warning and evacuation plan

More Vulnerable

–
–
–
–
–
–
–
–
–
–

Less Vulnerable

–

–
–
–
–
–
Water-compatible
Development

–
–
–
–
–
–
–
–
–
–
–
–
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Office of the Deputy Prime Minister (ODPM). 2005. `çåëìäí~íáçå=çå=mä~ååáåÖ=mçäáÅó=pí~íÉãÉåí=ORW=aÉîÉäçéãÉåí=~åÇ=cäççÇ=
oáëâ. December 2005.
http://www.odpm.gov.uk/pub/60/ConsultationonPlanningPolicyStatement25DevelopmentandFloodRisk806PDFKb_id116206
0.pdf
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Table A- 2 Flood Risk Vulnerability Classification
Classification

Description

Note 1: This classification is based on advice from the Environment Agency on the flood risks to people and
the need of some uses to keep functioning during flooding.
Note 2: Buildings that combine a mixture of uses should be placed into the higher of the relevant classes of
flood risk sensitivity. Developments that allow uses to be distributed over the site may fall within several
classes of flood sensitivity.
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DEVELOPMENT IN THE FLOOD ZONES

Table A- 3 Development allowed and not permitted in Flood Zones 1, 2 and
3
Flood Zones

Flood Zone 1:
Low Probability

Appropriate
development

All development:

Development
not permitted

Development
allowed only
if Exception
Test is
passed

N/A

N/A

FRA required for
development
proposals on sites
1
of 1 ha or more

N/A

Highly vulnerable

FRA required for all
development

More vulnerable

FRA required for all
development

Essential infrastructure
Highly vulnerable

Site specific
Flood Risk
Assessment

More vulnerable
Less vulnerable
Water-compatible
development
Flood Zone
Medium
Probability

2:

Water-compatible
Less vulnerable
More vulnerable
Essential infrastructure

Flood Zone 3a:
High Probability

Water-compatible

Flood Zone 3b: –
The Functional
Floodplain

Water-compatible

Highly vulnerable

Essential
infrastructure

Less vulnerable
Less vulnerable
More vulnerable

Essential
infrastructure

FRA required for all
development

Highly vulnerable
Table-Notes 1
Note 1: This need only be brief unless there are concerns about: a) the site’s vulnerability to flooding from
other sources as well as from river and sea flooding and b) the development’s potential to increase flood risk
elsewhere through the addition of hard surfaces and the effect of the new development on surface water
runoff – or any other local considerations which require particular attention.
Note 2: In this case, essential infrastructure should be designed and constructed to: a) remain operational in
times of flood b) result in no net loss of floodplain storage c) not impede water flows and d) not increase
flood risk elsewhere.
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APPENDIX B NORTH PLYMSTOCK HQPT ROUTE ASSESSMENT

Proposed Route of the HQPT
The proposed route of the HQPT is shown in Drawing 2007s2273-001 overleaf.
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Billacombe Brook – Results of the ReFH hydrological analysis
The ReFH hydrological analysis for Billacombe Brook is shown overleaf.
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Plymstock Quarry
A map of the proposed Plymstock development is shown overleaf.
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